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Abstract

Global competition, commitment to the Kyoto Protocol and a deregulated, integrated European electricity market will in all

probability increase the demand for energy efficiency on the part of companies in Sweden. Investment decisions are an important

part of meeting the new demands, because they decide the future efficiency of industrial energy systems. The objective of this study is

to investigate, from a managerial perspective, the need to improve decision support in some industries, which can help to facilitate

and improve investment decisions concerning energy efficiency. This work has been conducted through in-depth interviews with

representatives for a number of energy-intensive companies and non-energy-intensive companies from different sectors. One need

that was identified was the improvement of working methods in order to support the decision-making process. Here, external players

seem to be playing an increasingly important role. Access to correct information, better follow-up activities, and transparent,

understandable calculations are also considered to be important. The study will form the foundation for subsequent work on

decision support and energy efficiency in industry.

r 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

A company should ideally be economically sustain-
able in the long run, which is linked to the fact that a
company must fulfill a number of needs to satisfy all its
various stakeholders. Increasing global competition puts
high demands on companies, one of which is an
increased demand for cost efficiency. One important
factor in reaching higher cost efficiency is the investment
decisions affecting industrial production systems over
the economic lifetime of the investments, a period that
can range from 1 to 40 years. Moreover, investments
made today also determine which technology will be
developed and used profitably in the future.
Changing external conditions have a decisive influ-

ence on investment decisions. Environment-related
conditions, in particular, have changed drastically over
recent years. With the Kyoto Protocol, many countries
promised to decrease the total emission of carbon
dioxide (CO2) equivalents. The industrialised countries

promised a 5.2% decrease compared to 1990 levels, as a
mean value for the 2008–2012 period. The European
Union’s commitment is an 8% decrease (UNFCCC,
1997), but due to the burden-sharing agreement Sweden
is allowed to increase its CO2 emissions by 4% (CEC,
1999). Actually, the Swedish government’s proposed
internal goal is a 4% decrease in CO2 emissions
(Swedish Government, 2001). In context, industrial
emissions accounted for 43% of the total CO2 emissions
in the world in 1995 and industry therefore has an
important role to play in reaching the environmental
goals (IPCC, 2001). In Sweden, industry was responsible
for 40% of the energy usage and 30% of the CO2
emissions1 in 2000 (Swedish Energy Agency, 2001;
Statistics Sweden, 2002). Industrial demand-side man-
agement is therefore an important measure in reaching
the Swedish environmental goals. Another reason why
Swedish industries should increase their focus on
demand-side management is the probable increase
in electricity prices caused by the imminent free trading
in electricity in Europe.
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2. Objective

The objective of this study is to investigate, from a
managerial perspective, the need to improve decision
support in some industries, which can help to facilitate
and improve investment decisions concerning energy
efficiency.

3. Method and outline of the paper

This study is based on personal in-depth interviews
including 14 representatives from nine companies in
Sweden.2 Interviewing was the chosen method because
of the study’s explorative character. The criterion for
selecting respondents was to get an overview of the two
sectors energy-intensive companies (EICs) and non-
energy-intensive companies (NEICs), with the focus on
large companies. Their size ranged from h2 billion to
h14 billion and from 10,000 to 70,000 employees.3 From
the criterion of large companies, the study objects were
chosen randomly, although our department had already
established contacts with some of them. In order to
increase the construct and external validity, different
types of manager from different industries were chosen
(Yin, 1994). The companies selected were in the pulp
and paper (2 companies, 4 respondents), steel (1
company, 1 respondent), and chemical (1 company, 1
respondent) sectors,4 which are defined as EICs, and
manufacturing (3 companies, 4 respondents) and the
food industry (2 companies, 4 respondents), defined as
NEICs.5

Respondents were selected on the basis of the
questionnaire. We started by calling the reception desk
at a company’s head office, or the people our depart-
ment already had contact with, and asked to speak to a
person who could answer the type of questions we
wished to put, and after one or a few calls we were put in
touch with a suitable person. The respondents chosen
were also required to have some form of corporate
responsibility (i.e. to have good corporate knowledge)
and they were often located at the company’s head
office. The respondents interviewed can be divided into

three categories: people responsible for energy ques-
tions, such as managers for energy, maintenance, real
estate and facilities (7 respondents), and those respon-
sible for economic matters (3 respondents), such as
financial controllers and financial managers. The third
category comprised technical directors (4 respondents),
who have a more comprehensive responsibility. How-
ever, several of the energy-responsible respondents
proved to have adequate knowledge to answer both
energy- and economy-related questions. The interviews
were based on a questionnaire with questions of open-
ended nature and each interview lasted about 1.5 h. All
interviews were taped and transcribed to minimise loss
and distortion of information. The respondents were
also sent the written interview for their comments.6 The
interviews were conducted from April to June 2001.
To fulfill the objective of the study it was important

not only to ask direct questions (Sapsford, 1999; Yin,
1994) about the need for decision support, but also to
get a holistic understanding of important aspects in the
investment process. The interviews therefore included
several aspects connected to the companies’ investment
process, e.g. auditing and monitoring, investment
routines, risk management, follow-up and knowledge
transfer. It is recognised that all these aspects are
integrated in the real process, but for the sake of clarity
they are treated separately in this paper. Some quota-
tions are used to emphasise certain aspects, and in order
to illustrate possible differences between EICs and
NEICs, a distinction is made between them in the
empirical work.7 Any significant differences within the
groups are also noted in the text.
Note that in this paper decision support is seen in a

broad perspective, i.e. not including only quantitative
software tools to assess financial benefits. Decision
support is defined as systems that help decision makers
to improve and facilitate investment decisions from a
corporate viewpoint. This is another reason why such
matters as auditing, investment routines, risk manage-
ment and follow-up activities are included in the study.

