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Abstract In this paper, we evaluate the Swedish
Programme for improving energy efficiency in energy-
intensive industries (PFE). Since 2005, some 100
energy-intensive companies have entered this 5-year
voluntary agreement (VA) and been exempted from the
EUminimum tax on electricity. In return, each company
is required to: conduct an energy audit and analysis;
identify and invest in profitable electricity saving
measures; implement and certify an energymanagement
system; introduce routines for energy efficient procure-
ment and project planning. For most participants the
first programme period was completed in 2009 and
available data enables this PFE ex-post evaluation. An
impact evaluation compiles and analyse data that the
companies have reported to the administrating agency,
the Swedish Energy Agency (SEA). This assessment of
quantifiable results is complemented by a process-
oriented approach that combines studies of policy
documents, previous evaluations and personal commu-
nication with administrators as well as companies. The
bottom-up calculation method distinguishes between
gross and net impact. While the SEA estimates a gross
impact of 1,450 GWh/year, the net impact consists of an
interval between 689 and 1,015 GW h of net annual

electricity savings. PFE has effectively and, to a low
cost, exceeded the estimated impact of a minimum tax
and can thus be judged as successful. A comprehensive
evaluation plan could facilitate relevant data gathering
in PFE and similar VAs and could, in doing so, improve
accuracy and possibly reduce evaluation cost. Such a
plan should give weight also to the organisational
changes, with potential long-lasting effects, that these
programmes are capable of promoting.

Keywords Energy-intensive industry. Voluntary
agreement . PFE . Energy management system . Policy
evaluation . Bottom-up method

Introduction

Manufacturing industries account for one-third of
global energy demand and nearly 40% of carbon
dioxide (CO2) emissions (IEA 2009). In EU-27, the
sector accounts for 28% of final energy demand and
22% of CO2 emissions due to its fuel use (EC
2010a).1 Consequently, it is crucial that industries
contribute to targets like 20% primary energy savings
of the EU Action Plan on Energy Efficiency and the
long-term objective to reduce GHG emissions by 80–
95% by 2050. Decision makers will need to engage
the industrial sector in constructive ways to meet the
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1 When including the indirect CO2 emissions from industrial
electricity use, this share will increase.
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challenge. This paper examines the Swedish volun-
tary agreement (VA) Programme for improving energy
efficiency in energy-intensive industries (hereafter
referred to as PFE or the programme) to assess whether
this can serve as a good practice example among policy
initiatives. As in many other VAs, the industrial
companies are motivated by a tax rebate to enter into a
multi-year legally binding agreement and pursue certain
measures for energy efficiency improvement (Price
2005; Krarup and Ramesohl 2000). PFE is thereby
guided by the dual ambition of facilitating competi-
tiveness while governing industry towards political
goals on energy efficiency improvement.

The development of effective energy efficiency
policies as well as practices for monitoring and
evaluating their results has become increasingly impor-
tant with the target setting at different political levels. In
National Energy Efficiency Action Plans (NEEAPs) the
EU Member States shall list and quantify the impact
from those national measures (e.g., policies or market
mechanisms) that are planned for reaching the Energy
Service Directive (ESD) target of 9% energy savings by
2016 (ESD Article 4 and 14, 2006).2 The ESD has also
triggered the challenging task of developing EU-
harmonised evaluation methods (ESD Annex IV,
2006; EMEEES 2009).

The first 5-year period of PFE was concluded in
2009, and the main purpose of this paper is to
evaluate the programme both in terms of its process
and impact. Swedish industrial energy use and the
PFE policy design section provides a background on
Swedish industrial energy use and describes the main
elements of PFE. Features of the inherent policy
theory and how programme activities have progressed
in relation to these are discussed in Process evaluation
section. In Impact evaluation section, the impact
evaluation brings forth programme results in terms
of quantified energy savings and cost-effectiveness;
common criteria for judging the success of policy
instruments. The combination of perspectives aims at
contributing to the deeper understanding of PFE
which is found necessary for interpreting its results.

In Discussion and remarks on policy implications
section, we discuss the results and its implications for
energy efficiency policy.

Swedish industrial energy use and the PFE policy
design

Industrial energy use in Sweden

Since 1970 the Swedish energy system has made a
notable shift away from oil as the dominating primary
energy source. Nuclear capacity has been scaled up to
the extent that hydro and nuclear power provide
almost equal shares, and together some 90% of total
electricity production (i.e., 146 TW h in 2008). CHP,
foremost biomass-fuelled, provide most of the
remaining generation capacity and a substantial heat
supply via the extensive district heating grid. The
industrial sector, including mining and quarrying and
the manufacturing industries, has contributed to the
development by shifting its energy end-use away from
oil products towards more electricity, as shown in
Table 1. Biomass has become increasingly important
in the energy demanding pulp and paper industry
(PPI). In 2007, 78% of its fuel consumption was
covered by internal biomass sources, primarily black
liquor and bark (Wiberg 2007).

Induced by a scheme of tradable renewable
electricity certificates the PPI auto-produced 5.9 TW
h electricity in 2008, which represents a 40% increase
since the scheme was launched in 2003 (SFIF 2011).
This corresponds to 25% of the electricity demand of
the entire PPI (i.e., 22.6 TW h in 2008). The industrial
use of natural gas and district heating has increased
steadily since the 1980s when these energy carriers
were introduced in the sector. Consumption of coal
and coke has been more or less constant due to its
function in reducing iron oxides in the blast-furnace
process of iron manufacturing.

The Swedish industrial sector has a record of
decreasing energy intensity. Industrial final energy
demand has been around the same level since 1970,
while the total value added has increased by a factor
of about 2.5 (SEA 2009b). When considering the
primary energy demand of electricity production the
decoupling effect appears somewhat less pronounced.
Assuming 40% generation efficiency the industrial
primary energy use has increased by 30.5 TW h, or

2 ESD does not involve energy use in the trading sector, of the
EU ETS, to which some energy-intensive industries belong.
But, as made evident in later sections, due to the underlying
definition of energy-intensive business there are also companies
from the non-trading sector participating in PFE. The ESD
target and related evaluation methodologies is therefore relevant
for the case of PFE.
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15%, over the same period due to increasing
electricity demand. The trend of decreasing electricity
intensity starts first in the early 1990s. Over the past
decades, the less energy-intensive types of manufac-
turing industries have become increasingly important
to the Swedish economy. In 2005, almost 50% of the
industry’s value added was generated in the engineer-
ing industry, including for instance manufacturing of
machinery, electronic and optical components, and
transport equipment (Johansson et al. 2007). The same
engineering industry accounts for less than 10% of
industrial final energy use. Indeed, structural change is
an important factor behind the decrease in specific
energy consumption but decomposition analysis has
also identified that Sweden has had an industrial
energy efficiency improvement of 14% between 1990
and 2005 (Odyssee 2009).

