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6 METHODOLOGY II: MEASUREMENT OF ENVIRONMENTAL 
PERFORMANCE AND MANAGEMENT INDICATORS 

The previous chapter focused on the methodological aspects of the independent variables. The 
construction of the sample, the data collection, the measures and the statistical analysis of the 
general independent variables were discussed. This chapter discusses the measurement of both 
the dependent variable environmental performance (EPI) and the environmental management 
indicators (EMIs). First, the construction of the measures for the EMIs and the EPI is 
explained (6.1). Then, we analyze the measurement results of the EMIs (6.2) and the EPI (6.3) 
concerning the 25 production plants involved in this study. In addition, the search for a 
validation of the EMIs and EPI as measurement tools, by means of the results of an expert 
panel survey, is discussed (6.4). 

6.1 The construction of the measures for the environmental management 
and performance indicators 

Chapter 2 discussed environmental performance evaluation systems as a tool to assess 
environmental performance. It was concluded that, at the start of the empirical study (mid-
1998), there was no widespread agreement on the definition of environmental performance. 
Moreover, there was no general acceptance of one single environmental performance 
evaluation system, and no single system covered the entire environmental performance field. 
In the meantime, more standardization of environmental performance evaluation has emerged 
rathe form of the ISO 14031 guidelines (ISO, 1998), the guidelines of the Global Reporting 
Initiative (GRI, 2000), and the eco-efficiency guidelines of the World Business Council for 
Sustainable Development (WBCSD) (see Chapter 2). However, during the empirical study 
these guidelines were not yet available. Given the shortcomings of the existing systems and 
models at that time, it was decided not to use any one such system or model in its entirety, 
despite the methodological and scientific attractiveness of this option. In addition, most 
existing systems at that time were constructed in a general way, and therefore valuable 
detailed sector-specific information was not used. As the focus of this study is on one sector 
of industry, the measurement tool introduced here will use the sector-specific information of 
this particular industry. 

6.1.1 The environmental performance questionnaire 

Although we did not use any single example of the environmental performance evaluation 
systems and environmental management models that were available at the time of the 
empirical study (see Table 2.1 in Chapter 2), insights from these systems and models formed 
the basis for the construction of our questionnaire (see Annex 6.1). The aim was to get as 
complete a picture as possible of what can be understood by 'environmental performance'. 
Therefore, the methodological choice was made to focus on the whole range of possible 
indicators related to environmental performance. First, all systems and models were analyzed 
m order to extract all the (sub-)indicators that were used to measure or classify environmental 
performance. After removing double counts and choosing the best formulation for each 
subject, this analysis resulted in a long list containing all possible (sub-)indicators that were 
used in existing systems and models. Then, those (sub-)indicators that were not relevant for 
'he dairy industry were removed. Subsequently, the remaining (sub-)indicators were 
structured on the basis of the production chain, i.e. procurement; production process; and, 
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post-production. The (sub-)indicators that could not be placed within one of these this 
categories were classified in one of the three other categories - policy & strategy; regulate 
and, communication. The next step was the translation of this list and the sector-specifi, 
information into one questionnaire (Annex 6.1). Where possible, the questions wen 
formulated in such a way that they could be answered on a five-point Likert scale. However 
some questions could only be answered on a nominal dichotomous scale with a simple 'yes 
or 'no'. Other questions required specific quantitative information that could only ï 
converted to a five-point Likert scale afterwards, i.e. after an overview of the possible extra 
values for the particular (sub-)indicator. The six categories of questions can be described t 
follows: 

. Policy & strategy: questions concerning management's efforts to influence i 
organization's environmental performance. This includes the presence and implementatie: 
of policies and programs, audits, and the way environmental concerns are embedded inth 
organization structure. The management performance indicators (MPIs) as introduced:: 
the ISO 14031 guidelines (ISO, 1998) are closely related to this category. An importe 
difference between ISO 14031 and the tool developed in this study is the absence o: 
financial performance in this study, as here financial performance is neither part of the 
environmental performance nor one of the management indicators as introduced in the 
research model (see Figure 3.2). Moreover, the Dutch dairy industry is dominated by firm: 
with a cooperative organization structure, which makes the use of such financial 
information complicated. 

. Regulation: questions concerning the attitude towards and the position on regulation. Tte 
includes compliance with regulation, internal monitoring to guarantee compliance, signin: 
voluntary agreements (covenants) with the government, and the extent to which future 
regulation is anticipated. 

. Procurement: questions concerning the policy of, and results on, procurement. Tht 
includes enforcement of environmental performance norms on, the environmenta 
cooperation with, and the environmental auditing of, suppliers. 

. Production process: questions concerning the environmental performance of the 
organization's operations. This includes the incorporation of environmental concern: 
throughout the production process, which covers the design, installation, operation and 
maintenance of the physical facilities and equipment. In addition, this includes the actua. 
consumption figures of the main resources and the emission figures of the main pollutant 
in the dairy industry. The operational performance indicators (OPIs) introduced in the ISO 
14031 guidelines (ISO, 1998; and see Box 2.7) resemble this category. 

. Post-production: questions concerning the environmental effects that take place after the 
product leaves the factory gates. This includes the incorporation of environmental concent! 
during transport, environmental cooperation with customers, and the responsibility for 
recycling and disposal of packaging material after use; 

. Communication: questions concerning the internal and external environments 
communication. This includes the presence and quality of an environmental report, and 
environmental communication with consumers, employees and other stakeholders. 

In this questionnaire, there were questions aimed at gathering information for measuring 
environmental performance, on the one hand, and three of the four environmental 
management indicators (EMIs) - EMI policy & strategy, EMI communication and EMI 
organization structure - on the other hand. However, in the questionnaire this division 
between the environmental performance (EPI) and the EMIs does not fully correspond to the 
diverse categories used to construct the EPI and the EMIs in our model. The reason for this 
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Back of correspondence is the structure of this study: the EPI and the EMIs are only partly 
constructed on the basis of the results of the empirical study. Moreover, the distinction 
between each category is not always unambiguous, as the questionnaire was designed to 
enable the interviews to follow a natural course. For example, in the questionnaire the 
categories 'regulation' and 'procurement' contain questions which are really part of the EMI 
policy & strategy in the model. In the final construction of the EPI and the EMIs, the structure 
was fine-tuned and overlaps were removed. The questionnaire must be seen as the first step in 
the development of an EPI. 

6.1.2 The construction of the environmental management and performance indicators 

Figure 6.1 shows the construction of the environmental management indicators (EMIs) and 
the performance indicator (EPI) and their position in the research model, as introduced in 
Chapter 3. The research model distinguished four EMIs - EMI policy & strategy; EMI 
communication; EMI organization structure; and, EMI management commitment - the first 
one of which is divided into three categories - policy; systems; and, documents. EMI 
management commitment was based on three commitment dimensions -- affective; 
continuance; and, forced - and measured by a separate 'commitment questionnaire' (see 
Annex 6.4). The measurement of EMI management commitment will be discussed later in this 
section. The EPI is constructed of an environmental operational indicator (EOI) and an 
environmental impact indicator (Ell). The EOI is composed of four categories: EOI 
regulation; EOI procurement; EOI technical process & product measures; and, EOI post-
production. The Ell is constructed of three categories: Ell energy; Ell water; and, Ell other. 
This section will now discuss how the construction of the EMIs and the EPI evolved, what 
choices were made and on what basis, and of which group of detailed sub-indicators each of 
the different categories is constructed. 