4. Investment theory

Investments mainly arise because there are constant
changes in a company’s supply chain, e.g. machines
wear out, new technology becomes available, or market
demand, prices and legal requirements change. To
remain competitive, each part of a company must be
adequately efficient; investments are a crucial way of
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dealing with these changing conditions. To exemplify,
investments can be divided into several different types,
e.g. capacity, new, quality improving, productivity,
environmental, replacement, maintenance, and research
and development investments. Decision making in
organisations is a complex process; Simon (1997) treats
several aspects in his epoch-making book Administrative

behavior. He means that limits of rationality in decisions
derive from the inability of the human brain to handle
all aspects involved. Furthermore, he discusses the
problem of choice, which concerns describing the
consequences, evaluating and connecting to behaviour
alternatives, analysing the problem of efficiency and the
nature of communication. Due to this complexity in
decision making, Simon states that a satisfying ap-
proach is more realistic than the economic theories
about maximising.
Reasons that affect energy efficiency have been

investigated by researchers such as de Groot et al.
(2001), Ramesohl et al. (1997) and Velthuijsen (1995).8

Velthuijsen (1995) found that favourable market condi-
tions, short pay-back time and a low degree of risk for
investments generally seem to be the most important
incentives for investing in energy conservation. Velthuij-
sen also concludes that companies that perform better
than others with regard to energy efficiency are, e.g.
more risk averse, use more knowledge sources, have a
greater awareness of information, use large amounts of
energy, have a complex organisation and prioritise
energy conservation. De Groot et al. (2001) conclude
that the most important impediments to not (yet)
investing in energy-saving technologies are the existence
of other, more attractive investment opportunities,
incomplete depreciation of the existing capital stock
and that energy costs are not sufficiently important.
Ramesohl et al. (1997), who investigated the imple-

mentation of energy efficiency in industrial, commerce
and service companies, argue that the actors’ behaviour
is not exclusively rational, but is also affected by their
subjective perception of organisational culture and
social reality. Their results show that subjective motives
can affect decisions concerning energy efficiency in both
a positive and a negative direction. Energy efficiency can
be ignored due to such factors as scarce personnel, who
are concentrated on core production issues like output
and quality. On the other hand, energy efficiency can be
motivated by pure economic cost cutting or a general
environmental concern driven by an ecological philoso-
phy. Ramesohl et al. also argue that a lack of objective
decision parameters underlines the subjective character

of profitability assessment; whether a project can be
realised is instead very often question of personality.
External factors that can provide decisive pushes toward
ecological activity are environmental regulations or
environmental pressure from customers who demand
clean products. Ramesohl et al. also claim that external
know-how is often of crucial importance, because
consultants or networks provide impetus, information
and concrete know-how for solutions that cannot be
built up within the company itself.

4.1. Energy auditing, monitoring and benchmarking

Energy monitoring is one way to get information for
making efficiency plans and comparisons between
factories. Such benchmarking activities may be impor-
tant to identify investment opportunities and promote
knowledge transfer. Energy audits are also a way to
identify opportunities for energy-related investment.
Note that energy auditing and monitoring are strongly
connected to follow-up and knowledge transfer activ-
ities, which are dealt with later in this paper. Ramesohl
et al. (1997) conclude that in a good many cases
companies do not know the exact quantitative saving
effect of conservation measures, due to insufficient
monitoring and measurement. In their study of factors
that influence a firm’s decision to invest in energy
efficiency, Harris et al. (2000)9 found both that energy
audit programs conducted were cost effective and that
the implementation rates were high. About five out of
every six suggestions from the energy audit were
implemented, with the aid of government subsidies.
Analysis, however, indicated that the energy audits
would have been worthwhile for the firms in any case.
Tonn and Martin (2000) found that firms reporting
energy-savings opportunities frequently or very fre-
quently went from 17% before the Industrial Assess-
ment Center energy assessment to 77% afterwards. The
corresponding figures for implementation of energy-
saving measures were 8% before and 62% after the
assessment. In their proposed model for describing
energy efficiency decision making, Tonn et al. emphasise
the importance of a continuous process and use of
several complementary methods.