Policy making for industrial electricity efficiency

In terms of policy making for industrial energy
efficiency, there are certain reasons for focusing on
electricity. Over the years, it has become the domi-
nating energy carrier in the sector (see Table 1). In
previous decades, Swedish energy-intensive industries
have had a competitive advantage from low electricity
prices but after the deregulation of the electricity
market in 1996, an increased integration with conti-
nental Europe and the introduction of EU-ETS, the
situation has been altered. For these companies, being
export-oriented and subject to international competi-
tion, the increase in wholesale electricity prices from
the low level of year 2000 until today has become a
serious concern (Nord Pool Spot AS 2011). Cost-

cutting by improving electricity efficiency can reduce
the exposure to increasing and volatile electricity
prices.

Industrial competitiveness is a prioritized politi-
cal goal. Hence, a policy that obligates the sector to
act will typically be combined with an economic
incentive (e.g., a tax reduction). This is complicated
by the fact that Swedish energy-intensive industries
are largely exempted from energy related taxes. The
general energy tax on fuels is set at zero for
manufacturing processes and the carbon tax on
fossil fuel use is significantly reduced for energy-
intensive industries. Since fossil CO2 emissions
from many of these facilities are controlled under
the EU-ETS cap and trade, further policy interfer-
ence would be futile in terms of short-term emission
reductions (Henriksson and Söderholm 2009). More-
over, industrial electricity consumption was untaxed
for many years but in 2004 this received criticism
from the European Commission for being incompat-
ible with the common market (EC 2004). Hence, the
Swedish government was forced to promptly remove
the illicit state aid of zero taxation by introducing the
minimum tax of 0.5 Euro/MW h on industrial
electricity use.3 The Energy Tax Directive (ETD),
however, can provide the opportunity of reduced
taxation for energy-intensive businesses if these
enter into agreement on energy efficiency improve-
ment (ETD Article 17 2003). Thus, to enable the tax
exemption for energy-intensive companies and to
stimulate their energy and in particular electricity

3 Exceptions are made for manufacturing processes in the
sectors: metallurgy, electrolysis and chemical reduction.

Table 1 Swedish industrial energy use 1970–2008

Industrial energy use TW h (PJ) 1970 1980 1990 2000 2008

Electricity 33.1 (119.2) 39.8 (143.3) 53.0 (190.8) 56.9 (204.8) 55.5 (199.8)

Oil products 74.2 (267.1) 54.8 (197.3) 20.8 (74.9) 21.6 (77.8) 16.0 (57.6)

Coal and coke 14.2 (51.1) 14.8 (53.3) 16.9 (60.8) 15.6 (56.2) 16.4 (59)

Natural gas – – 3.2 (11.5) 3.4 (12.2) 5.4 (19.4)

District heating – 3.1 (11.2) 3.6 (13) 4.0 (14.4) 5.6 (20.2)

Biomass and peat 32.7 (117.7) 35.2 (126.7) 42.8 (154.1) 51.7 (186.1) 52.2 (187.9)

Ind. final energy use 154 (555) 148 (532) 140 (505) 153 (552) 151 (544)

Ind. primary energy usea 204 (734) 207 (747) 220 (791) 239 (859) 234 (844)

Source: SEA (2009a)
a The electricity generation efficiency is assumed to be η=0.4
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efficiency improvement, Sweden launched PFE in
2005.4

The PFE outline

PFE is intended for energy-intensive companies as
defined by the criteria: (1) purchases of energy
products and electricity amount to at least 3% of the
production value and/or (2) the energy-, carbon
dioxide-and sulphur tax on energy products and
electricity used by the company amount to at least
0.5% of the added value (§ 4 of SFS 2004:1196; ETD
Article 17 2003). Companies from the sectors pulp
and paper, mining, iron and steel, non-metal minerals
and industrial chemicals are typical candidates. In
some cases also food processing industries, saw mills
and engineering industries can qualify as energy-
intensive. From January 2005 and onwards the
programme period starts when the company is
accepted for participation and lasts for the 5 subse-
quent years.5

During the first 2 years, the company has to
introduce and obtain certification for a standardized
energy management system (EnMS)6 and carry out an
energy audit and analysis. The audit report describes
the plant’s energy use and proposes energy saving
measures based on an analysis of energy demand in
short- and long-term perspective (SEA 2004). This
work is concluded with a list of identified electricity
saving measures. Those listed measures with payback
periods of less than 3 years have to be implemented
while measures with lower rate-of-returns are pursued
on a voluntary basis. The list is submitted to and
approved by the Swedish Energy Agency (SEA),

which is the administrating agency. During the first
2 years, the company also has to introduce routines for
procurement of high-consumption electrical equipment
as well as routines for energy efficient project planning.
The core purpose of these routines is that the company
shall acknowledge the life cycle cost in its procurement
and investment decisions and thus give preference to
energy efficient equipment (SEA 2006).

After the first 2 years the participating company
must submit its first report to SEA demonstrating how
the requirements have been met and what level of
electricity savings to be expected from the listed
measures. During the following 3 years, the company
shall implement the measures and continuously apply
the EnMS as well as the routines for procurement and
project planning. At the end of the programme period
the company must submit its final report in which the
impact of all electricity efficiency improvement
measures has to be assessed. Each company must
achieve an improvement in electricity efficiency
which broadly speaking is equivalent to the improve-
ment that would have been achieved if the tax (i.e.,
0.5 Euro/MW h)7 had been imposed instead of PFE (§
11 of SFS 2004:1196). As a consequence, the
programme builds on the theory that the attention-
raising effect of its components (e.g., the EnMS and
the routines) will offset the impacts of the removed
tax on electricity.

PFE can be classified as a medium-term VA in
which companies are incentivised by the tax rebate to
enter the programme, fulfil its binding obligations and
thereby improve energy efficiency.8 Hence, in the
taxonomy of VAs suggested by Price (2005), PFE fits
into the category of programmes that are implemented
in conjunction with existing energy/GHG emissions
tax policy or with strict regulations. The agreement is
signed and entered by individual companies compris-
ing one or several production sites. The programme is
regulated by a law (SFS 2004:1196) that defines the
binding commitments of all parties and leaves little
room for negotiation. Divergence from regulations
needs to be reported and tested. The SEA reviews the

5 The companies that applied before 31 March 2005 were
entitled a tax reduction backdated to 1 July 2004 and could thus
conclude their first 5-year programme period in July 2009
(SEA 2005). A continuing, second programme period, was
launched in 2009.
6 Initially the participating companies used the Swedish Energy
Management System standard SS 627750. This document was
later replaced by European standard EN 16001.