On the basis of the interviews with the production plants' environmental managers and the 
lirnis' and plants' written material on environmental matters, a database with over 250 sub-
indicators for each production plant was created. The database formed the basis for three of 
the EMIs (EMI policy & strategy; EMI communication; and, EMI organization structure) and 
the EPI. After all the interviews were completed, the sub-indicators were ranked on five-point 
ordinal, or converted to ordinal, Likert scales on the basis of the observed extremes for the 
subject concerned. These Likert scales for each (sub-) indicator are shown in Annexes 6.2 and 
6.3 for the EMIs and the EPI respectively. The sub-indicators with a dichotomous nominal 
scale, most of the time an absolute 'no' or 'yes', are an exception to these five-point Likert 
scales. In these few cases, 'no' is ranked as ' 1' and 'yes' is ranked as '5 ' , i.e. the extreme ends 
ol the Likert scale. 

Then, an iterative process of analyzing the list of sub-indicators, on the one hand, and the 
interviews and discussions with academic and non-academic experts, on the other, resulted in 
the selection of 81 sub-indicators at the most detailed level. Double counts were removed. So 
were those sub-indicators that appeared to be neither relevant nor distinguishing for a 
production plant's environmental performance or environmental management. For example, 
a*ter the interviews, it became clear that the presence of a Combined Heat and Power 
installation (CHP) is not a good indicator for a production plant's environmental performance, 
as daily practice appeared far more complex; neither the presence nor the absence of a CHP 
installation says anything about its efficiency in generating electricity. Another example of a 
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Figure 6.1: Overview of the construction of environmental performance and manager» 
indicators in relation to the research model 

Business 
environment' 

EMIs: 

EMI Policy & strategy: 
Policy 
Systems 
Documents 

EMI Communication 
EMI Organization structure 
EMI Management commitment: 

Affective 
Continuance 
Forced 

EPI: 
Environmental operational 
indicator (EOI): 
- EOI Regulation 

EOI Procurement 
EOI Technical process & 
product measures 

- EOI Post-production 

Environmental impact indicator 
(Ell): 
- Ell Energy 
- Ell Water 
- En Other 

non-distinguishing indicator is the membership of the World Business Council for Sustainabl 
Development (WBCSD), as no single Dutch dairy firm was a WBCSD-member during th 
period of the empirical study. Finally, a number of the remaining list of sub-indicators sen* 
as data from which one final sub-indicator was derived or calculated. Examples are th 
'quality sub-indicators', the mean value of which resulted in an overall sub-indicator 'qualit 
index'. This latter sub-indicator measures the quality of environmental policy plans, based 01 
13 quality sub-indicators (see items 24 and 26 of EMI policy & strategy in Annex 6.2) andtli 
quality of location environmental reports3', based on 15 quality sub-indicators (see item 3 o 
EMI communication in Annex 6.2). These quality sub-indicators are not part of the final 8 
sub-indicators at the highest level of detail. Rather, they provide the necessary backgrouni 
information to compose some of these sub-indicators. 

In order to compile the EMIs and the EPI, these 81 basic sub-indicators were subsequent 
restructured, as the structure of the questionnaire did not fully correspond to the content of th 

A location environmental report is an environmental report produced for a specific production site. 
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EMIs and the EPI. Moreover, overlaps between different categories had to be removed. In 
addition, the insights of the ISO 14031 (ISO, 1998) and GRI (GRI, 2000) guidelines, which 
had become available in the meantime, were used as much as possible at this stage of the 
project. Chapter 3 has already referred to the relation between the EPI, the EMIs and the 
environmental performance questionnaire, on the one hand, and the ISO 14031 guidelines, on 
the other. Table 6.1 shows the similarities and differences between the EPI and EMIs, as 
developed in this study, and the indicators of both the ISO 14031 and the GRI guidelines, in 
order to help explain the construction of the measurement tool of this study. The indicators 
that are clearly defined by any one of the three systems are shown in bold print. 

All three systems provide guidelines or help to measure environmental performance. The 
main differences between these three systems are the scope and focus. Both the measurement 
tool of this study and the ISO 14031 guidelines deal with environmental management and 
performance indicators, while the GRI guidelines deal with economic and social indicators as 
well. All three systems are suitable for external reporting or auditing, but the measurement 
tool of this study also focuses on internal aspects, which are best revealed by the EMIs: EMI 
communication; EMI organization structure; and, EMI management commitment. These 
EMIs can be interpreted as leading indicators - aiming at providing managers with tools to 
effect change, in order to improve environmental performance (see Chapter 3) - contrary to an 
EPI. which can be interpreted as a lagging indicator. Another important difference is that the 
tool of this study has a clearly defined division of the EPI into the EOI and the Ell. Both the 
ISO 14031 and GRI guidelines do not make such a clear division between operational and 
impact indicators. There is still no common agreement on the definition of environmental 
performance. Sometimes, only the actual environmental impact expressed in consumption and 
emission figures (Ell) is called environmental performance. Therefore, the model of this study 
aims to contribute to ending this confusion by analyzing the differences between the Ell and 
the EOI. 

The last row of Table 6.1 shows the similarities in the terminology used in the three systems. 
Most confusing are the different meanings of EPI in the systems of this study compared with 
the ISO 14031 guidelines; ISO 14031 also includes the management indicator policy & 
strategy (MPI) in its EPI. Finally, the absence of environmental condition indicators (ECIs) in 
the system of our own study and in the GRI guidelines is striking. It was already stressed 
before that the condition or context in which a production plant has to operate is very 
important and revealing. However, the actual operationalization of these indicators is very 
difficult in practice; this problem is also noted by ISO 14031 itself. Therefore, condition or 
context indicators are not incorporated in the measurement tools used in this study. 

Given the explanation of the structure of the EMIs and the EPI, the next step is the actual 
construction of these indicators. Table 6.2 shows the detailed sub-indicators of which the EMI 
policy & strategy; EMI communication; and, EMI organization structure, are constructed. 
Table 6.3 shows the two main sub-indicators of which the EPI is constructed: the operational 
indicators (EOIs) and the impact indicators (Ells) and their detailed composition. The general 
selection procedure, which resulted in the 81 sub-indicators, was already discussed above. 
»hen more specific selection criteria were applied to individual indicators, these criteria will 
be discussed below. The weights for the different sub-indicators of the EMIs and EPI are 
shown, respectively, in Annexes 6.2 and 6.3. The ISO 14031 and GRI guidelines do not give 
any starting points for the determination of the weights of these sub-indicators. Therefore, 
these weights are assigned on the basis of their relative importance, which was determined in 
consultation with experts inside and outside academia. It was aimed to assign the weights in a 
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Table 6.1 : Environmental indicators in this study compared with the ISO 14031 and the 
GRI Guidelines 

System of environmental 
indicators of this study ISO 14031 GRI 

Scope Environmental management Three basic Guidelines for sustainability 
and performance indicators indicators for (environmental, economic and 

environmental social) reporting 
management 

Focus External reporting/auditing and External External reporting/auditing 
locus on internal aspects reporting/auditing 

Content . EMls: . ECIs • Vision & strategy 
Policy & strategy: . EPIs: . Policies, organization & 
policy, systems, and - OPIs management systems 
documents - MPIs • Performance: 
Communication Environmental 
Organization structure Economic 
Management Social 
commitment: Integrated 
affective, continuance, 
and forced 

. EPls: 
- EOIs 

Similarities EPI OPIs Env. pert'. Indicators 
in content of EOI Defined part of OPIs Not a separately-defined part of 

terminology env. perf. indicators 

Ell Defined part of OPIs Not a separately-defined pari of 
env. perf. indicators 

EPI + EMI Policy & strategy EPIs Env. perf. indicators + Vision & 
strategy + Policies, organization 
& management systems 

EMI Policy & strategy MPIs Vision & strategy + Policies, 
organization & management 
systems 

EMI Communication In some instances, 
referred to in MPIs 
as 'community 
relations' 

Not incorporated 

EMI Organization Structure Not incorporated In section 'Policies, 
organization and management 
systems' 