4.1.1. EICs on the subject of energy auditing, monitoring

and benchmarking

According to the interviews, the EICs measure energy
flows to a varying degree. One reason for the variation is
that different industries have to deal with different
physical conditions. In the steel industry it is difficult to
measure physical reality, since many processes occur at
temperatures where most materials melt, including the
measuring equipment. For that reason, they often
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calculate energy use from other data that are known,
instead of measuring it directly. Within the other
industries it is easier to measure the energy flows
directly. One respondent says that monitoring has
improved during recent years; today, many energy
flows are measured daily at larger factories. One general
similarity is that all of them monitor electricity better
than steam, because electricity usage is easier to
measure. ‘‘Measuring systems are low cost, but they
must be well motivated or else the money will go to
other things.’’ (Energy manager, 2001-06-05).
Some respondents say that they have an audit system,

where corporate specialists investigate the energy situa-
tion, report, and come up with suggestions, but it is up
to each factory to decide what should be done. Other
respondents say that consultants are also used for this
activity. Statistics are collected to varying degrees; one
reason why they are not used at full scale is that it is
considered to involve too much work. Benchmarking
between factories is sent in aggregated form to each
factory, so they can see their performance compared to
others and whether they have something to learn.

4.1.2. NEICs on the subject of energy auditing,

monitoring and benchmarking

According to the interviews, the NEICs monitor and
measure energy usage to a small extent. When a
company builds a new factory, material and energy
balances are established to get a comprehensive view, so
no material or energy flows are missing, but there is
seldom any follow-up. Where energy audits are made,
they seldom lead to any investment in energy conserva-
tion, because it is considered to be more profitable to do
nothing. Several of the interviewees believed that the
major, profitable energy-saving opportunities have
already been realised. At one company the respondents
say that they have measured extensively and know
which activities use a large amount of energy, e.g.
compressed air, but ‘‘ythe momentum died somehow.’’
(Energy manager, 2001-05-18). Measurements of energy
use are also made to establish correct internal debits.
Several respondents say that it is important that the
major users are measured correctly, but often they
estimate because they seldom have the measuring points
they want. The respondents say that electricity is easier
to measure than steam and that it is often consultants
and energy suppliers who initiate energy studies.
Little energy benchmarking is performed—and at

some companies not at all. One reason for this is that it
can be difficult to perform benchmarking when the
activities at different factories do not correspond.
Another reason is that the staff resources are scarce,
so there are little or no resources available for
benchmarking, ‘‘The activities must be cut down to
the real need.’’ (Director of real estate and facilities,
2001-06-06). Where benchmarking is performed, the

information about energy use is spread to the factories,
and it is then up to the individual factory manager to
decide what will be done.

4.2. Investment routines

Considering investment routines, important activities
include identification of investment opportunities, alter-
native generation, evaluation and choice, budgeting and
construction of feasibility studies. There are a large
number of calculation alternatives available for use in
estimating an investment’s profitability. Three of the
most common are pay-off, internal rate of return (IRR)
and net present value (NPV), according to, e.g.
Andersson (1994) and Harris et al. (2000), who made
surveys of energy investments. NPV is generally
considered to be the method that provides the most
correct basis for decision. It is promoted because it takes
discount rate into consideration, and includes the whole
investment’s lifetime. Moreover, several investments can
be added correctly, according to Brealey and Myers
(2000). Pay-off and IRR do not yield the correct
evaluation as easily as NPV does. For example, pay-
off does not take into account what happens after the
investment’s pay-off time and does not always include
the discount rate. The main drawback with IRR is that
it is considered to be more difficult to handle than NPV,
which makes it easier to make mistakes. In spite of this,
Harris et al. (2000) show that of the investigated
companies, approximately 80% use the pay-off period
for evaluating investments, 53% IRR and 30% NPV.10

In addition to general economic calculations, various
technical calculations are used specifically within certain
areas of activity, e.g. energy models. One very important
aspect is the information that the calculations are based
on. Therefore, sensitivity analysis can be conducted in
order to evaluate the information influence and measure
the stability of the investment. Moreover, there are other
non-financial benefits that can affect investment deci-
sions. For example, Pye and McKane (2000) and
Ramesohl et al. (1997) argue that there are several
non-financial benefits of making energy efficiency
investments. In addition to reduced energy costs, other
benefits include better working conditions, greater staff
motivation, higher quality and productivity, raw mate-
rial savings, reduced emissions, extended equipment life
and reduced maintenance requirements.

4.2.1. EICs on the subject of investment routines

The interviewed companies are decentralised and each
individual factory is responsible for its own investments
and development. This system is considered to work
well, but one drawback concerning investments is that it
can be sub-optimal from a corporate perspective. This is
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because the management of different factories varies in
activity level and it is not certain that it is best to invest
in the factory with the most active management. It is
important, though, to support ideas from the factories,
since if too many are turned down, ideas will stop
coming.
Concerning the investment routines, an application

for investment funds is made, submitted and then
approved at different levels depending on the size of
the investment. Two of the respondents mean that this is
a factor that slows down the organisation. Most
investment proposals come from the individual respon-
sible, but strategic and structural investments come
primarily from the corporate management. The need for
energy-related investments is largely established by the
engineers responsible for operations or energy and
through central energy audits. Initiatives can also come
through contacts between colleagues inside and outside
the company, investigations within research and devel-
opment work, and from energy suppliers. One respon-
dent points out that the focus is always at the place
where there is most trouble and that requirements
are often established by failure. He also says that the
company historically has probably invested too much
and that the investment rate has now fallen off, making
it harder to get an investment proposal approved
When an application is approved, the person respon-