7 Throughout this paper, 1 Euro is the equivalent of 10 Swedish
kronor (SEK).
8 Voluntary agreement (VA) and Long-term agreement (LTA) are
two designations commonly used for these kinds of pro-
grammes. We prefer the former to describe PFE since: 1) it
underlines the voluntary approach and 2) the 5 year programme
period is medium term rather than long term.

4 The policy planning and formulation process for a Swedish
long-term agreement started some years earlier. The process can
be tracked through a series of policy documents: Ds 2001:65
2001; Prop. 2001/02:143 2002; Ds 2003:51 2003; Prop. 2003/
04:1 2003; Prop. 2003/04:170 2004; SFS 2004:1196 2004. The
smaller scale EKO-Energi scheme (1994–1999) can perhaps be
seen as a Swedish precursor to PFE. Policy makers also took
inspiration from VAs implemented abroad.
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companies’ reports and occasionally conducts site
visits to monitor compliance. Companies are liable to
the regulations and the threat in case of non-
compliance is that participation is terminated and the
minimum tax is repaid for the entire period. In its
structure and details of procedures PFE is rather
advanced and goes beyond being a gentlemen’s
agreement. It is also rich on programme components.
Rather than being one policy instrument, PFE
provides a packaged mix of instruments, which also
complicates the task of evaluation.

Process evaluation

Methodological remarks

This analysis of PFE takes inspiration from the
process-oriented approach of Theory-Based Evalua-
tion (TBE) (Weiss 1972; Chen and Rossi 1983; and
others). Theory should be understood as “the set of
beliefs and assumptions that undergird program
activities” (Weiss 1997, p. 503). Thus, the policy
theory constitutes the basis for how programme
activities are expected to bring about the desired
changes. Advocates of TBE claim it is superior to a
conventional impact evaluation in that it can answer
to not only if, but also why, targeted impacts are
achieved. For energy efficiency policies the impact
will typically be defined as the quantified energy
efficiency improvement and/or energy savings. In
case this impact is found uncertain or insufficient
the TBE should obtain answers about where in the
chain of activities that the policy programme failed
to function as expected. If, on the other hand, prior
expectations are met or even exceeded a TBE
should pinpoint the activities that explains the
success. Impact can arise also by other paths than
those presumed by the policy theory and to
estimate additionality is an important, yet difficult,
task of evaluation.9 TBE can contribute in solving
this issue through its system analytical procedure of
assessing the programme by: separating its compo-
nents; examine these; and communicate the inter-
pretations. Eventually, the evaluation may fulfil its

virtue of supporting programme administrators in
determining what, if any, modifications that are
needed for a forthcoming effective operation.

The research method applied to understand PFE
and its policy theory includes in-depth studies of
official policy documents and previous evaluations.
These have been conducted over a longer period of
time, almost 2 years, and have evolved with the
programme period as new records about its results
have become available. Also, at several occasions, to
make details clearer, conversations have been held
with staff at the SEA. PFE is pushing for rather
multifaceted changes (e.g., technology, actor and
market related) but delimitations are necessary to
avoid the myth of an all-purpose evaluation (Weiss
1972). The process perspective here given can only
give attention to a few aspects and it serves foremost
as a supplement to the impact evaluation. In the
following we will analyze two areas of essential
importance for understanding—and evaluating—the
effectiveness and cost-effectiveness of PFE: (1) the
eligibility and coverage of PFE and (2) the
programme goals and achievement.

Eligibility and programme coverage

All energy-intensive industrial companies are eligible
for PFE (§ 4 of SFS 2004:1196), which is about 1,250
companies (SEA 2005). In March 2007, 95 compa-
nies, comprising some 250 industrial sites, had
submitted their second-year reports (SEA 2007a).
Since then, another ten to 20 companies have entered,
while a few have left the programme (SEA personal
communication 2009a, b, c). Hence, less than 10% of
eligible companies are participating in PFE. In Fig. 1,
the numbers of eligible and actually participating
companies are grouped by the size of their electricity
use. Notably, the participation rate decline sharply for
companies with an electricity use below 100 GWh/year.
Since the size of the tax cut is proportional to the
electricity use large consumers (>100 GW h/year) are
highly motivated to attend.10

A result of the self-selection mechanism is that
only 3% of eligible companies with lower electricity

9 The additionality of a policy programme is the impact
achieved by the programme per se, i.e., not resulting from
autonomous changes.

10 For companies with an electricity use of 1 TW h/year, the
annual PFE tax rebate amount to 500,000 Euro, while
companies using 10 GW h/year are granted a more modest
amount of 5,000 Euro.
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demand (<100 GW h/year) have joined PFE. This
shows that a tax relief below 50,000 Euro is often
considered insufficient as a motivator and to cover for
the compliance cost related to, for example, EnMS
implementation and certification (Sjögren et al. 2007).
The low overall participation rate may appear dis-
appointing and staff at the SEA has stated they would
like to see as many companies as possible in the
programme (SEA personal communication 2008). In
the early planning phase of PFE, the intended target
group comprised 60 companies from the conventional
energy-intensive sectors: pulp and paper; mining; iron
and steel; non-metal minerals; and industrial chem-
icals (Ds 2001:65 2001). However, the previously
mentioned criteria of energy-intensive business (ETD
Article 17 2003) implicated that the much greater
number of 1250 companies became eligible (includ-
ing e.g., saw mills, food industry, engineering
companies). With this distinction being made, it is
clear that while participation rate is low compared to
eligible companies, it actually exceeds the intended
target group of the policy theory.

In terms of electricity consumption, the 10%
participating companies account for 85% of the
eligible electricity demand (i.e., 30 out of 35 TW h).
Hence, in absolute numbers, PFE comprise most of
the saving potential. It is possible though, as pointed
out by Henriksson and Söderholm (2009), that PFE
components like EnMS could do a better job in
detecting cost-effective energy efficiency improve-
ment measures among the 1150 non-participating
companies, since these can be assumed to lack prior
experience in energy management compared to the
really energy-intensive companies. In practice, the
administrative cost of having a full scale EnMS

constitutes a barrier for these companies often being
SMEs with lower energy cost shares (Sjögren et al.
2007). From a programme administration standpoint,
the burden would increase multi-fold if all 1,250
eligible companies were to join. In this sense, the tax
incentive has successfully attracted the lion’s share of
eligible electricity use, and thereby potential savings,
while the total administrative burden has been kept at
moderate level.

