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1. Introduction
The first part of the paper will briefly describe the national differences in energy
policy. In the second part of the paper the results of empirical research will be
analyzed. In the third part of the paper the findings will be integrated in a broader
general framework on investment in energy related technologies. In the last part
the implications for the analysis of environmental behavior of companies will be
addressed.
2. Energy efficiency
Environmental and energy policy today are confronted with the essential burden of reducing CO2
emissions in order to mitigate global warming. Drastic change of economic growth paths and
speed is not the order of the day, and in the margins of academic attention fierce debate on
whether or not technical innovation will contribute sufficiently to increase wealth with diminished
environmental impact. Energy conservation and technical change directed at efficient technologies
is regarded as one of the main means of reducing CO2 emissions in the short run. It has been
shown that the cost of reducing energy demand by the implementation of more energy efficient
technologies in manufacturing is reasonable low. In fact it has been argued that a significant
number of conservation measures can be taken that would fit well with the ‘normal’ economic
criteria for investment in the economy.[Blok, 1993 #1349] However, it is also noticed that
industry is not implementing all of the concerned technologies. Even those promising both from
an economic point of view and from an environmental point of view are often neglected. In the
energy literature this has been referred to as the efficiency gap. [DeCanio, 1993 #1352]
Innovation within production organizations is geared towards the continued existence of firms.
The innovation patterns in industry can be investigated in many different ways. In most cases the
relation between company attitude towards energy technologies and a rational paradigm of
decision making is compared. However, the different studies in this area based for instance on
company surveys do not show a very high level of explanation of variance between companies.
And one of the main elements remains to identify possible options for the intervention by
government action into the various practices. Thus in our study we have chosen for an approach
where we remained quite close to the actual decision process and focussed on the configurations
of influence in which actual adoption of energy technologies took place. The approach of
interpretative qualitative assessment of these processes is more aware of the findings in studies on
organizational behavior and technological innovation.
Secondly, the implementation of various more energy efficient technologies in industry provides
us for the purpose of this paper with an indication, of the effectiveness of changes in

organizational behavior in industry in implementing more sustainable production techniques.
Phrased differently do companies invest in the environment when there is an economic or
technical opportunity to do so and which organizational factors influence this willingness? In this
respect manufacturing industry a key to sustainable production.
2. Energy innovation behavior
Data from a total of 11 firms were collected in qualitative case studies. The basic characteristics of
the cases are given in Table 1.
Tabel 1 Case studies
Sector

Production type

Number of cases

Countries

Paper industry

Integrated

4

NL/UK/IT/DK

Metal/foundry

Integrated

4

NL/UK/UK/DK

Polymer

Modular

2

NL/IT

Food

Modular

1

DK

In the cases a specific effort was aimed at establishing the manner in which investments in
energy-efficient technologies are integrated in companies. The general finding was that decision
patterns are highly similar to those on other innovations. This can be translated into decisions to
adopt state-of-the-art, well-tested equipment. Managers responsible for the acquisition of relevant
technologies base their decisions mainly on the information acquired from their formal and
informal networks and importantly also look at their competitors. While internally the formal
method for appraisal is based on investment appraisal the information provided also shows a
divergence with regard to the type of investment. If energy technology is related to core processes
and help to improve quality and dependability of the processes involved pay back periods
established may be quite long. For instance the investment in CHP in one of the cases was argued
in part on the basis of the need for uninterrupted supply of energy. The other type of cases where
energy investments are competing with other investments within the company usually received
approval when pay back periods are relatively short (between 1 and 2 years). The first case shows
that technology investment close to the core of the companies existence is treated different.
The main conclusion was that even the most progressive and aware firms regard energy
technologies mainly as technical issues. Therefore the manner in which energy technologies are
introduced into company practice is based on their appeal on the agendas of basically technical
people. I.e. the production manager and the energy manager are the ones that need to instigate
changes. This can be translated into an organizational barrier, as companies are increasingly
oriented towards external and more specifically financial and market appraisal, the perception that
energy issues are part of the ‘engineers agenda’ may mean that it is not an essential part of
strategic decision–making. This places such investments mainly in the context of cost. In only one
case were the requirements within the core of the organization translated into energy relevant
criteria for appraisal of personnel. In most other cases the production security, the production
volume and market conditions determined whether any additional attention was paid to energy
technologies. Some interesting observations could be made on other aspects. While