sible sets up a project organisation. Sometimes people
are called in from other parts of the company and if the
company lacks the necessary knowledge, consultants are
hired. It is important that the investment process is
driven forward and that access to adequate competence
is available when needed. One respondent says that
people should be called in quickly and dismissed as soon
as their task is done, or their time will become a burden.
‘‘Good investments should be performed faster’’ (En-
ergy manager, 2001-06-05). Common project manage-
ment systems that systematise projects and allow
everyone in the organisation to ‘‘speak the same
language’’ are seen as a positive development. It is
usual that the companies have guidelines for larger
investment projects, a handbook, so nothing is for-
gotten. If something goes wrong it can be better to
proceed with the project without changes, because
delays and changes are costly. Instead they may try to
fix shortcomings later. A similar situation can occur
when a company is growing, such as when buying
factories with low energy efficiency. No one is directly
dissatisfied with their present organisation, but a
number of desires for improvement emerged during
the interviews.
It emerged that profitability is far from the only

judgement criterion, though it is very important.
Making investment decisions always involves a balance
between quality and time, but ‘‘ymost important is
making the right decision’’ (Technical director, 2001-05-

07). Therefore, the quality of the decision foundation is
important. To get an investment approved, as many
consequences as possible should be presented and
evaluated; environmental and quality issues must fulfil-
certain requirements. Additionally, the investment must
be motivated well and advantages compared to other
alternatives should be pointed out. To get an investment
accepted quickly it is important to lobby at an early
stage because the people who make the final decisions
will often react in this way: ‘‘Wait, we need to know
more’’ (Technical director, 2001-05-07). Which decision
supporting systems are used depends to a great extent on
the size of the investment. With smaller investments, the
pay-off method is most frequently used because it is easy
to use and understand; moreover, common sense and
experience are considered to be important. In the case of
large investments, the investment calculus is very
important and often several calculation methods are
used and a great deal of thought is put in.11 Several
months (up to years) can elapse between the original
idea and the start of the project, and the resources
required to make the decision can be considerable. The
respondents say that different scenarios and forecasts
are made regarding market development, such as prices,
volumes, and raw material. On energy questions, they
ask what will happen to fuel prices and environmental
taxes in the future. To supplement their own assess-
ments, the companies buy reports from specialist
consultants. It is important to be critical and have
many sources and contacts, since no one can predict the
future with any certainty. The sum of all information
finally becomes the decision makers’ feeling about what
will happen; and that settles things.
Purely technical calculations must also be made

because the production system is based on material
and energy balances. One respondent says that they
have made their own model for energy balances and
used it with good results. However, he is convinced that
models must be used almost daily in order to be
managed within the company, because one used rarely is
easy to make mistakes with. Therefore, consultants who
work with these kinds of questions daily should also
have the modelling tools.
One modern trend that was mentioned is the focus on

core business, which makes the requirements for energy
investments tougher. There are examples of investment
opportunities that are not performed, mainly because
they did not belong to the core business. Some industries
do not invest much in energy facilities themselves,
preferring instead to outsource their projects12: ‘‘Almost
every new project within energy is outsourcedy’’
(Energy manager, 2001-06-05). One problem that was
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mentioned is that the energy situation changes fairly
quickly, e.g. oil, gas and electricity prices fluctuate,
leading to considerable changes in energy projects.

4.2.2. NEICs on the subject of investment routines

When we asked for a person responsible for energy
questions at the NEICs, we were primarily directed to
the maintenance or real estate and facility side, i.e. not
close to the production process. Generally, investments
are primarily motivated from the decisive need to focus
on production. In the budget process the projects are
listed, prioritised and put in the 1-year budget. Every
year the decision makers check whether replacement
investment can be postponed, because that is often the
most profitable alternative.
Investment proposals that come from low levels in the

organisation often concern replacement and environ-
mental investments, while new contracts and strategic
investments come from top-level management. It is
mainly the maintenance manager who drives the energy
questions. At one company they point out that the
impetus for energy investments primarily comes from
external actors such as energy suppliers, consultants
and the academic world. Within the company it is
more about co-ordinating. The respondents say that the
easiest and most profitable energy investments are
considered to already have been made and because
energy is such a small part of these companies’ total
costs, the priority is low. Today, pure energy conserva-
tion should have a pay-off of about 2 years, but it is
seldom that any investments are made purely for the
sake of energy efficiency, they are instead initiated by
other investments in the factory, where energy efficiency
is only one factor. Yet there is a risk that the energy
issue will disappear when minimising investment costs.
One interviewee says that they usually try to build ‘state
of the art’ when building new plants or buildings, but
not to improve old factories to that level. Another
respondent emphasises that problems at a factory are
often solved in the simplest way. Failures are rectified
using the same technology as was used previously, i.e. by
thinking backwards instead of forwards.
One difficulty is that when it comes to making

changes over organisational boundaries, there can be
problems with responsibility allocation, communication,
and maintaining a comprehensive view. An example: at
one company it is mentioned that the people in the
maintenance department complain that the building
projects department decides too much — there is a kind
of competition between the two to influence the
decisions. Communication in companies is important,
for e.g. to avoid maintaining equipment that will be
taken out of service due to shutdown. Another general
problem is time optimism, which can lead to timeframes
that are too tight to perform a project. If a decision is
delayed, it often does not affect the deadline for the