EMI Management Not incorporated Not incorporated 
Commitment 

Not incorporated ECIs Not incorporated 

ECI: Environn lental Condition Indicator EPI Environmental Performance Indicator 
Ell: Environn îcntal Impact Indicator MP Management Performance Indicator 
EMI: Environn lental Management Indicator OPI Operational Performance Indicator 
EOI: Environn lental Operational Indicator 
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able 6.2: The construction of the environmental management indicators (EMIs) 

EMI Policy & strategy 

Policy 

1. Environmental b e n c h m a r k s 
2. Environmental measu re s to s t rengthen marke t posi t ion 
3. Environmental measu re s to save costs 
4 Green/organic p roduc t s in the product range 
; Environmental s tandards for suppl iers 
6. Environmental s tandards as se lect ion cri terion suppl iers 
7, Environmental audi ts for suppl iers 
8 Internal moni tor ing for env i ronmenta l compl i ance 

' 9. Signing Packaging Covenan t s 1 and II 
10. Signing Mul t i -Year Agreemen t 
11. Anticipating future env i ronmenta l regula t ion 

Systems 
12. Environmental m a n a g e m e n t sys tem 
13. ISO-14001 certificate 
14. Internal environmenta l audi ts 
15. External environmenta l audi ts 
16 Environmental efficiency as m a n a g e m e n t indicator 
17. Environmental m a n a g e m e n t information sys tem ( E M I S ) 
18. Integration of an env i ronmenta l m a n a g e m e n t informat ion sys tem ( E M I S ) in a genera l m a n a g e m e n t 

infonnation system ( M I S ) 

Documents 

19. Environmental m a n a g e m e n t s ta tement 
20 Formal environmental pol icy 

21. Energy management pol icy 
22. Calamity plan 
23 B.ViP-1 ' 
24. Quality index BMP-I 
25 BMP-II 

26. Quality index BMP-II 
27. Emironmental code of conduc t 

MI Communication 

Corporate envi ronmenta l report 
Location environmenta l report 
Quality index locat ion env i ronmenta l report 
Environmental sect ion in corpora te annual report 
Environmental informat ion on corpora te Internet site 
Other publicly avai lable env i ronmenta l c o m m u n i c a t i o n mater ia l 
Product-related env i ronmenta l label ing or informat ion 
Environmental communica t i on towards u se r / consumer 
Emironmental c o m m u n i c a t i o n towards employees 
Environmental c o m m u n i c a t i o n towards other s takeholders 

EMI Organization structure 

Employees with env i ronmenta l tasks 
Integration of envi ronmenta l tasks in the organiza t ion 
Em ironmcntal t ra in ing/educat ion 
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Table 6.3: The construction of the environmental performance indicator (EPI) 

Environmental Operational Indicator (EOI) 

EOI Regulation 
1. Compliance with the environmental regulation 
2. Position in relation to objectives of Packaging Covenants I and II 
3. Position in relation to objectives of Multi-Year Agreement 
4. Accomplished objectives Environmental Policy Plan-I 

EOI Procurement 
5. Environmental cooperation with suppliers 

EOI Technical process & product measures 
6. The integration of environmental quality in product development 
7. Use of Life Cycle Analysis 
8. Search for greener ingredients 
9. Search for greener packaging materials 
10. Packaging design based on waste minimization and maximization of reuse 

Products based on environmental innovation 
Environmental criteria incorporated in design of new facilities 
Use of green power 
Level of 'environmental techniques' 
Use of dairy by-products as supply for feed industry 
Waste management 
Reuse of water 
CPR-13 (related to ammonia in the refrigeration system) 
C'PR-15 (related to chemical storage) 

EOI Post-production 
20. Integration environmental considerations in transport 
21. Environmental cooperation with buyers 
22. Taking responsibility for recycling or removal of packaging after use 

Environmental Impact Indicator (Ell) 

EH Energy 
1. Energy efficiency improvement 1997 compared with 1996 
2. Energy efficiency improvement 1998 compared with 1997 
3. Specific energy use 1997 
4. Specific energy use 1998 
5. Development of energy efficiency since 1992 
6. Development of CO : emission since 1989 
7. Development of NOx emission since 1985 

Ell Water 
8. Specific water use 1997 
9. Development of water use since 1985 
10. Development of water pollution since 1985 
11. Development of N-Kj since 1985 
12. Development of phosphate emission since 1985 
13. Development of chloride emission since 1989 
14. Development of nitrate emission since 1985 

Ell Other 
15. Development of the total amount of waste since 1985 
16. Development of chemical waste and used oil since 1985 
17. Soil management 
18. Noise management 
19. Smell management 
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way that reflects the relative importance of the environmental impact and activities. The 
assigned weights will be discussed below. 

Environmental management indicators (EMIs) 
The first EMI, EM policy & strategy, is divided in three categories - policy; systems; and, 
documents. A weight of 1/3 is assigned to each of the mean values of the three categories. 
EM Communication, the second EMI, is composed of 10 sub-indicators of which one - the 
quality index of the location environmental report - is composed of 15 quality sub-indicators 
(see Annex 6.2c). EMI communication is calculated as the mean value of its 10 sub-
indicators; the quality index of the location environmental report is calculated as the mean 
value of the 15 quality sub-indicators. Third, EMI organization structure is composed of three 
sub-indicators and is calculated as the mean value of these three sub-indicators. 

Environmental performance indicator (EPI) 
The production plant's environmental performance indicator (EPI) is composed of an 
operational indicator (EOI) and an impact indicator (Ell). The reason to have this dichotomy 
has already been discussed above. The EPI is calculated as the mean value of the EOI and the 
Ell. The equal weights of the EOI and the Ell reflect the relative importance of these two 
indicators according to the experts. Subsequently, the environmental operational indicator 
(EOI) is composed of four categories - EOI regulation; EOI procurement; EOI technical 
process & product measures; and, EOI post-production - with 22 sub-indicators in total. The 
mean values of the four categories were respectively assigned the weights 2/12, 1/12, 7/12 and 
-12. which reflects the relative importance of these categories according to experts. Then, the 
em ironmental impact indicator is composed of three categories - Ell energy; Ell water; and, 
Ell other - with 19 sub-indicators in total. The choice of the environmental impact sub-
indicators is based on the assessment of the main environmental problems in this sector -
energy consumption, water consumption and discharge - by the Novem (Dutch Organization 
for Energy and Environmental Affairs) and FO Industrie (Facilitating Organization for 
Industry), on the one hand (FO Industrie, 1998), and experts within and outside the sector, on 
the other. Moreover, the final compilation was also dependent on the availability and mutual 
comparability of the consumption and emission figures. The mean values of the three 
categories were, respectively, assigned the weights 2/5, 2/5 and 1/5, as 'water' and 'energy' 
were judged to be equally important and the category 'other' less important. 

Environmental management commitment 
As already mentioned, the fourth environmental management indicator, EMI management 
commitment, has a special position, as this variable was measured in a different way from the 
other three EMIs. Due to its nature, i.e. measuring personal opinions of individual managers 
rather than organizational aspects, this variable was measured by means of a separate 
questionnaire (see Annex 6.4) that had to be filled out by the interviewees. The questionnaire 
was developed on the basis of Keogh & Polonsky's (1998) three-component model of 
environmental commitment. Meyer and Allen, the creators of the model which Keogh & 
Polonsky subsequently applied to the environmental field, have tested their three-component 
model of organizational commitment extensively (Allen & Meyer, 1990 and 1996; Meyer & 
Allen. 1991; Meyer et al., 1993). However, to date, this model has only been conceptual. In 
the framework of this study, it was decided to operationalize this model as a first attempt to 
measure environmental management commitment. For each commitment level six items, 
representing various propositions, are formulated, based on the description of the model by 
Keogh & Polonsky and the existing literature, such as Cramer (1987), who describes how 
political involvement' can be measured. Table 6.4 shows these items. 
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Table 6.4: Environmental commitment items 

Affective commitment 

Environmental concerns should be a main consideration within business strategy. 
I use and integrate environmental information from all sources to find solutions, take actions and make 
decisions. 
I enter into discussions with colleagues about my environmental concerns. 
1 take environmental considerations into account in my personal decisions and actions (energy use. water 
use, buying green products, waste separation, recycling, transport). 
I am a personal member of one or more environmental organizations. 
I have either been interviewed about or have published my own environmental-related research, actions or 
opinions in the firm magazine, the professional literature or in the form of a letter to the editor of a 
newspaper.  