Goals and achievement

The evaluation of programme effectiveness can be
carried out from the two perspectives of goal
achievement and additionality (Krarup and Ramesohl
2000). While the former is discussed in the following,
the latter is being analyzed in relation to the impact
evaluation of Impact evaluation section. The existence
of goals is essential for assessing goal achievement. It
is problematic in this regard that policy instruments
often lack quantitative targets and are governed by
multiple but unclear objectives (AID-EE 2007).
Evaluators may find it necessary to make independent
interpretations and formulations of goals on the basis
of the policy theory (Weiss 1972).

PFE does contain many requirements: the companies
have to perform energy auditing and analysis, imple-
ment and certify their EnMS and adopt routines for
energy efficient procurement and project planning. PFE
has also proven successful considering that nearly 100%
of the companies have complied with these obligations.
Regarding the electricity savings impact no quantified
target has been formulated.11 There is, however, the
requirement mentioned in The PFE outline section that:
companies must submit a list of measures and later
implement these so to reach electricity savings of the
same level that would have been achieved if the
minimum tax were to be applied over the same period.
This counterfactual reference situation stems from the
paragraph of the ETD stating what level of savings that
an agreement in substitution for the tax must achieve
(ETD Article 17(4) 2003). The potential saving impact
from a fictive tax has not been estimated by the SEA or
any other authority. The course taken by this paper is
therefore to quantify the counterfactual situation, i.e.,

11 High expectations on results, however, have been communi-
cated based on the second year report (Ottosson and Petersson
2007; SEA 2007b).

Fig. 1 Eligible and participating companies categorized by
electricity consumption. Source: SEA (2005, 2007a)
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to estimate the impact in terms of electricity savings
due to a fictive tax and frame this as the level of
savings that PFE ought to achieve (i.e., the pro-
gramme’s impact goal).

In the second- and fifth-year reports, the compa-
nies were asked whether their electricity savings
could match the counterfactual situation. Different
justifications were made and indeed there is no clear-
cut answer to this question. A majority of companies,
however, made the interpretation that cost reductions
from electricity saving measures should at least equal
and thus eliminate the cost-raising effect of a fictive
tax (i.e., had it existed). Theoretically, this implies that
the companies must report and implement electricity
saving measures as if they were facing a unitary
(−1.00) own price elasticity of demand for electricity.
To exemplify: a tax of 0.05 Euro cent on an electricity
price of 4 Euro cent per kW h results in a 1.25% cost-
raising effect and thus a PFE company with this
electricity price should in substitution for the tax
achieve electricity savings and cost reductions of
1.25%.

On the basis of official policy documents (ETD
2003; SFS 2004:1196) and our examination of the
companies’ goal interpretations, the PFE impact goal
is here being formulated as a target-level. Figure 2a
and b plots, for 36 of the PFE companies, reported
electricity savings against the cost-raising effect of the
fictive tax.12 The latter is decided by each company’s
electricity price, varying with power contract and
exposure to the Nord Pool spot market. The target-
level is decided by the simple relationship that a 1%
cost-raising effect must be eliminated by a 1%
electricity savings and cost reduction. While Fig. 2a
contains the ex-ante deemed savings from measures
that were reported in the second year, Fig. 2b contains
more reliable ex-post data where the planned and
additional measures have been implemented and
estimated by the means of measurement or engineer-
ing calculations. In both cases, the percentage of
annual electricity savings is compared to a base year,
represented by the companies’ electricity demand in
2004.

In the second-year report the planned measures for
ten of the companies were inferior to reach the target-

level. In the final report, however, many companies
showed a significantly improved performance. Aver-
age electricity savings of the 36 companies increased
from 3% to 5.1%, and some companies were even
reporting savings in the high range of 15–20% (see
Fig. 2b). In the next section, which evaluates the PFE
impact, explanations are provided for this increased
performance after the second-year report.

The target-level can also be expressed as a
quantitative electricity saving target for the entire
group of PFE companies. Given their yearly electric-
ity demand of about 30 TW h, the tax exemption for
all companies is 15 MEuro per year. To equal out the
cost-raising effect, given the tax had existed, the
programme should achieve 375 GW h of annual
electricity savings (equal to 1.25%) when assuming
an average electricity price of 4 Eurocent per kW h.13

It is made evident by the impact evaluation in the next
section that the reported electricity savings are well
above this level. The PFE collective of companies has
thus successfully fulfilled and surpassed the impact
goal, as it is defined here. A few individual
companies, however, did not the reach the targeted
saving level (as illustrated in Fig. 2b) and stand the
risk of being excluded from the programme. The lists
of planned measures in the second-year report and
implemented measures in the fifth-year report should
reflect their level of ambition. These can be examined
to determine if companies are reluctant of listing
measures, although saving opportunities with short
payback periods (<3 years) can be assumed to exist.
Can such behaviour be justified within the framework
of PFE? These are relevant issues in supervision.

Impact evaluation

Methodological remarks

The impact of an energy efficiency policy is the
quantified energy efficiency improvement and/or
energy savings expressed in whatever metric is
appropriate. Several extensive guidelines for energy
efficiency policy evaluation have been developed to
support evaluators in quantifying impact (EMEEES

13 This corresponds to the average Nord Pool spot price for
Sweden between 2005 and 2009 (Nord Pool Spot AS, 2011),
and is exclusive of grid costs.

12 The selection of 36 companies, about a third of the
participants and the proportional electricity use, is delimited
by the availability of data.
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2009; IEA DSM 2005; SRCI 2001). It is foremost the
guidelines for bottom-up calculations presented by
the EMEEES project that have shaped the impact
evaluation in this section. A distinction is made
between gross and net impact. Gross impact refers
to the quantification of all energy savings or
efficiency improvements that are documented under
the policy framework, without considering that
other driving forces could have caused part of the
impact. With a gross-to-net impact conversion, the
evaluator seeks to solve the additionality issue by
raising the question: How large energy savings
would not have been achieved if the policy
programme had not existed? Consequently, the net
impact or additional savings refers to the quantified
impact induced by the programme per se, not
resulting from autonomous changes that would
have taken place also without the programme. This
has a clear relevance in the striving for effective
and cost-effective energy efficiency policies.

Gross impact

This presentation of gross impact is aligned with the
PFE reporting procedure that gathers data both from
the second-year interim report and the fifth-year final
report. While the former data set contains the ex-ante
deemed savings from the reported lists of planned

measures, the latter report concludes PFE with its ex-
post estimates from all programme components (e.g.,
the adoption of routines and changes in operation and
maintenance (O&M) as stipulated by the EnMS). The
fifth-year report thus captures the total gross annual
electricity savings that the companies have reported to
the SEA under the PFE scheme. Table 2 compiles the
technical and O&M measures from the two check-
points. In the beginning of 2007, 95 companies had
submitted their second-year reports comprising 860
measures equalling ex-ante deemed annual savings of
726 GW h. In 2010, when 101 companies had
submitted their fifth-year final reports the number of
measures had increased to 1,254 and the ex-post
estimate of annual savings was 917 GW h; an
increase by 191 GW h (or 26%) compared to the
second-year data.14 The measures have been subdi-
vided into types of end-use technologies. A large part
is motor-related, e.g., variable speed drive (VSD)
installations. Measures that relate to pumping systems
are also common due to the large participation of the
pulp and paper industry that uses pumping equipment
throughout the mills.