project. Time is also a problem from another perspec-
tive, because people in projects often do not have
enough time to do what they should. There is no time
for learning or trimming the equipment, a problem
which grows as processes become more complicated.
The greatest difficulty for decision makers is to form

an adequate, objective basis for the decision. Therefore,
it is important that decision makers have adequate
economic competence so they can decide whether an
investment is profitable, e.g. by requesting several
calculation alternatives. The degree to which decision
support is used for investments varies, primarily
according to the size of the investment. Most common
is the pay-off method, which is used as a first calculation
because it is simple and everyone understands it. Other
calculations such as IRR and NPV are then performed
as complements, especially for larger investments. At
one company they say that they use optimising and
simulation to some degree, but these types of analysis
are mostly contracted from consultants. The technical
part is not considered to be the main difficulty; instead it
is to get the right conditions for the future. Predictions
regarding energy efficiency measures are not made
because of the demand for short pay-off and the great
uncertainty about the future. The respondents say that
they try to take into account as many factors as possible,
common sense and experience are also mentioned as
important. All respondents are quite satisfied with their
calculations and consider their decision support to be
adequate. Instead, they point out that there are mainly
organisational issues that need to be improved.
Core business takes priority, especially when money is

short, and this affects the possibility for energy
investments. Those who criticise this believe that people
calculate too optimistically where core investments are
concerned. One respondent, however, says that esti-
mates with regard to many energy projects are too
optimistic, too. It is often difficult to achieve the
calculated pay-off because the estimated criteria are
not fulfilled, either because evaluations of operation
time being too optimistic or because additional invest-
ments are required. The focus on core business also
leads to companies having to outsource more activities.
One problem with outsourcing that was mentioned is
that there are often large changes, e.g. production
moves, changes or is shut down. Therefore, it can be
sub-optimal to sign a contract for 5 years when there
will be changes within 2–3 years. It is easier to outsource
office tasks than things directly connected to produc-
tion.
Nowadays, access to relatively cheap energy is

decisive for the companies’ production, at the expense
of energy consciousness. The companies’ different
environmental goals are considered to be a stronger
incentive for energy efficiency than profitability is. In
Sweden, environmental awareness is said to be quite
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good compared to certain other countries where next
month’s results rule the decisions. This is because that is
quite simply the way the corporate management and
board evaluate the managers. ‘‘The energy prices will
surely rise in the futurey, but why should today’s
decision makers take that into account when they are
not evaluated by ity.’’ (Group consultant real estate
and facilities, 2001-06-11).

4.3. Follow-up and knowledge transfer

Today investment processes are usually organised as
projects where time, cost and quality are the most
important aspects. As pointed out by Lock (1996), the
purpose of project management is to foresee as many
dangers and problems as possible and plan, organise
and control activities so that the project is completed as
successfully as possible. The aim of the final result is to
satisfy the project sponsor within the promised time
scale and without using more money than originally
budgeted.
Bj .orkegren (1999) studies learning within projects,

especially learning from earlier projects, and focusses on
large investments that are seldom made within one
mill.13 Bj .orkegren states that there are two ways of
viewing project management. The traditional point of
view, where there is an internal focus on the project for
the moment, and project from the point of view of
knowledge management, where a project is seen as a
learning experiment for the company as a whole. From
the case study made, Bj .orkegren found incentives and
disincentives for knowledge transfer between projects on
an individual level, mill level and corporate level, and
which are summarised in Table 1.
From the results, Bj .orkegren proposes that the

company, especially with investments that are rarely
made at one mill, should have a dual approach to

project management. That is, to bring the focus onto
both the traditional view and the knowledge-manage-
ment view regarding project management in order to
achieve both internal project success and knowledge
transfer within the corporation.

4.3.1. EICs on the subject of follow-up and knowledge

transfer

Follow-up activities are mainly managed by each
factory, and it is only revisions of large investments that
are made at corporate level. The reason for performing a
follow-up is to evaluate what was good and what was
not so good in a project in order to be better at
performing investment projects in the future. For
example, it is important that people who do feasibility
studies know the length of start-up time and what
problems occur in the beginning, which are typically not
considered. When following-up an investment, compa-
nies can check what was promised with regard to, e.g.
production, profitability and costs, compared to actual
results. However, it is mainly the physical functions that
are investigated. As one respondent says: ‘‘One calcu-
lates quite carefully for what will be invested in. One
should then make the same calculations four or five
years after start up to see what happened, since in that
way one should learn a lot.’’ (Energy manager, 2001-06-
05). All respondents agree that learning by making
follow-ups could and should be improved. ‘‘We could
become much better at learning from previous projects.’’
(Technical director, 2001-05-07). One special difficulty is
assessing the price of sales that are often estimated too
optimistically. There is, though, a certain scepticism
against pure economic follow-up from some respon-
dents, but they still think it should be done occasionally.
Another way to manage learning from projects is to use
the knowledge of people with experience from similar
projects. Therefore it is seen as advantageous to have
experienced people participate in projects at several
factories, but local conditions must also be taken into
account.
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Table 1

Incentives and disincentives for knowledge transfer between different levels in an organisation

Different

levels

Positive (+) and negative (�) aspects of knowledge transfer

Individual

level

+The employees get some kind of structure and routines for how to organise and manage the project, get someone with

experience to talk and work together with.