Continuance commitment 

The incorporation of environmental concerns is a prerequisite for an economically healthy enterprise. 
1 use and integrate environmental information that is predominantly related to economic and social norms 
I use environmental information to minimize the tangible (business economic) and intangible costs of the 
firm. 
Without the incoiporation of environmental concerns in a firm's strategy, a firm will not survive in the 
long term. 
External stakeholders will increasingly judge our firm on its environmental performance. 
A bad environmental image will have considerable negative effects on our firm's economic performance 

Forced commitment 

I use environmental information only when there is a need for it or when 1 am obliged to 
The regulator forces me to take environmental action 
I feel compelled to take environmental action to satisfy the expectations of environmental groups 
I feel compelled to take environmental action to satisfy the expectations of customers 
I feel compelled to take environmental action to satisfy the expectations of shareholders 
I feel compelled to take environmental action by the firm's beliefs and values 

Subsequently, these items were transferred to a questionnaire in a random sequence (set 
Annex 6.4). All interviewees had to indicate on a five-point Likert scale to what extent the) 
agreed with the propositions. The level of each commitment dimension is measured as the 
average of the scores on their items. 

The next two sections will deal with the results of measuring, respectively, the environmental 
management indicators (EMIs) and the environmental performance indicator (EPI). 

6.2 Measurement results of the environmental management 
indicators 

In this section, the measurement results of the four environmental management indicators 
(EMIs): EMI policy & strategy; EMI communication; EMI organization structure; and, EMI 
management commitment are analyzed. 
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6.2.1 Environmental policy & strategy 

Figure 6.2 shows the values of the participating production plants for the variable EMI policy 
&strategy. Table 6.5 supports this figure by showing the mean values and variances of 
environmental policy & strategy for each sub-sector: consumption milk; powder & industrial 
products; and, cheese. It can be observed that the total sample gives a different picture than 
the individual sub-sectors. Although the mean values of the total sample and the individual 
sub-sectors do not differ that much - they are all between 3.1 and 3.3 points - the variances 
show a clear difference. Within the sub-sector 'consumption milk', the variance is much 
hieher than in the other two sub-sectors. This means that in this sub-sector, the values of the 
individual production plants for the variable EMI policy & strategy show much more 
variation than in the other two sub-sectors; in this sub-sector, both the highest and lowest 
\alue for this variable can be found. 

gure 6.2: The values for EMI policy & strategy, specified by plant 

r 

Case Number 

Consumption milk ( 1 -8) Powder & ind. prod. (9-15) Cheese(16-25) 

fable 6.5: EMI policy & strategy for the three sub-sectors 

Total 
Consumption 

milk 

Powder & 
industrial 
products 

Cheese 

N 25 8 7 10 
Mean 3.19 3.06 3.33 3.19 

Variance .44 .70 .40 .34 
Minimum 1.33 1.33 2.05 2.17 
Maximum 4.25 4.25 4.03 4.19 

Range 2.92 2.92 1.98 2.02 

"ange: Difference between maximum and minimum value. 

file:///alue
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Figure 6.3: Construction of the environmental management indicator policy & strategy 

A: Consumption milk 

Case Number 

B: Powder & industrial products 
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Il seems that in the whole sample the low values for this variable can be explained by the 
relatively small size of the particular production plants34; a small plant size can make the 
formulation of an official environmental policy more difficult, both financially and 
concerning the staff involved. Relatively low values on this variable also seem to be related to 
the time a production plant is in operation; relatively new production plants often do not have 
a full environmental policy and strategy (yet). This does not mean, however, that all relatively 
small or new production plants score low on the EMI policy & strategy. Despite these few 
low values, this indicator has on average a high absolute value, which might indicate that 
dairy production plants generally have an environmental policy of a relatively high quality. 
Given the observations during the industry-wide pilot study (see Annex 3.1), this assumption 
of relatively high quality of environmental policy and strategies in the dairy industry can be 
supported. 

Subsequently, it is interesting to look at the detailed structure of this EMI policy & strategy 
consisting of the three sub-indicators policy, systems and documents, as shown in Figure 6.3 
for the three sub-sectors. These figures show for all three sub-sectors that, generally and on 
average: the value of the sub-indicator policy is closely related to the EMI policy & strategy; 
the value of the sub-indicator systems is lower than this EMI; and, the value of the sub-
indicator documents is much higher. This means that the environmental policies of the dairy 
production plants in all three sectors are generally better documented than would be expected 
from the actual systems and policies themselves. The small production plants are an 
exception, in the sense that they score much higher on the sub-indicator policy than on the 
sub-indicators systems and documents. 

1.2.2 Environmental communication 

n the same way as for the EMI policy & strategy, Figure 6.4 shows the values of the 
larticipating production plants for the variable EMI communication. Table 6.6 supports this 
igure by showing the mean values and variances of environmental communication for each 
'Ub-sector. It can be observed that EMI communication shows a much more irregular pattern 
han the EMI policy & strategy, which is revealed by its high variance: .81 as opposed to .44 
or EMI policy & strategy. Moreover, the mean value of EMI communication is relatively 
ow, 2.5, much lower than for EMI policy & strategy. When the individual sub-sectors are 
»bserved, some variation in this pattern can be seen. Of the three sub-sectors, 'consumption 
nilk' has the highest mean value for this variable and an extremely high variance of 1.5. As 
or the EMI policy & strategy, the highest and lowest value for EMI communication can be 
ound in this sub-sector. The sub-sectors 'powder & industrial products' and 'cheese' show 
nuch lower mean values and variance, in respect of which the first of these sub-sectors has 
he most regular pattern. It can be concluded that the Dutch dairy industry has a relatively low 
evel of environmental communication, especially in the sub-sector 'powder & industrial 
iroducts'. However, despite this relative low average level of communication, some peaks 
•an be observed. It is remarkable that the organic dairy production plants all seem to have a 
ugh level of environmental communication. 

A small firm is defined here as a firm that has either only one production plant operating in the dairy sector or 
a total 1998 milk supply of less than 50,000 tonnes and less than 50 employees. A ' larger corporation' is 
defined as a firm that has more than one dairy production plant, processes over 50,000 tonnes milk on an 
annual basis and has more than 50 employees. 
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Figure 6.4: EMI communication, specified by plant 
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Table 6.6: EMI communication for the three sub-sectors 

Total Consumption 
milk 

Powder & 
industrial 
products 

Cheese 

N 25 8 7 10 
Mean 2.46 2.7548 2.1429 2.43 

Variance .82 1.52 .51 .50 
Minimum 1.14 1.14 1.30 1.50 
Maximum 5.00 5.00 3.00 3.88 

Range 3.86 3.86 1.70 2.36 

Range: Difference between maximum and minimum value. 