progressiveness and green imagery paid a role in the attention internal in the companies towards
energy and environmental issues its main manifestation was in some ways superficial and
rhetorical. The more progressive companies paid attention to energy issues by having an energy
plan, an energy manager and an indicated interest and information on potential opportunities for
saving energy. However, when these companies were confronted with lists of actual measures that
could be taken it seemed that environmental and energy awareness are not always translated in
actual investments. For instance, one of the companies argued that its products were
environmentally relevant anyway, that life cycle analysis of energy use showed its end-use to be
more important etc. Nevertheless there were cost effective options for energy efficient
technologies that were not implemented by this company because it deemed attention tot the
expansion of production capacity more important than the attention to investment in production
related energy efficiency. In other cases the attention to energy issues was related mainly to
options like the balancing of loads, for instance metal melting and other energy intensive activities
were performed during off-peak hours.
Thus a threefold distinction emerges that need not to coincide: (1) attention to environmental and
energy matters at the management level; (2) internal attention to energy efficiency as part of a
technological paradigm; and (3) differentiation in the awareness for different technologies.
A second element of systematic comparison of the case studies in this case is not only a company
and sectoral difference but also the differences between national contexts. A brief summary and
usually made distinction is one between progressive environmental regulation as in the cases of
Denmark and the Netherlands and more market UK or disjointed regulation as in the case of Italy.
Of course there are additional differences between these countries, for instance the
progressiveness of the energy sector, the type of energy sources and the structure of the energy
market especially with regard to delivering energy back differ between these countries.
Nevertheless, these factors when judged on the relevant outcome, investment in energy efficient
technologies, was much less pronounced in the comparison of the cases than we expected.
The integration of the various findings suggests that the systematic element to compare the
patterns of take-up (or lack thereof) can be understood by taking into account the scope of
consideration given to different types of energy technology. This can be represented as sets of
organizational routines that limit the set of technologies that are considered for implementation in
the specific organization. In traditional views technologies are adopted or rejected based on a
rational assessment of their merits. In this case technologies may be adopted because they have
the right pay back period and fit into other criteria for internal decision making. Whether this
process is based on rational weighting of criteria or not, may be scope for debate. However, in
addition and more important we think, technologies may also fall outside consideration because
their implication in terms of organizational routines is beyond the scope of the decision-makers.
For instance they may have a risk of disrupting the flow of production, or they interfere in the
interactions between different departments with different responsibilities within the firm.
Therefore we suggest that the key to understanding the take-up of energy technologies resides in
the way in which they fit in with the perceptions of the different organizational sub units, as well
as the overall pattern of social interaction within the company. In addition the case studies showed
that such positions and interactions relevant to adoption of energy technologies are shaped by the
history of attention to similar investments.
Crucial to the understanding are company specific elements, we call this the corporate energy
stance. The determination of actual take-up is directly linked to the technical nature of the
production process. However the external pressures also shape the actual behavior. Thus at a third
level of interaction persons interviewed pointed towards the effects of national energy supply and