�They miss the fun of inventing.
Mill +Time, cost, efficiency and a smaller risk of failing.

�Not getting all the credit if the project succeeds, difficult to find people with experience within the organisation, difficult to judge
the quality of earlier experience, the mills are measured by how much they produce and not how much they help other mills to

manage their projects.

Corporation +Time, cost, efficiency and a productive use of the firm’s resources.

�Mills’ independence, the importance of decentralisation.

Based on Bj .orkegren (1999).

13Bj .orkegren studies two large investments at two different mills in

the pulp and paper industry.
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It is usually the person responsible for energy issues at
the corporate level who manages knowledge transfer
within his area. Knowledge transfer between factories is
primarily managed through meetings between the
responsible parties at the factories about twice a year
for information and discussion. Occasionally, contacts
can be set up, from the corporate level, between factories
where a project has been performed and those where it
has not, but it is up to the factories to take action if they
realise that they are doing worse than other factories.
One respondent says that their knowledge transfer has
improved through their intranet, where contacts gen-
erally have increased. ‘‘We have energy pages on the
intranet that I think have a good quality. There is a
description of each project.’’ (Energy manager, 2001-06-
05). Another respondent says that intranet should be
used more to further increase information exchange
within the company, e.g. by displaying benchmarking
results. Another important component is external
knowledge transfer, which can, e.g. take place through
customer–supplier relations and through buying com-
petence from experts. One respondent predicts that
external networks and discussion partners will be of
increasing importance.
Moreover, the companies have centralised purchasing

of some raw materials and other goods in order to take
advantage of the company’s size so they do not buy at
unnecessarily expensive prices. Some respondents men-
tion that they have had time-limited programs for
improvement of management and learning from project
experience. The only continuous systems mentioned
were ISO and EMAS.

4.3.2. NEICs on the subject of follow-up and knowledge

transfer

Follow-up activities are managed to some degree at
all companies, but all respondents thinks that follow-up
should be improved. The follow-up that is performed
primarily concerns the physical parameters created
when promises were made for the investment’s outcome.
Other matters that are investigated occasionally include
whether cost and time constraints were met and if
the expected effect was achieved. This concerns the
whole investment, not just the energy aspects. At most
companies, the follow-up procedure is not made at the
corporate level; instead, it is up to the factories and they
often do not follow-up systematically. However, in the
case of large investments internal audits are made
occasionally by the audit department at corporate level,
where they look at an entire project. One respondent
emphasises that project follow-up and economic post-
calculations should be performed more systematically,
but it must first be proved that there are great
advantages to be gained by doing so. But other
respondents are sceptical about the use of economical
post-calculations, because they feel that it is often the

external conditions that have been changed. One of the
companies, however, has recently changed their system
for investments, primarily to improve the follow-up
activities.
Communication between factories is normally very

rare, and the responsibility for knowledge transfer
between factories lies at the corporate level. Knowledge
transfer is mainly managed through benchmarking and
exchange between factories through conferences where
people responsible for operations meet annually or
biannually to learn about and discuss new technology,
new restrictions, developing trends in the market and
experiences at the factories. The energy situations
between factories can also be compared and good
examples can be adopted. At the operative level,
knowledge can sometimes be transferred through con-
tacts with similar, and occasionally competing, indus-
tries. One company has recently started a new working
method for knowledge transfer. The respondent says
that there is a process going on in a core business
activity called ‘best practice’, which means that if some
factory has done something good it must be reported to
all other sites. When other factories get the information,
they must answer what they will do and justify why.
Using this system on the energy side too has been
discussed, but it must be motivated well. He says:
‘‘There is no problem in inventing things, but in
maintaining the systems.’’ (Director of real estate and
facilities, 2001-06-06).
One company differs from the others in that it is more

centralised and can decide at the central level what will
be done at the factories. This is much more difficult at
the other companies, where the site or division manager
has the responsibility for the unit’s business. Knowledge
transfer at this company is secured by having a relatively
small group to manage projects.

4.4. Risk management and uncertainty

The definition of uncertainty is doubt about our
ability to predict the future outcome of current actions,
while risk is the potential variation in outcomes, i.e. risk
is a sub-set of uncertainty. As a matter of fact, one can
state that there is almost always some uncertainty in
every human action. Traditionally, risk has been divided
into two types, pure risks and speculative risks (Williams
et al., 1995). A pure risk exists when there is a chance of
loss but no chance of gain, e.g. a failure in the
production line that causes an accident or financial loss.
Pure risk is often connected to environment and health.
A speculative risk, on the other hand, exists when there
is a possibility for gain as well as loss. An example
would be higher or lower energy costs for a company,
caused by changed fuel costs or taxes.
The cost of risk contains two components, the cost of

any loss that occurs and the cost of uncertainty itself. By
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handling these matters well, companies can avoid large
losses or make substantial profits because large amounts
of money are involved. It is these factors that motivate
risk management and make it an important issue for
companies of today. One definition of risk management
is ‘‘a general management function that seeks to
identify, assess, and address the causes and effects of
uncertainty and risk of an organisation.’’ (Williams
et al., 1995, p. 27). The purpose of risk management is to
enable an organisation to progress towards its goals and
objectives along the most effective and direct path. In
their survey of the risk perspective at companies, Harris
et al. (2000) show that 58% of the firms were risk averse
to very risk averse, about 25% were risk neutral and
only a small percentage were risk takers.