In addition to all the technical and O&M measures
presented in Table 2, a few more categories of

14 The few companies that had not submitted their final report
by the end of 2009 will only make a marginal difference.
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Fig. 2 a Ex-ante deemed electricity savings from listed
measures of the second-year report, as compared to the cost-
raising effect of a fictive minimum tax. Source: SEA (2007a). b
Ex-post measured or engineering estimated electricity savings

from listed and additional measures of the fifth-year report, as
compared to the cost-raising effect of a fictive minimum tax.
Source: SEA unpublished data (2010)
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electricity savings measures have been reported by the
companies. These are (SEA 2011a):

& Electricity savings due to the energy efficient
routines: 174 GW h/year from project planning
and 36 GW h/year from procurement practices

& Supplementary electricity saving measures:
323 GW h/year from a number of measures with
large impact that for various reasons have been
categorised separately

By summing up all these measures, SEA concludes
that the total gross annual impact of PFE is 1,450 GW
h (SEA 2011b). The result is quite remarkable
considering the target-level of 375 GW h/year that
was formulated in the previous section. It even exceeds
the previous high expectations of 1,000 GW h annual
electricity savings based on the second-year data
(SEA 2007b). By comparing data from the two
checkpoints, we can better understand the PFE
process and how it corresponds to policy theory.
The measures reported in the second-year report can
be seen as a response to the legal requirement of
conducting energy audit and analysis to identify
profitable measures for implementation. The elevat-
ed, actually doubled, impact thereafter indicates that
the companies did not stagnate in their efforts to

implement measures. It also shows their willingness,
with a few exceptions, to report more measures than
the law requires. There are, at least, three comple-
menting explanations for their behaviour.

The energy management system

The policy theory suggests that PFE components like
the EnMS, including the routines, create an attention-
raising effect that will offset the impacts of the
removed tax on electricity. Since these programme
components were fully introduced first after the
second year, it is reasonable that the elevated impact
of about 700 GW h is observed in the later years of
the programme period. The companies have estimated
the impact from the two categories of routines to be
210 GW h/year. The remaining 500 GW h of reported
annual electricity savings are partly from technical
and O&M measures implemented under the guidance
of certified EnMSs. It is difficult to verify a direct
causality between the EnMS and reported savings for
each company and measure. In general, though,
companies claim that the EnMS has helped establish-
ing an organisational structure with a strong focus on
energy efficiency. As many as 80% of the companies
claim that the EnMS has introduced new methods for

Table 2 Reported annual electricity savings from technical and O&M measures

Type of end-use technology Second-year report Fifth-year report

No. of
measures

GW h elec.
savings

% of
savings

No. of
measures

GW h elec.
savings

% of
savings

Production processes: large variety of measures, often involves
optimization of motor-related processes

243 354 49 312 443 48

Pumping systems: VSD control and replacement of
pumping equipment

214 142 20 289 154 17

Compressed air systems: sealing air leakage, measures
on compressors and vacuum systems

78 76 10 118 94 10

Indirect elec. efficiency and other measures: electric
boilers, phase compensation, control of motor heaters

65 64 9 107 93 10

Industrial motors: installation of efficient motors,
VSD control

85 30 4 140 55 6

Fan systems: VSD control on different industrial fan
applications, e.g., drying and de-dusting

58 22.5 3 90 34 4

Space heating and ventilation: heat recovery and
demand controlled HVAC equipment

50 21 3 71 19 2

Cooling systems: optimization and replacement of
cooling machines

19 10 1.5 26 15 2

Lighting systems: time and presence controlled lighting 48 6.5 1 101 10 1

Totals from technical and O&M measures 860 726 100 1254 917 100

Source: SEA (2007a, 2011a)
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monitoring energy use that have been valuable for
their energy efficiency improvements (Hörnsten and
Selberg 2007).

A legally binding agreement

In a review of VAs worldwide Price (2005) concludes
that the most effective ones are legally binding. The
PFE legislation (SFS 2004:1196) should therefore be
seen as a strong motive for compliance. As an
example, the companies have taken it serious that
the listed electricity saving measures must be imple-
mented over the programme period. This requirement
has facilitated the allocation of investment capital for
PFE measures. It has also led some companies to be
careful not to list measures that they were not sure
about in the second year (Hörnsten and Selberg
2007). Thereafter, as measures have been analysed
in detail and investment funds have been secured,
companies have taken decision to implement addi-
tional measures.

Electricity price development

Variable but on the whole increasing electricity prices
and the perceptions held by industry that future
electricity prices will remain at high levels are
fundamental reasons for energy-intensive companies
to improve electricity efficiency. Thollander and
Ottosson (2008) show that “cost reductions resulting
from lower energy use” and “the threat of rising
energy prices” is ranked as the first and fourth most
important among 23 driving forces for energy
efficiency improvement in the Swedish PPI.

Acknowledging the strong underlying motive of
energy cost reductions in the energy-intensive firms
the total gross impact cannot be attributed to PFE
exclusively. The programme does, however, empha-
size electricity efficiency rather than other factors of
production as a prerequisite for industrial competi-
tiveness. It also make requirements and provide tools
for companies to overcome commonly cited barriers
like “the lack of access to capital” and “the lack of
time or other priorities” (Thollander and Ottosson
2008). It is therefore likely that PFE has realised
energy savings that have been overlooked before. The
following section will examine the importance of PFE
by estimating its attributable share of reported
savings, i.e., the net impact of PFE.

Net impact

In a bottom-up evaluation method the gross-to-net
impact conversion is done by adjusting total gross
annual impact with a number of correction factors as
expressed in Fig. 3 and further explained below.

Owing to the PFE documentation and reporting
procedures, it has been possible for the SEA to
estimate a total gross annual impact of 1,450 GW h.
To complete the equation the correction factors needs
to be determined:

& Free-rider coefficient: expresses the share of
savings, ranging between 0 and 1, that would
have been implemented also without the support
from the policy programme.

& Multiplier coefficient (also called spill-over):
expresses the savings that are indirectly caused by
the programme in addition to what was targeted.
Both participant and non-participants can imple-
ment measures without involvement (e.g., financial,
technical or informative support) from the
programme administration. The possible range is
from 0 to in principle very large numbers.