regulatory regimes as well as the nature of the markets in which the companies operated. At the
last level also important elements evoked related to the linkages between firm behavior,
competitors, suppliers and customers.
Therefore as the general framework three levels of explanation that are related to each other
emerge. Within the firm the scope of consideration for individual energy investment decisions is
the crucial arena in which decisions are taken. In relative simple decisions where not many
internal groups are involved, the decision falls rather straightforward within the limits of the
professional or organizational unit concerned. Thus product managers, energy managers of
technical consultants make use of their basic decision making power within financial bounds of
their departments. However, whenever energy decisions are taken to other areas of competence
within the firm the way in which the decision is framed influences the reaction by the other parties
within the firm. Thus at the second level what we have called the corporate stance and the sociotechnical characteristics influence the way in which technologies are considered for investment.
Framing at this level is important because energy investments compete with other investment
opportunities not so much for money per se but for attention by general and top management. At
the last and third level of interaction the stance on energy and the socio-technical characteristics
are influenced by energy regulation, markets in which the firm operates and the way in which it
relates with other firms.
As a last conclusion form the case studies we concluded that there were different behavioral
patterns on energy issues that were rather pervasive within the companies studied. Such persistent
pattern can be called ‘corporate stances’ towards energy matters. Each stance describes and
typifies the outcome of routine interactions of action and negotiation between influential members
within the organization. The case studies illustrated that this process is self-reinforcing. The
stances in this respect provide a dominant logic of action that motivates key people. In the studies
four different patterns emerged.
First, firms that have a proactive attitude towards energy saving and the use of energy
technologies. Companies that are exemplars of this attitude perceive primary and secondary
production processes, energy production and control devices in an integrated way and tackle
energy issues with a systematic approach. They also have energy issues prominently on the
agenda and promote innovation and research for new solutions in this area. Accounting and
reporting practices internally are aligned with this attitude, thus enabling control of energy related
costs and savings. At the same time energy matters in daily routines and are considered an
integrated part of decisions on other company affairs.
Second, some firms exhibit a reactive attitude. This means that actions within the firm are driven
by events that catch the attention. In our cases it does not mean that this stance is negative with
regard to the adoption of efficient technologies. The main characteristic is that decision maing is
fragmentary in nature and driven by opportunity or necessity of the moment. A long teeeerm
broad strategy is absent, energy technologies are introduced piece meal and it seems as if add-ons
are preferred to reorganization of production processes. In a different phrase the energy related
innovations are not part of consistent learning pattern.
A third stance inactive identified in our research refers to firms that are fully aware of
opportunities to reduce energy consumption, but do not act. One reason may be that they see no
sufficient returns on investments. This is as mentioned before often not phrased in terms of
financial requirements but in terms of perceived scope and the organizational effort to be put into
the effort. One element of which is the rather low social stability that energy matters have

(through tariffs and organization of the energy market) when company life span of current
production equipment is relatively short.
Lastly a fourth possibility of an unaware stance on energy matters is a possibility. In the other part
of our research it became clear that there is still a substantial number of rims that are scarcely
aware of the existence of opportunities provided by the international pursuit of energy saving
technologies. It they happen to adopt energy-efficient technologies it is because they do it by
accident, for instance through suppliers that sell the best technologies when they upgrade existing
plant.
The four attitudes described above appeared to be self-perpetuating. This is a consequence of the
location of such decisions within the organizational framing of dominant groups. The power
influence in companies tends to be reproduced and reinforced. Therefore issues within a company
tend to acquire a line of heritage that determines what will be done in future cases.
For example, in companies where a reactive stance prevails, innovation initiatives introduced a the
shop floor level may not be taken up by the managers at the company level. Because energy
innovations introduced in the manufacturing process conflict with established routines of
perceiving energy issues as low priority they fail to penetrate into the organization’s awareness.
This process is reinforced through the existing reporting and accounting priorities. Thus
successful initiatives are not recorded in the memory of the company. The salience of energy
issues remains low, and it is likely that subsequent initiatives remain similar ‘one-offs’. The
innovation process itself is obscured from view by the strategic decision-makers and the low
interest in the potential of energy innovation is reinforced.
3. Learning to handle energy technology
In order to learn more about the manner in which energy technologies are treated we chose two of
the four sectors represented within the qualitative study for a survey. A survey was administered
to firms in the paper and metal foundry industry in 6 EC countries (Germany, Denmark, Sweden,
Netherlands, Italy and United Kingdom). Responses were obtained from 93 firms, 42 in the paper
industry and 51 foundries. The SME formed the largest portion of the sample (60%) and
dominated in the foundry industry (78%). Most paper companies were large (61%). The energy
intensity was substantial with on average 10% of cost attributed directly to energy costs.
It was proposed above that the take up of energy efficient is related tot the role of different
behavioural patterns within the firm. In order to overcome the organisational inertia that is in a
way logical when discussing innovations technologies do not only exhibit different physical and
economic characteristics, they also have different meaning within the organisation. Technologies
are related to different rationality’s and have an effect on different constituencies within the firm.
In this respect the 11 technologies were sub-divided into 3 broad categories:
1. Housekeeping initiatives, that is initiatives targeted at saving energy without affecting the
production process or requiring new installations to be run. (e.g. improved efficiencies in
lighting, plant heating and cooling systems)
2. Supply installations that is installations –no matter how big or complicated, which do not
interfere with the existing core processes. Examples of such technologies are energy efficient
pumps and motors, combined heat and power systems and such.