4.4.1. EICs on the subject of risk management and

uncertainty

A quotation from one interviewee at corporate level
shows the importance of risk management: ‘‘yevery-
body wants a crystal ball. Risk minimisation is what we
do, that is, to combine profit and risk.’’ (Vice president
of finance, 2001-05-09). The respondents say that the
general difficulty with investments is to reduce the
uncertainty of the decision. It is simple to choose
technology if there are references, while it is hard to say
anything about the future, such as market development,
environmental legislation, sale prices and volumes. The
answers about risk management were diversified, which
shows that it is a complex issue and there are several
ways to deal with it. It was also hard to form a
homogeneous picture because different types of risks are
handled at different places in the organisation. Gen-
erally, good information is of immense interest because
it reduces risk and the interviewees want information to
be more reliable and obtainable at a reasonable cost.
One respondent points out that the activity of risk

analysis was recently expanded in order to make it more
systematic. Investigations mainly concern what the
consequences of any failure would be. ‘‘Certain things
must not stop.’’ (Senior corporate consultant, 2001-05-
03). An example of this way of thinking is that a
replacement investment can be made before a develop-
ment investment with good profitability because the risk
of incurring an even greater loss can be higher.
Concerning replacement investments, companies usually
check if there is any way to get around the problem by
making a smaller investment or increasing maintenance.
Often it is the maintenance side that wants to replace the
equipment, because they do not want to be blamed for
not maintaining it, while the operation staff is apt to
take more risks. It is also important to minimise
downtime during investments or else it will be an
essential part of the total cost. With larger investments,
one way to avoid business risks is to co-operate with
another company. Those kinds of decisions are made at

corporate level. One respondent says that his company
recently made a large investment as a joint venture,
probably due to the fact that there was a degree of
uncertainty when the decision was made.
Environment and health are other important issues

where risk management is crucial. Important reasons for
risk management apart from purely financial ones can
be to support the environmental goals and avoid bad
publicity. Here is a brief example of the importance of
these risks: one company has a project that involves
burning ooze from their dump, which requires special
technology due to the low fuel quality. There will be
ooze used from today and 20 years back and because
the risks must be analysed drilling has been done to
the bottom of the dump to analyse the ooze. Concerning
the risk aspects the manager says: ‘‘All risks must be
evaluated.’’ (Energy manager, 2001-06-05).

4.4.2. NEICs on the subject of risk management and

uncertainty

NEICs also have a risk-averse approach. Whether an
investment should be made or not depends to a large
extent on the degree of certainty about the future,
because companies ‘‘ydo not want to take any risks at
all.’’ (Group consultant real estate and facilities, 2001-
06-11). The risks taken into consideration are highly
dependent on the company and the person’s position in
the company. Each responsible party makes assessments
within his or her own area, e.g. different scenarios,
calculations, risk analysis and environmental assess-
ments. ‘‘It is risk assessments all the time.’’ (Technical
director, 2001-05-18). An important issue from a
technical point of view is whether a change will disturb
the production process. Because production is so
important, investments are sometimes rejected due to
the risk of production problems, and this affects energy
efficiency. But there are also examples where a higher
investment has been made concerning energy, since it
was considered to be more profitable in the long run,
and to enhance the company’s environmental image.
The choice of supplier is also an assessment that is
related to risk, which becomes an even more current
issue when making decisions about outsourcing certain
activities.
A special difficulty with new contracts is to get the

right conditions; pure replacement investments are
easier to make because the conditions remain the same.
It is crucial to find people with the right information
because it is important — and difficult — to achieve the
lowest possible uncertainty in order to have a good
decision basis. In order to avoid risks, companies try to
achieve flexibility, e.g. make buildings as flexible as
possible, but without additional costs. ‘‘We seldom
know what we will produce in two years, so it is seldom
a machine stays in the same place for more than two
years.’’ (Group consultant, real estate and facilities,
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2001-06-11). It is primarily the manufacturing compa-
nies that have extensive mobility among factories and
countries. Some respondents feel that the risk factor
should be included in the investment calculus, because it
would benefit energy investments, which have a lower
level of risk than production. One respondent says that
he tried to argue that energy-related investments have
lower risk then process-related investments. The de-
mand for short pay-off periods is also related to not
knowing how long the process will live. Buildings live
longer and therefore the pay-off period should be longer
for those types of investment. Although this discussion
is accepted, it is only the total sum that counts when it
comes to a decision.
One respondent explains that they had more centrally

controlled building projects before, while the business
unit manager decides everything now and has full
responsibility. Corporate consultation used to be free,
but now the factories have to pay for consultation. This
leads to factories sometimes thinking that they can do it
at local level and save costs. ‘‘There is a risky that you
lose quality.’’ (Group consultant real estate and facil-
ities, 2001-06-11).