6.2.3 Environmental organization structure 

Compared with the two other EMIs discussed above, EMI organization structure shows i 
most regular pattern, as can be seen in Figure 6.5. Table 6.7 shows how both the mean value 
and the variance of this variable have intermediate values compared with the other twoEMIs 
above (6.2.1 and 6.2.2). It is remarkable that in the sub-sector 'cheese' both the mean vall
and the variance are higher than in the other two sub-sectors, although the mean values of this 
variable for the three sub-sectors are very close to each other. The highest and lowest values 
for this variable are both found in the sub-sector 'cheese'. It can be concluded thai 
environmental concerns are fairly well embedded in the organization structures of Dutch dam 
companies, where the sub-sector 'cheese' has the highest level of integration. Furthermore. 
was observed that for all, except one production plant, the environmental responsibility lies 
with the plant manager. The responsibility for the environmental operations, on the other 
hand, often (for three-quarters of the production plants) lies on a lower management or stall 
function level. In addition, it can be observed that the size of both a production plant (in terras 
of milk supply processed) or the corporation to which the production plant belongs is no 
relevant for the level of integration of environmental concerns in the organization structure. 
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:i»ure 6.5: EMI organization structure specified by plant 
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Table 6.7: EMI organization structure for the three sub-sectors 

Total 
Consumption 

milk 

Powder & 
industrial 
products 

Cheese 

N 25 8 7 10 
Mean 2.88 2.71 2.86 3.03 

Variance .64 .59 .51 .85 
Minimum 1.67 1.67 2.00 1.67 
Maximum 4.33 4.00 4.00 4.33 

Range 2.66 2.33 2.00 2.66 

Difference between maximum and minimum value. 

6.2.4 Environmental management commitment 

As the environmental management commitment model has never been operationalized before, 
the values of the results of this measurement tool need to be interpreted very carefully, 
initially, it was intended that the plant and environmental manager of each production plant 
would fill out the commitment questionnaire and would then send it back to the researcher. 
However, for some production plants, only one questionnaire was filled out as there was 
sometimes a lack of job division: for example, when the plant manager had a combined 
responsibility for general and environmental affairs. Other reasons were that, for example, 
because of the company's practical or time constraints, only one interview took place at a 
production plant. Moreover, for one single plant, the commitment questionnaires were, even 
after several written and telephone reminders, not sent back at all. For each participant in this 
survey, the EMI management commitment was calculated for its three dimensions (affective, 
continuance and forced) as the average of the values for the six items (propositions) of which 
-ach dimension consists. Figure 6.6 shows the average commitment of the production plants 
:n the sub-sectors 'consumption milk', 'powder & industrial products' and 'cheese'. 
Management commitment is calculated as the average of the results of the plant manager and 
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Figure 6.6: The three commitment dimensions in the three sub-sectors 
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the environmental manager. In those cases where only one questionnaire was filled out, the 
sinsle values are used as the average values in order to incorporate all plants in the analysis. 

Figure 6.6 clearly shows that continuance commitment generally scores much higher than 
affective and forced commitment. Table 6.8, which shows an overview of the measures that 
indicate the composition of the three commitment dimensions, supports this observation. This 
means that the economic and social costs that managers associate with disregarding 
environmental concerns are their main drivers for environmental commitment. Affective and 
forced commitment show values that are on average very close to each other. In contrast to 
organization culture, no particular patterns for the individual sub-sectors can be observed 
regarding environmental commitment. However, the variance of affective and forced 
commitment in the sub-sector 'powder & industrial products' is substantially higher than it is 
in the two other sub-sectors. It is remarkable that the three organic plants also score highest on 
continuance commitment, while a higher score on affective commitment might be expected. 
This expectation is based on the general assumption that there is an ideological choice for 
organic production. However, in practice, organic production plants can also be profit-seeking 
operations in a niche market, without having idealistic 'green' objectives, or at least not as 
their main priority. Moreover, also the absolute values of affective commitment for these 
organic production plants are not above the average (i.e. of the values of affective 
commitment of all the 25 production plants). These observations indicate that the economic 
and social costs associated with disregarding environmental concerns are the largest personal 
environmental drivers of managers in the Dutch dairy industry, irrespective of the objectives 
or mission of the company, such as the production of organic products. 

able 6.8: The three commitment dimensions for the three sub-sectors 

Affective commitment Continuance commitment Forced commitment 

Total CM P&I CH Total CM P&I CH Total CM P&I CH 
24 8 7 9 24 8 7 9 24 8 7 9 

Mian 3.34 3.29 3.39 3.35 3.92 3.95 3.84 3.97 3.32 3.35 3.20 3.40 
Variance .15 .05 .35 .11 .13 .11 .11 .16 .16 .21 .27 .06 
Minimum 1.84 .68 1.84 1.08 1.42 .83 .89 1.42 1.41 1.33 1.41 .83 
Maximum 2.33 3.07 2.33 2.75 3.08 3.67 3.50 3.08 2.42 2.50 2.42 3.00 

Range 4.17 3.75 4.17 3.83 4.50 4.50 4.39 4.50 3.83 3.83 3.83 3.83 

For one production plant the data to calculate the Ell were not available. 
CM: Consumption milk 
P&I: Powder & industrial products 
Ĥ: Cheese 

Range: Difference between maximum and minimum value. 

Finally, to complete the picture of the EMI management commitment, Figure 6.7 shows the 
comparison between the environmental and the plant manager's environmental commitment 
tor each individual production plant for the commitment dimensions: affective; continuance; 
and, forced. For 9 of the 25 production plants, the data were incomplete or impossible to trace 
back to the particular manager. Therefore, the analysis is based on the remaining 16 
production plants. Figure 6.7a shows that, for the majority of the production plants, the 
environmental manager's affective commitment is higher than the affective commitment of 
'he plant manager. This difference is relatively large in the sub-sector 'powder & industrial 
products . On the other hand, Figures 6.7b and c show that for both continuance and forced 
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Figure 6.7: Comparison of environmental and plant managers' commitment dimensions 
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immitment the opposite holds: in the majority of the production plants the values of 
intinuance and forced commitment are lower for the environmental manager than for the 
ant manager. These observations seem to hold for all three sub-sectors and indicate that the 
ivironmental managers' environmental commitment is, in general, much more based on 
notional attachment to, identification with, and involvement in, supporting environmental 
mcerns (affective commitment), than it is for the plant managers. On the other hand, the 
ivironmental commitment of these plant managers seem to be based more on an economic 
ist-benefit analysis (continuance commitment) and a personal sense of obligation (forced 
immitment). Finally, it is remarkable that, in the sub-sector 'powder & industrial products', 
r both the environmental and the plant managers, the variance for all three commitment 
mensions is considerably higher than it is in the two other dimensions. This means that the 
ivironmental commitment of managers in the sub-sector 'powder & industrial products' is 
uch more diverse than the environmental commitment of managers in the other two sub-

Measurement results of environmental performance 

'ter processing the database according to the environmental performance measurement tool 
reduced in Section 6.1, the calculation of the production plants' environmental 
rformance reveals the variety of results as shown in Figure 6.8. Within each sub-sector, the 
oduction plants are arranged in order of decreasing environmental performance. This order, 
already mentioned in Chapter 5, does not correspond to the order of the list of participating 
Dduction plants as shown in Annex 5.1, due to a confidentiality agreement with the 
rticipating firms. 

igure 6.8: Environmental performance, specified by plant 
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Table 6.9 shows the measures that indicate the composition of the sample for the variable 
and its two main sub-indicators EOI and Ell, itemized by sub-sector. The mean values for 
EPI do not vary much between the three sub-sectors: they are all around 3.2. The variai 
between the production plants' environmental performance lies between the values of 2 ani 
with most of the production plants showing a variation between the values of 3 and 4. In 
sub-sector 'consumption milk', a much larger variance than in the other two sub-sectors 
be observed: the highest and lowest value of the EPI are both located in this sub-sector. ' 
variance for the sub-sector 'cheese' is extremely low. The observed variation 
environmental performance values of only two points is directly related to the nature of 
measurement tool: the scales of the sub-indicators of the environmental performa 
measurement tool were developed on the basis of the extreme values of the correspond 
subjects which were found in practice. This automatically resulted in the infrequer: 
occurrence of the extremes, especially after a weighted computation of the production plant 
environmental performance. Therefore, the interpretation of the value of the environment 
performance of the individual production plants is focused on the relative differences in the 
observed range. Furthermore, more variation in the environmental performance can be sec 
when a detailed construction of the production plants' individual environmental performant; 
is analyzed. The first step in this specification is shown in Figure 6.9 by the construction of 
the production plants' overall environmental performance (EPI) and its two main sub-
indicators: the environmental operational indicator (EOI) and the environmental unpad 
indicator (Ell), for the three sub-sectors. 