3. Core production processes and cycle modifications, which include energy efficiency, related
modifications of the core production processes, low energy dryers in the paper production, of
energy efficient melting furnaces for heating of retaining ovens in the foundry industry.
As an approximation of institutionalization the presence of energy managers with responsibility
for the implementing energy policies and monitoring internally and externally the energy issues.
The countries were divided into three groups considered to have different regulatory regimes.
The results of the survey confirmed the qualitative research. Indeed the energy technologies were
treated differently. The differential level of take-up of house keeping initiatives and add-ons
versus core process innovations, combined with the high priority accorded to the perceived
potential disruption and the risk that the new technology is likely to produce in core production.
With regard to the learning processes identified in the previous section, the survey results suggest
that a higher level of take-up is consistent with a pattern of first learning to integrate less complex
technologies. Moreover, the identification of various measures as having been taken up in the past
followed a pattern in which the dynamic suggests that firms acquire more confidence and trust in
investing in energy innovation over time. It might be that the underlying explanation for a
maturity model for innovation in energy technology is based on increasing institutionalization of
energy issues within the firm. This in turn reinforces the analytical distinction on corporate stance
suggested in the previous section.
The factors that influence the stance on energy issues were identified as institutional pressure,
economic and market and social influences.
Institutional pressure influences the internal configuration around energy issues. The number of
addressed groups in the firm may vary --e.g. in the case of the Netherlands because of voluntary
agreements the liaison people with branch organizations and therefore usually top management
but occasionally (because of institutionalization of the function itself) the energy managers, and in
the case of Denmark top management because of individual contracts with the firms -- the number
of involved sub-groups is larger. Therefore the energy innovations are more important to a larger
and more diverse constituency within the firm.
The survey also confirmed the significance of market influences. Firms respond to the behavior of
competitors. This true for all firms and is not a prerogative of large firms only as had been
hypothesizes earlier in the study. Size influences take up, in the sense that the same level of
awareness in SME´s led to a more reactive attitude. Finally, market pressures to respond to either
environmental or energy concerns were not related, they are dealt with separately especially in the
larger organizations.
The survey underlined that business rationality plays a determinant role in the take up of energy
innovations. However, it also revealed that there is no significant relation between the reasons
given for paying attention to energy issues and the actual adoption of identified technologies. A
possible explanation may be that economic and financial categories are the dominant one used and
accepted by top and middle managers. Economic and financial concerns therefore are central to
consideration of anyone within the firm wanting to put something on the agenda. In the survey
results themselves it was apparent that institutional pressures from public policy and inter firm
linkages were at least as important to frame energy issues within the firms.
One of the more intriguing findings was that while firms acknowledged the possible influence of
environmental groups and their concerns and some of them institutionalized mechanisms to deal
with such issues the adoption of energy relevant technologies was not influenced with different
attitudes vis a vis the environment.
4. Conclusion and discussion

In this study a use was made of a combination of methods. In the more intense qualitative studies
a common understanding on the relevant organization issue arose. In the subsequent survey a
slightly different pattern emerged.
The general outcomes also raise some questions for discussion:
a. Many studies that measure responses to environmental challenges measure intended or
organizational adaptations, in our case intended behavior does not correlate straightforward
with the actual adoption of technologies relevant to the environment.
b. What methods for influencing the environmental performance of companies would fit with the
proposed model of contextual change?