& Double counting coefficient: expresses the poten-
tial effect from overlap and whether savings have
to be shared between different policies and/or
saving measures. The range is between 0 and 1,
where 1 represents a situation without shared
savings.

In an intermediate evaluation of PFE, an attempt is
made to estimate the coefficients (Stenqvist and
Nilsson 2009). Some factors of influence are dis-
cussed in a qualitative manner but the authors
surrender the issue of quantifying all coefficients.
Though there is still a lack of surveys, some new
knowledge is added in the following which allows for
a revision of previous estimates.

Free-rider

In the fifth-year report, the companies have answered
for each measure belonging to the category of
technical and O&M measures how it was identified.
Of the 917 GW h/year of electricity savings it is
claimed that: 43% was identified during the energy
audit; 32% was known from before; and the remain-
ing 25% was identified by other means. Hence,
without the PFE requirement on energy auditing and
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analysis the identification and implementation of 43%
of these savings would not come about, or at least
have been deferred. It is also assumed that the
increased awareness and energy efficiency focus
resulting from a certified EnMS can explain most of
the savings that were identified by other means.
Likewise, the adoption of energy efficient routines is
considered to be a direct result of the PFE participa-
tion. On the other hand there are technical and O&M
measures that were known already from before and
these would probably have been implemented also
without PFE. The last category of supplementary
electricity saving measures involves rather large-scale
upgrading of production processes that to a large
extent is taken to be autonomous improvements.

With this reasoning, it is found that somewhere
around 40% of the electricity savings can be free-rider
savings and to express the uncertainty involved here
the free-rider coefficient is estimated to be in the
range [0.3,0.5].

Multiplier

Energy efficient choices made by PFE companies
may have a transforming effect on the market if
suppliers change their offers to stimulate non-
participants in favouring energy efficient solutions.
Market transformation studies (e.g., sales data analy-
sis) are often recommended to identify such a
multiplier effect (EMEEES 2009; IEA DSM 2005;
SRCI 2001). In one survey, equipment manufacturers
and retailers were asked about how PFE influenced
their business in terms of awareness, demand, offers,
sales, etc. (SEA unpublished report 2007a, b). The
results give interesting, but ambiguous, insight to the
business. A market structure with a lot of middlemen
is revealed. Motor manufacturers, for example, could
observe an increasing demand on energy efficient
motors but since the end-users are unknown to them
so are the reasons for the change in demand. Motor-
related measures are common but PFE is technology-
neutral and it is evident in Table 2 that the 1,254
measures are diverse. This complicates the focus of a
market transformation study compared to a policy
targeting a specific consumer product like cold

appliances. A survey has to be well planned to target
the relevant market actors and, more than impres-
sions, collect actual sales data on the most important
technologies. High efficiency motors and variable
speed drive installations are measures standing out in
terms of increased demand over the last years (SEA
unpublished report 2007a, b). A survey would be
needed to confirm the role of PFE and estimate the
size of a possible multiplier effect behind a market
transformation.

During the 5-year programme period, PFE compa-
nies, mostly in the pulp and paper industry, have
increased their levels of auto-produced electricity with
15% (SEA 2009c). This development has been driven
by the scheme of tradable renewable electricity
certificates along with the price levels of electricity.
It has little to do with PFE, however, and since this
involves supply side measures it is not a case for
multiplier effects. It is possible, anyhow, that EnMS
practices have supported project planning for reaching
optimised solution with regards to the back pressure
turbines and the demand for steam. In such cases,
whenever electricity savings has been an outcome,
this can be reported as a result from routines for
energy efficient project planning. There are some
examples of such company reporting (SEA 2011a).

A multiplier effect can be derived from PFE
participants that apart from electricity savings have
made heat and fuels savings. Due to the tax incentive
PFE only account electricity savings as programme
impact. It can be argued, however, that the EnMS
stimulates a general energy efficiency improvement
concerning all energy carriers (SEA 2008). Case in
point: in the fifth-year report 75% of the companies
voluntarily reported measures related to other energy
carriers than electricity (SEA 2011a). It is not
possible, due to the diversity of measures and
complexities involved (e.g., some measures are fuel
shift rather than energy saving measures), to derive an
impact for the complete data set. It is possible,
however, to separate a subset of measures that are
reported as implemented and for which the energy
savings are clearly quantified (SEA 2011c). These
measures represent heat and fuel savings in the size of
950 GW h/year. Taking this to be a potential result

Fig. 3 Bottom-up calculation for a gross-to-net impact conversion. Source: EMEEES (2009)
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from having a certified EnMS, the multiplier coeffi-
cient can be somewhere in the range [0,0.65].

Double counting

There is no other policy instrument with influence on
the PFE companies that, like PFE, specifically
requires electricity saving measures to be identified,
implemented, monitored and reported. The documen-
tation and reporting procedure includes information
about the companies, their sites and their imple-
mented measures. This information can be cross-
checked to avoid double-counting in case attempts are
made to evaluate electricity savings from partly
overlapping policies. For example, the promotion of
energy efficient products through the EU Ecodesign
Directive represents a support for industrial energy
efficiency improvement. This policy interaction will
probably be enhanced in the future as the revised
Ecodesign and its respective requirements are being
implemented. In a bottom-up accounting of national
energy savings, the concerned agencies will have to
deal with the double counting issue by allocating
savings only to one preferred policy. In the case of the
Swedish Environmental Code that can be used to
mandate energy efficiency improvement (Johansson et
al. 2007), the potential problem of overlapping
regulation has been solved by a decree. This implies
that PFE companies are considered to fulfill any
requirement on energy conservation stipulated by the
Code (SEA 2008). Thereby, the risk for double
counting is reduced since the PFE companies only
need to report their measures to one agency (i.e., the
SEA).

The documentation and reporting procedures
applied in PFE also helps to avoid double counting
between categories of measures. The SEA explains
that the implementation of technical and O&M
measures should be an outcome of energy auditing
and continuous energy management, that the procure-
ment routines concern equipment that is acquired
repeatedly, and that the routines for project planning
involves larger scale restructuring (SEA 2006). Some
companies have claimed it difficult to make a
separation, but in the reporting they are required to
allocate each measure to one or another category and
state the method for verification. Adequate actions
have been taken to reduce the risk of double counting,
but because of the different measures involved (i.e.,

routines as well as technical measures) the occurrence
cannot be fully excluded. We estimate that the double
counting coefficient lies in the interval [0.95,1].