Table 6.9: The EPI, EOI and Ell for the three sub-sectors 

EPI EOI Ell * 
Total CM P&I CH Total CM P&I CH Total CM P&I a 

25 8 7 10 25 8 7 10 24 8 7 
Mean 3.26 3.39 3.31 3.12 3.10 3.34 3.08 2.90 3.48 3.64 3.54 3.34 

Variance .21 .42 .22 .05 .27 .39 .26 .14 .24 .42 .24 .1! 
Minimum 2.04 2.04 2.41 2.68 2.04 2.04 2.25 2.42 2.33 2.33 2.58 : 
Maximum 4.02 4.02 3.89 3.46 3.93 3.92 3.93 3.51 4.14 4.14 4.08 Ml 

Range 1.97 1.97 1.48 .77 1.89 1.87 1.68 1.10 1.80 1.80 1.50 i: 

For one production plant the data to calculate the Ell were not available. 
CM: Consumption milk 
P&I: Powder & industrial products 
CH: Cheese 
Range: Difference between maximum and minimum value. 

As can be seen in Figure 6.9, the EOIs and Ells differ considerably for some of the production 
plants, especially in the sub-sectors 'powder & industrial products' and 'cheese'. This 
difference is particularly striking for the sub-sector 'cheese', as the EPI of this sub-sec'. 
showed a smaller variation than it did for the other two sub-sectors (see Figure 6.8) 
Moreover, the individual variances for both the EOI and the Ell are also much lower for the 
sub-sector 'cheese' than for the other two sub-sectors (see Table 6.9). Furthermore, il -
remarkable that for two-thirds of the production plants, the Ell is higher than the EOI. This 
can be interpreted as a higher actual than (based on the production plants' environmental 
operations) expected environmental performance for most of the Dutch dairy production 
plants. In addition, it is interesting to observe that, within the sub-sector 'cheese", the relation 
between the EOI and the Ell seems to be inversely proportional: production plants witli -
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Figure 6.9: Construction of environmental performance in the three sub-sectors 
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relatively low EOI have a relative high Ell. So far, no logical explanation has been found 
this observation. Figure 6.9 also shows that the individual values of the EOI and the Ell ha 
a different order of ranking within each sub-sector, both amongst themselves and as compai 
with the EPI. 

Given the knowledge of the background of the individual production plants, large different 
between their EOI and Ell sometimes do seem to have a logical explanation. One of the fin 
active in the sub-sector 'consumption milk', for example, has a brand-new modern producti 
plant in which the newest technologies and principles of efficiency are used. This producn 
plant has a very high Ell - ranking in the top-3 of the total case study - while its EOI oi 
ranks in the middle group. Given its goods results for environmental impact, this plant': 
overall EPI is diminished by its relatively low EOI. The explanation in this case, but also» 
the case of most of the other production plants that have a higher Ell than EOI, is tha 
environmental measures are much less taken or mentioned as such, as they are ofte: 
automatically integrated in the state-of-the-art technology. Vice versa, some production plant: 
have a higher EOI than an Ell. In these cases, environmental operations lead to less effet 
than could be expected on the basis of an assumed close relation between the EOI and the Ell 
It is remarkable that the organic production plants all have a higher EOI than an EIL: 

generally smaller scale of production could be an explanation, as diseconomies of scale cat 
lead to a relative higher consumption of energy, resources, and cleaning products.35 

On average, on all three values - EPI, EOI and Ell - the sub-sector 'consumption milk' score 
higher than the other two sub-sectors. 'Powder & industrial products' score second on al 
three values, and 'cheese' scores third. Possible explanations could be internal, corporate anc 
business environmental (organizational) characteristics, which will be analyzed and discussed 
in Chapter 7, where the research model is tested. Furthermore, it can be observed that it: 
average value of the Ell is higher than the average value of the EOI for all three sub-sector: 
The next step in this specification of environmental performance is the analysis of the detailee 
construction of both the EOI and EIL 

6.3.1 Environmental operational indicators 

Figure 6.10 shows the construction of the EOI based on four sub-indicators - EOI regulation. 
EOI procurement; EOI technical process & product measures; and, EOI post-production - it 
the sub-sectors 'consumption milk', 'powder & industrial products' and 'cheese'. Figure6h 
shows that the construction of the production plants' EOI in the sub-sector 'powder A 
industrial products' is constructed in a much more regular way than the EOI of the production 
plants in the sub-sectors 'consumption milk' and 'cheese'. In other words, in the sub-sector 
'powder & industrial products', the variance of the EOI sub-indicators is much lower than i: 
the other two sub-sectors. The sub-sector 'consumption milk' shows for all EOI sub-
indicators both the highest mean values and the highest variance. 

Figure 6.10 shows that the EOI sub-indicator, EOI regulation, generally has a higher value 
than the overall EOI for an individual production plant, and the differences between the two 
values are higher in the sub-sector 'cheese' than in the other two sub-sectors. However, 

Small-scale production requires shorter batches (group of products produced at the same time). The 
the batches are, the more often the production line has to be stopped and started, which results in a relatif. 
higher energy use. percentage of product leakage, water use (for cleaning the production line), and use 
cleaning products. 
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I Figure 6.10: Construction of environmental operational indicator in the three sub-sectors 
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average value for EOI regulation in the sub-sector 'cheese' is very close to its average valu; 
in the two other sub-sectors. It can be concluded that Dutch dairy production plants general! 
comply with the regulations. Nevertheless, it is striking that the organic production plant 
have a relatively low value on EOI regulation. This low value can be explained by tbt 
relatively small size of these plants; for small production plants it is often more difficult t 
reserve time to produce the required environmental reports than for (larger) plants. Moreover. 
the independence of these plants might also be an explanation, as they lack the corporate rj 
divisional headquarters to provide standard formats for the environmental reporting activities 

For the EOI sub-indicator, EOI procurement, the majority of the production plants in the sub-
sectors 'consumption milk' and 'cheese' have a higher value than the EOI. In the sub-secio: 
'powder & industrial products', the value of EOI procurement is on average lower than tin 
overall EOI. Therefore, it can be concluded that, on average, dairy production plants uiih. 
sub-sector 'powder & industrial products' incorporate environmental concerns much less il 
their procurement than dairy production plants in the other two sub-sectors. Furthermore, it i 
remarkable that the variance for EOI procurement is in all three sub-sectors extremely high 
much higher than the EOI itself and the other EOI sub-indicators. Finally, as could bi 
expected, EOI procurement has a relatively high value for the organic production plants 
buying and using organic resources is one of their main distinguishing characteristics. 

The EOI sub-indicator, EOI technical process & product measures, generally has a valu; 
close to the EOI, which is not surprising given its weight of almost 60% in the EOI 
Following the general observations regarding the EOI as discussed above, this means that for 
EOI technical process & product measures, as for the EOI, the sub-sector 'consumption milk' 
has the highest value, followed by the sub-sector 'powder & industrial products', and then 
'cheese' comes in third place. Besides having the highest average value, the sub-sectoi 
'consumption milk' also has a higher variance than the other two sub-sectors, which means 
that in this sub-sector some production plants really lag behind regarding their technical 
process & product measures. 