5. Concluding discussion

The summary of the interviews presented above
reflects the respondents’ view of investment decisions,
in general, and energy-related investment decisions in
particular. This concluding discussion highlights the
most important aspects arising out of the interviews
with regard to the need to improve decision-making
support. Due to the small number of companies
investigated, it is not possible to make any statistically
secured generalisations, but the study gives strong
indications about how corporate managers think
regarding these questions. When the respondents were
asked directly what kind of decision support is needed in
a wider sense, the answers that were most frequently
given were organisational improvements including a
more comprehensive view of investments and adequate
information about the investment conditions. Therefore,
to reach a higher degree of energy efficiency not only do
the decision support tools need to be improved, but also,
and perhaps more importantly, the working methods
themselves.
According to the respondents, the amount of energy

measuring is experienced as quite low, especially at
NEICs. Bad monitoring may lead to companies not
knowing what potential there is for profitable energy
investments, see e.g. Harris et al. (2000). The trend
towards companies becoming more and more rationa-
lised to the ‘real’ staff requirement can therefore be
questioned. What is the real need and how is it
determined? Concerning benchmarking and energy

audits, external actors play an important role today
and it is quite usual that external actors perform energy
audits, for example.
Intuitive investments in energy efficiency are asso-

ciated with rationalisation investments, but is it really
this kind of investment that has the highest real
potential today? It has emerged that, especially for
NEICs, it is difficult to perform energy efficiency
investments separately; energy efficiency investments
are instead included in other investments. This means
that perhaps the greatest real potential14 for energy
efficiency today lies in new and replacement invest-
ments, which is connected to the lack of measuring, i.e.
not knowing what rationalisation potential there is. It
also emerged that companies try to postpone replace-
ment investments as long as possible, because that is
considered to be more profitable. This also affects
energy efficiency in a negative way and puts higher
demands on making the right decisions with regard to
new investments. One possible way to break out of these
chains could be to have external actors take on a greater
part of the efficiency work. Moreover, there seems to be
a need for systems that focus on resource efficiency, in
order to be better at assessing the real benefits of energy
efficiency investments, i.e. by including non-financial
benefits such as increased product efficiency and
environmental improvements, as argued by Pye and
Mckane (2000) and Ramesohl et al. (1997).
Activities to follow-up investments are generally

something that the respondents think there should be
more of. One barrier to this process is that it is difficult
to see the direct profit from it. Decentralised organisa-
tions are obviously preferred over centralised ones
today, but some disadvantages emerged, such as
competition between factories or departments. The
main disadvantage is that investments can be sub-
optimal, because different plant management teams are
variously active and knowledge within the company is
not used rationally. For that reason there is a need for a
new incentive structure to be able to break the
disincentives for knowledge transfer that Bj .orkegren
(1999) found. Here again, external actors could become
important in achieving a more holistic perspective on the
organisation to avoid sub-optimisation.
Concerning risk management, the respondents made

it clear that the companies have a high degree of risk
aversion and that there is a wide spectrum of risk
analysis. The most important common factors men-
tioned to decrease uncertainty were better information
and transparency in the decision support tools, in order
to reach more reliable solutions. Another way of
decreasing risk is to make the systems more flexible.
Flexibility is mentioned as quite important for both
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14The technical potential may be greater, but the real potential is

dependent on the prerequisite bounds.
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EICs and NEICs, but it may still not cost much extra
money to achieve. There is, though, a difference between
the two categories; EICs that make substantial long-
range investments consider production (energy) systems
that last for about 30 years and where the need for
flexibility mainly concerns energy fuels because of the
varying costs and taxes. NEICs have more changes in
their production (e.g. move or shutdown), so they need
flexibility in buildings to be able to use them for
different activities.15

As already mentioned, external actors, e.g. consul-
tants and energy suppliers, are often important actors in
the investment process; they can participate in auditing,
investment identification, risk management, decision
making, implementation, operation and maintenance,
etc.16 When companies increasingly focus on their core
business and on rationalising their staff, peripheral
activities may suffer. This development, with external
actors becoming increasingly involved in industrial
companies’ support activities, will give energy efficiency
a new dimension in the future. This gives rise to new
possibilities and problems that need to be investigated
further.
As argued at the beginning of the discussion, decision

support consists of two parts; tools and working
methods. There seems to be no need for one multi-
purpose tool that considers all aspects of investment
decision making, there is instead a need for working
methods that make it easier to use and reach synergies
between existing tools. Of course there is also a need to
improve different tools, but initially the focus should
be on the aspects that are considered important in the
organisations. It emerged from the interviews with
the managers in the study that decision makers use
tools they understand and have experience of. There-
fore, it is important to reach an appropriate level of
complexity for the tools required, in order to ensure that
they are understood and used by the decision makers
involved. Transparency is another important aspect for
the decision makers to be able to decide whether
alternatives presented are based on realistic assump-
tions. Finally, the study shows that true maximising is a
Utopia because of the complexity of decision making,
which supports Herbert Simon’s theory about satisfying.
Even though companies must settle for a satisfying
solution this does not mean that they should be satisfied,
because, as shown, there is great scope for improvement.
As Simon points out computers give us enormous
opportunities for improving decision making in
companies.
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