When the estimated correction factors are used in
the formula of Fig. 3, the result is a net annual
electricity saving impact between 689 and 1,015 GW
h. In addition to this, PFE has caused a potential
multiplier effect of up to 950 GW h/year of heat and
fuel savings.15

Clarifications on gross and net impact

The preceding sections have estimated the PFE
electricity savings in terms of gross and net annual
impact, yet some clarifications can help to avoid
misunderstandings about the meaning of these results.
The gross annual impact of 1,450 GW h does not, by
necessity, imply that the participants have decreased
their absolute electricity use by that amount. On the
contrary, the actual electricity demand of the PFE
companies was almost 3% higher in 2008 compared
to 2004 (SEA 2007a, 2011a). This is because plant
throughput and other conditions typically fluctuate
from year to year. Due to the latest economic
downturn, for example, overall production level and
industrial electricity use was much lower in 2009 than
average over the last couple of years. Therefore it is
more accurate to interpret impact as avoided demand
rather than absolute savings.

To be precise, gross annual impact should only be
understood as the estimated savings from the specific
measures compared to the base situation of the prior
operation. Since measures have been implemented over
the whole 5-year period and measurement and verifica-
tions are done by each company, the total gross annual
impact relies on a range of different base situations. To
claim an aggregated PFE gross impact, a practical
approximation is to consider the year before the
programme started (i.e., 2004) as the common base year
for all measures. Figure 4 shows the estimated impact
from 101 companies as the percentage of avoided
electricity use compared to the baseline representing
the companies’ electricity demand in 2004, which was
30 TW h.

15 For reasons of clarity, we avoid mixing net electricity savings
with the heat and fuel savings attributable to the potential
multiplier effect.
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While the gross annual impact of 1,450 GW
h equals almost 4.8% savings, the net annual
impact interval 689–1,015 GW h correspond to
2.3–3.4% savings. The target-level of 1.25% is
clearly exceeded by the collective PFE savings.
Another ten companies can be expected to submit
their final report for the first 5-year period. Since
these are companies with lower electricity consumption
they can only make a marginal contribution to the final
programme impact.

The cost-effectiveness of PFE

The term cost-effectiveness in relation to energy
efficiency policies can have dual meanings: the ratio of
the cost per saved amount of energy (e.g., Euro/MW h)
or; whether the energy efficiency improvement meas-
ures take place where they are the least expensive. Here
the cost-effectiveness ratio for the PFE electricity
savings is assessed from the perspective of society
which includes programme costs for government and
for end-users/companies. The main costs involved are:

& Companies’ investments into electricity saving
measures (2005–2009): 70.8 MEuro (SEA 2011a)

& Companies’ administrative costs to comply with
PFE regulations (2005–2009): 13 MEuro (NUTEK
2008)16

& SEA’s costs for administrating PFE (2004–2009):
4.2 MEuro (SEA personal communication 2008)

From the perspective of society, the annual tax
rebate of 15 MEuro is not considered a cost but a
relocation of capital between government and end-

users. The total cost for society is thus 88 MEuro
between 2004 and 2009. The discount rate is set at
4%. A depreciation period of 12 years is selected
based on simplifying assumptions about the persis-
tence of energy savings. According to recommenda-
tions on measurement and verification methods in the
framework of ESD many industrial energy efficiency
improvement measures are assigned default saving
lifetimes of 15 years.17 The category efficient electric
motors and variable speed drives, however, has a
default saving lifetime of 12 years. Moreover, savings
that arise from good energy management and moni-
toring have default saving lifetimes of 5 years (EC
2010b). Table 2 shows that the PFE impact is
resulting from a variety of measures but that motor-
related and VSD installations have been especially
important. Also, the EnMS-related O&M measures
and the routines applied are essential to PFE. It is a
reasonable approximation to use a uniform 12-year
saving lifetime and depreciation period to all meas-
ures. Thereby, the annualised cost for society is
9.4 MEuro. The gross annual impact implies a unit
cost of 6.5 Euro/MW h. Based on the net annual
impact interval (i.e., 689–1,015 GW h) the unit cost is
9.3–13.6 Euro per MW h of saved electricity,
depending foremost on the presence of free-riders.
This cost calculation compare very favourable to
yearly average wholesale electricity prices which have
been between 29 and 51 Euro/MW h in the period
2005–2009 (Nord Pool Spot AS 2011). Comparison
can also be made with the cost for electricity
production from new generation capacity which
depends largely on the power technology and its
related fees and subsidies. A study based on Swedish
conditions, using a 6% discount rate and a 20-year
depreciation period for commercial energy technol-
ogies, derives results between 16 and 110 Euro per
unit of produced MW h (Hansson et al. 2007).

The second perspective on cost-effectiveness also
deserves some attention. The companies have made
significant investments and still the average payback
period of all measures is less than 1.5 years (SEA
2011b). In interviews, companies have declared that
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Fig. 4 Avoided electricity consumption from PFE measures
compared to the 2004 baseline. Source: SEA (2007a, 2011a)

16 Standard Cost Model (SCM) methodology has been applied
to estimate the costs of administrative activities due to the PFE
law (SFS 2004:1196 2004).

17 The lifetime of energy savings can be a critical factor for
determining policy target achievement. The ESD, for example,
allows for existing policies and early actions to contribute to the
savings target of 9% conditional a lasting effect exists by 2016
(ESD Annex I 2006).
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PFE activities have raised their competence level in
energy management for energy efficiency and that the
EnMS has made them question their former routines
(SEA 2009c). With a macroeconomic perspective this
could indicate an occurrence of firm-specific informa-
tion asymmetries prior to PFE. Based on this perspective
it can be discussed whether addressing the measures has
been overall economically efficient in the sense that the
measures have been implemented where they are least
expensive (see Henriksson and Söderholm 2009).
Theory on information asymmetries implies that
electricity taxes could do a better job in companies
with a high electricity cost share while EnMSs and
other attention-raising activities could be more effec-
tive in companies with a lower electricity cost share,
since the latter are relatively less experienced with
energy efficiency improvement (Ibid.). Given that there
is a positive correlation between electricity demand and
electricity cost share, Eligibility and programme
coverage section has shown that PFE induces a reverse
situation. The largest electricity consumers are eager to
join and substitute the tax with the EnMS (and the
other programme components) while companies using
less electricity are typically facing the tax. The
programme results partly support the theory. Some 40
companies with lower electricity demand (<100 GW h/
year) did join PFE and their average gross annual impact
is 9%. For those, about 60, companies with higher
consumption (>100 GW h/year) the corresponding
figure is 4%. A review of specific sectors shows that
manufacturers of food products and beverages (NACE
15) have found the energy auditing and analysis to be
most useful (Hörnsten and Selberg 2007). The sector as
a whole reported gross electricity savings of 5.3%.
Another less energy-intensive sector, the manufacturers
of wood and wood products (NACE 20), reported
gross electricity savings of 6.7%. This can be
compared with the more energy-intensive sectors (i.e.,
NACE 21, 24, 25, 27 and 28) each of which reported
gross electricity savings close to 3%. This indicates
that the most energy-intensive companies, though they
provide the large bulk of total savings, are less
responsive to PFE and EnMS in terms of their reported
percentage savings. Still, as demonstrated in Goals and
achievement section, the 3% electricity savings
exceeds the estimated impact of a minimum tax at
0.5 Euro/MW h. Consequently, PFE can do a good job
in promoting electricity savings in all the concerned
sectors.