Finally, for all three sub-sectors, the EOI sub-indicator, EOI post-production, generally has 3 
much lower value than the EOI, which indicates that dairy plants are generally much less 
preoccupied with the environmental effects in the 'post-production stage' than during the 
production process itself. This can partly be explained by the corporate or divisional character 
of 'post-production' policies and actions. Nevertheless, it still holds that the post-production 
focus is generally lower than the focus on the other steps in the production chain. The sub-
sector 'consumption milk' shows the highest average value for EOI post-production, which 
can be explained by the relatively large part played by packaging in the total environmental 
effect in this sub-sector. However, it is remarkable that the variance in this sub-sector is also 
highest, which means that some plants are really lagging behind. 

6.3.2 Environmental impact indicators 

Figure 6.11 shows the construction of the environmental impact indicator (Ell) based on its 
three sub-indicators - Ell energy; Ell water; and, Ell other - in the three sub-sectors. The 
value of Ell energy and Ell water, which together determine 80% of the overall Ell. arc 
generally very close to the value of the Ell. The Ell other, however, generally has a higher 
value than the Ell, and the differences between these values for the sub-sector 'cheese' are b; 
far the largest. However, this observation does not say that much, because Ell other is 
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Figure 6.11: Construction of environmental impact indicator in the three sub-sectors 
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constructed in a different way from the indicators Ell energy and Ell water. The mean value 
for the Ell of the three different sub-sectors does not differ that much, although 'consumptie 
milk' has the highest value. For the individual Ell sub-indicators, these differences are larger 
For Ell energy and Ell other, 'consumption milk' has a much higher mean value than it do« 
for the other two sub-sectors. For Ell water, the mean values do not vary that much berweer 
the different sub-sectors. For all three sub-sectors, Ell other is higher than Ell energy and EI 
water. When Ell energy and Ell water are analyzed, the values do not differ much withineac! 
sub-sector. However, in the sub-sector 'consumption milk', Ell energy has a higher value that 
Ell water, and, in the other two sub-sectors, Ell water has a higher, although not substantial 
higher, value than Ell energy. This means that no sub-sector seems to perform better« 
average on either energy or water management. 

Furthermore, it can be observed that the construction of the Ell for the production plants n 
the sub-sector 'cheese' is a little more irregular; in other words, it has a higher variance, thai 
in the sub-sectors 'consumption milk' and especially 'powder & industrial products'. Thi 
pattern could also be observed for the construction of the EOI (see Figure 6.10). However.« 
the sub-sector 'cheese', its Ell, the computed end-result of the three Ell sub-indicators, show 
the least variance of the three sub-sectors. It is interesting that the sub-sector 'consumptioi 
milk', shows the highest variance for the Ell and the lowest variance for the three Ell sub 
indicators, compared with the other two sub-sectors. 

In summary, it can be concluded that, at first sight, the overall environmental performance rj 
Dutch dairy production plants shows much less variation than when its detailed compositior. 
is analyzed. However, for the individual sub-indicators, large differences between individual 
production plants can be observed, where the sub-sector 'cheese' shows the most irregular 
pattern. In all three sub-sectors the Ell generally has a higher value than the EOI. 

Finally, it is interesting to look at the EPI and the EMIs at the firm level, by which is meant 
the average values of the production plants that are part of one firm. In practice, this mean; 
that for the two main corporations - FCDF and CM - these firm level values have to be 
calculated. In this calculation, each production plant has the same weight. The other 
production plants are either independent (i.e. a firm with only one dairy plant in the 
Netherlands, such as Swenty) or individually represent a corporation (i.e. a private firm with a 
small number of dairy plants, only one of which is participating in this study, i.e. Baars). Al 
the firm level, the patterns that can be generally observed, and which were discussed abo\e. 
are similar. However, the classification of the firms based on their EPI and EMIs does show ; 
difference. The values of the EPI and the EMIs of the individual production plants of the two 
main corporations are spread over the whole range. The aggregated values of the EPI and the 
EMIs of these two main corporations would be positioned somewhere in the middle group 
when measured against the whole population of dairy firms. Apparently, the major dairy firms 
do not (yet) have clear corporate control over their environmental performance. Possible 
causes for this observation will be discussed in the next chapter. 

'Ell other' comprises the amounts of normal and chemical waste, and soil, noise and smell management As 
result, this sub-indicator is less based on quantitative data than Ell energy and Ell water. 
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j.4 The validation of the environmental performance and management 
indicators by an expert panel 

fo validate the environmental performance indicator (EPI) and the environmental 
nanagement indicators (EMIs), not only have experts been interviewed, but also an expert 
lanel survey has been carried out (as described in Chapter 5, and see Annex 5.6). The expert 
tanel questionnaire was constructed from the same general categories as the environmental 
nanager questionnaire. Although the final composition of both the EPI and the EMIs differs 
'ram the composition of the expert panel questionnaire, a comparison of (sub-)indicators can 
K made. 

6.4.1 Environmental performance 

The experts were asked to give their opinion on a production plant's environmental 
performance on the following six categories: policy & strategy; regulation; procurement; 
production process; post-production; and, communication. With these results, the 
environmental performance was calculated, on the basis of the same weights as used in the 
construction of the environmental operational indicator (EOI) developed in this study. This 
calculated indicator is here called the computed environmental performance. The expert panel 
questionnaire did not ask for a judgement on the actual environmental impact of the 
panicipating production plants/7 Therefore, the experts' computed environmental 

rformance serves as an indicator to validate the EOI rather than the EPI. In addition, the 
experts were asked to give their opinion on the position of the diverse production plants 
within the sector regarding their environmental performance. This position will here be called 
the assessed environmental performance. The assessed environmental performance also best 
serves to validate the EOI of this study. 

Figure 6.12 shows the comparison of the EOI with the experts' computed and assessed 
environmental performance for each production plant. Both the computed and the assessed 
mean values of the computed and the assessed EPI are both very close to the mean value of 
'he EOI, as can be clearly seen in Table 6.10. However, the computed environmental 
performance shows on average a slightly lower value than the assessed environmental 
performance and the EOI. Nevertheless, because of the similarity of the patterns of the 
«pens' indicators and the EOI, it cannot therefore be concluded that the experts have a more 
negative picture of dairy production plants' environmental performance than the production 
plants' actual environmental performance. Furthermore, the variance of both the computed 

ithe assessed EPI is extremely low for all three sub-sectors. This means that the experts do 
not perceive that much difference between the dairy production plants' environmental 
performance as the plants' actual environmental performance measured in this study. It can be 
concluded, therefore, that the EOI of this study is generally validated by the expert panel. 

ĥen the experts' computed and assessed EPI are compared with the study's EPI, the 
differences are larger, which perfectly fits with the observation in Section 6.3 that the EPI 
generally has a higher value than EOI. The next step, on a more detailed level, is to compare 
'he study's sub-indicators with the sub-indicators as assessed by the experts. 

The specific knowledge required for a judgement of the environmental impact of dairy plants is quite difficult 
to grasp for an 'insider', let alone for an 'outsider'. 
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Figure 6.12: Comparison of the EOI with the experts' opinion on environmental performant 

A: The EOI and the computed environmental performance 

Case Number 

Cons, milk (1-8) Powder & ind. prod. (9-15) Cheese (16-25) 

B: The EOI and the assessed environmental performance 

Case Number 

Cons, milk (1-8) Powder & ind. prod. (9-15) Cheese (16-25) 

Table 6.10: The EOI, and the experts' computed and assessed environmental performance 
for the three sub-sectors 

ROT Computed environmental Assessed environmental 
performance experts* performance experts* 

Total CM P&I CM Total CM P&I CH Total CM P&I M 
25 8 7 10 23 7 7 9 23 7 

Mean 3.10 3.34 3.08 2.90 2.94 3.07 3.08 2.73 3.09 3.43 3.09 2-84 
Variance .27 .39 .26 .14 .10 .05 .06 .09 .24 .20 .06 M 

Minimum 2.04 2.04 2.25 2.42 2.17 2.83 2.75 2.17 2.33 2.67 2.83 2.33 
Maximum 3.93 3.92 3.93 3.51 3.49 3.49 3.47 3.15 4.00 4.00 3.60 3.S' 

Range 1.89 1.87 1.68 1.10 1.32 .66 .72 .98 1.67 1.33 .77 M 

For two production plants, the experts were not able to assess the environmental performance. 
CM: Consumption milk 
P&I: Powder & industrial products 
CH: Cheese 
Range: Difference between maximum and minimum value. 
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[For the sub-indicator regulation, it can be said that the values of the results of the study (for 
EOI regulation) are in general and on average much (more than one point) higher than the 
[value assessed by the experts. This difference is particularly large in the sub-sector 'cheese', 
as the experts perceive relatively poor compliance with environmental regulation in this sub-
sector. This is remarkable, as in our study the mean values of the EOI regulation for the three 
sub-sectors are very close to each other. Similar to the observations regarding the comparison 

| between the EOI, on the one hand, and the computed and assessed environmental 
performance on the other, the variance of the experts' assessment is extremely low in contrast 

I with the high variance of EOI regulation. This means that the experts do not perceive a large 
variation in the way dairy production plants deal with environmental regulation. Although it is 
bard to draw conclusions on the generally much lower value of the experts' indicators 
compared with the measurement tool of this study regarding production plants' attitude 
towards environmental regulation, it would seem that the expert panel has a more negative 
perception than the actually measured attitude. Moreover, the experts' perception is that there 
h an obvious difference in dealing with environmental regulation between the three different 
sub-sectors, but that there is hardly any variation in this attitude within each sub-sector. The 
results of this study show, on the contrary, that the mean values of the three sub-sectors are 
very close, but that the variation within each sub-sector is rather large. Therefore, it can be 
concluded that the expert panel does not provide a validation for the measurement tool of this 
study regarding the attitude towards environmental regulation. 

The same observations apply, more or less, to the sub-indicator procurement as to the sub-
indicator regulation. However, there are two main differences. First, the sub-sector 'powder & 
industrial products' has similar average values both for EOI procurement and for the experts' 
assessment regarding procurement. Second, as already discussed, EOI procurement has an 
extremely high variance in all three sub-sectors, which means that the difference with the 
experts' assessment of low variance is even larger. It can be concluded, therefore, that the 
expert panel does not provide a strong validation for the measurement tool of this study 
regarding environmental procurement. 

For the sub-indicator related to production process, it can be observed that for all three sub-
sectors the value of the results of our study (EOI technical process & product measures) is 
generally very close to the value assessed by the experts. However, for the sub-sector 
'consumption milk' our EOI sub-indicator shows a slightly higher average value than the 
experts' assessment; for the two other sub-sectors, the opposite holds. The variances also have 
•alues that are close to each other, although the overall EOI has a slightly higher variance for 
all three sub-sectors. It can be concluded that the expert panel provides a validation for the 
study's EOI technical process & product measures. 

finally, for the sub-indicator post-production, it can be observed that the value assessed by 
'be experts follows the same pattern as the value of the results of the study (EOI post-
production) in terms of both peaks and troughs. The mean values for each sub-sector are very 
close. However, again the variances for each sub-sector are moderately higher for the 
measurement tool of this study than for the assessment of the experts. This means that, 
regarding the management of environmental effects in the post-production stage, the experts 
only perceive substantial variation between the sub-sectors, rather than within each sub-
sector. However, it can be concluded that the expert panel provides a validation for the 
measurement tool of this study regarding the post-production management of environmental 
effects. 
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Overall, it can be concluded that the expert panel survey on dairy production plant' 
environmental performance does support the validity of the developed tool to meastit 
environmental performance, as both the computed and assessed experts' value of 
environmental performance generally show the same pattern as the EOl. However, for the 
sub-indicators regarding regulation and procurement, this validation does not hold, as tbi 
experts' perception varies substantially from the measurement results of this study. It i 
remarkable that the experts generally perceive much less variation within each sub-sector fa 
the diverse sub-indicators than the results of this study reveal. This might be explained by t 
difficulty for 'outsiders' to assess separate components of a dairy plant's environment 
performance. 

6.4.2 The environmental management indicators 

Of the four environmental management indicators (EMIs) distinguished in the research model. 
only EMI policy & strategy and EMI communication were suitable for validation by tht 
expert panel survey, as these indicators formed a separate category in the experts' 
questionnaire. Although the EMI organization structure was partly measured by means of the 
environmental manager questionnaire, this indicator was not included as a separate categon 
in the experts' questionnaire, which means that the validation of this indicator by the expert 
panel survey was not possible. The fourth EMI, environmental management commitment.»;' 
neither measured by means of the environmental management questionnaire nor included a>: 
separate category in the experts' questionnaire. 

Figure 6.13 shows the comparison of the EMI policy & strategy with the experts' sub-
indicator policy & strategy. It can be observed that generally both the measured and perceived 
(by the experts) indicators follow the same pattern, although the experts generally attribute -

Figure 6.13: Comparison of the EMI policy & strategy with the experts' perception of 
environmental policy & strategy* 

Perception fliti pt 

& slra! By eiperts 

Case Number 

Cons, milk (1-8) Powder & ind. prod. (9-15) Cheese (16-25) 
* For case no. 16, no bar is shown for the experts' assessment because none of the experts filled out an opm; ' 

on this case for this particular sub-indicator. 

The reason why the structure of the expert panel questionnaire did not correspond to the structure ol the EPI 
and EMIs is that these indicators were constructed after the empirical study. This apparently 
sequence was a necessary result of the exploratory character of this study. 
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For case no. 16, no bar is shown for the experts' assessment because none of the experts filled out an opinion 
on Ihis case for this particular sub-indicator. 

Islishtly lower value to this indicator. Similar to the other experts' assessments, the variance in 
|each sub-sector perceived by the experts is much lower than the measurement results revealed 

our study regarding environmental strategy and policy. However, it can be generally 
ncluded that the expert panel survey supports the validity of the EMI strategy and policy. 

IFisure 6.14 shows the comparison of the EMI communication with the experts' sub-indicator 
mmunication. It can be observed that both the measured and the perceived (by the experts) 
dicators follow the same pattern. It is remarkable, however, that, in the sub-sectors 
onsumption milk' and 'powder & industrial products', the perceived environmental 
mmunication is in general much higher than the measured environmental communication. 

Figure 6.14: Comparison of the EMI communication with the experts' perception of 
environmental communication* 

| E M I Communication 

Perception env com 

fay experts 

Cons, milk (1-8) Powder & ind. (9-15) Cheese ( 16-25) 
'For cases no. 8 and 16, no bar is shown for the experts' assessment because none of the experts filled out an 
opinion on these cases on this particular sub-indicator. 

For the sub-sector 'cheese', the values for EMI communication are very close, whereas the 
experts perceive much more intensive environmental communication in the other two sub-
actors, 'consumption milk' and 'powder & industrial products', than is measured in this 
study. For environmental communication, it also holds that the variation within each sub
sector is much higher for the measurement results of this study, than is perceived by the 
everts. As, however, the observed general trends of the indicators are similar for both the 
experts' assessment and the measurement results of this study, it can be concluded that the 
spert panel survey supports the validity of the EMI communication. 

Now that the environmental performance indicator (EPI) and the environmental management 
"Jicators (EMIs) have been either measured or assessed, the next chapter will focus on 
Mswering and then testing the sub-questions and hypotheses, as formulated in Chapter 3. The 
relations between internal organizational and corporate characteristics and business 
environmental factors, on the one hand, and environmental performance, on the other, will be 
anner analyzed. Moreover, the possible role of EMIs in this relation will be discussed. 