Discussion and remarks on policy implications

This ex-post evaluation shows that the PFE gross
annual impact (i.e., 1,450 GW h) as well as the
interval of net annual impact (i.e., 689–1,015 GW h)
greatly exceeds the estimated annual impact of a
minimum tax (375 GW h) which is interpreted here as
the programme’s target-level. The evaluation also
shows a cost-effectiveness ratio with a relatively low
cost per saved amount of energy. Moreover, PFE has
caused a multiplier effect of heat and fuel savings that
can be as large as 950 GW h/year. On these merits
PFE can be judged successful against its objectives to
improve industrial electricity efficiency while safe-
guarding industrial competitiveness. EnMS proce-
dures have been a key to the successful outcome, as
indicated by the elevated programme impact after the
second year. This result is promising and well-timed
given the opportunity for worldwide EnMS imple-
mentation according to the international ISO 50001
standard being published in 2011. Stimulating indus-
trial EnMS practices as a main ingredient of a VA can
be a viable and cost-effective policy solution. All in
all the continuing 5-year period of PFE is justified. It
can be assumed, however, given the short average
payback period of less than 1.5 years that many “low
hanging fruit” measures were harvested during the
first period. If significant energy savings are to be
realised also in the future, the companies need to
make continuous improvements as prescribed by the
EnMS standard.

There is no officially declared PFE impact target.
Hence, in order to evaluate the programme effective-
ness the authors had to interpret and formulate a
target-level. This assessment is complicated by the
difficulty to envisage the impact on electricity
efficiency improvement from a non-existing counter-
factual situation. Even among non-participating com-
panies, that are facing the minimum tax, it would be
difficult to determine its influence on electricity
consumption. The cost-raising effect is negligible in
view of the increase in wholesale electricity price
observed over the last 5–10 years. On the other hand,
the tax rebate has been an important carrot incentive
for companies to join PFE and undertake the agreed
activities. This is evident among companies with
annual electricity consumption above 100 GW h for
which the programme coverage has been close to
total.
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Below, the 100 GWh/year threshold PFE is gradually
becoming less attractive. As non-participating firms
only account for 15% of eligible industrial electricity
consumption the collective ineffectiveness from the
missed-out savings should not be too large. Neverthe-
less, it is especially companies with lower electricity
consumption (<100 GW h/year) that have reported large
percentage savings. This shows that less energy-
intensive industries have a lot to gain from the
attention-raising activities that are typical for PFE and
some other VAs (e.g., energy auditing and analysis,
EnMS and routines). Hence, there should be a large
potential also for non-participating companies to engage
in the kind of energy management that has proved
successful within all industrial sectors of PFE. It remains
a major challenge for policy makers as well as
commercial players (e.g., ESCOs) how to best stimulate
these companies, with relatively high saving potentials,
to make energy efficiency improvements. As an
alternative policy instrument an industrial energy audit
programme for SMEs was launched in 2010. It offers
subsidized energy audits, requires companies to set up
an energy plan and finally to report their implementation
of measures (STEMFS 2010:2). Ex-ante estimates are
expectant (Thollander and Dotzauer 2010) but since
the scheme will remain for 5 years it is too early to
evaluate its effectiveness.

Supported by the PFE documentation and reporting
procedures, this paper used a bottom-up approach to
evaluate gross and net impact. Another option would be
a top-down approach to examine how the industrial
electricity intensity has developed prior to and during
the PFE period, then single out the actual electricity
efficiency improvement and attribute an appropriate
share to PFE. Given the heterogeneity between and
within industrial sectors this methodology might not be
feasible. At least it would require additional reporting by
the companies and further data analysis by the admin-
istrating agency, which would increase administrative
burden. Currently, the cost carried by the SEA for
administration, which only partly goes to monitoring
and evaluation (M&E), has equalled 5% of the total
programme cost (see The cost-effectiveness of PFE
section). Given that cost for M&E should be kept at
reasonable level, the feasibility of such an evaluation
effort would need to be more closely examined.

In addition, a bottom-up methodology needs to
compromise between accuracy and evaluation cost. It
is expressed by the net impact interval that the gross-

to-net impact conversion suffers from uncertainties.
Additional surveys could serve to improve the
accuracy of the free-rider coefficient and provide
better evidence for estimating a multiplier effect.
Ideally, an evaluation plan is developed in the early
phase of planning and formulating a policy instru-
ment. In PFE such a plan could have served to
integrate all necessary data into the overall documen-
tation and reporting procedure, still with respect to the
administrative burden shouldered by companies. In
this way, relevant correction factors and other details
would be given systematic attention and the need for
supplementary surveys or making guesstimates could
be avoided. An evaluation plan can also identify the
forthcoming energy efficiency targets that the policy
instrument should contribute to. The work of the
EMEEES project on EU harmonised evaluation meth-
odologies deserves some attention in this regards. To
better pinpoint additionality is not only an issue about
accountability against set targets. It also has a practical
importance in strive for cost-effective policy implemen-
tation. The ESD does not explicitly require that only
additional energy savings are counted against the 9%
target of 2016. It does mention, though, that evaluation
methods should be cost-effective and minimise admin-
istrative burden while reaching an acceptable level of
accuracy. These considerations, i.e., reaching a cost-
effective policy impact that can be monitored and
evaluated by practical methods, is highly relevant also
in view of the EU target of saving 20% of the projected
primary energy demand in 2020.

With its process perspective, this evaluation has
strived to go beyond the focus of quantifiable impact.
Activities like the energy audit and analysis, the certified
EnMS, the routines for energy efficient procurement and
project planning, would unlikely come about in the
absence of PFE. Neither would companies have been
incentivised to document and report savings and thereby
improve their practices for monitoring and verification.
These are programme components with capacity to alter
organisational structures around energy issues in the
companies and at their industrial sites. PFE has been an
impetus for such organisational changes that, in turn,
can have long-lasting effect in terms of energy efficiency
improvement.
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Abstract
The Swedish pulp and paper industry (PPI) accounts for al-
most 50 percent of industrial final energy use. It is an energy-
intensive industry and process optimization is seen as pre-
requisite to compete on the global market. This alone should 
motivate company boards and on-site organisations to put 
energy management high on the agenda. Definitely, from time 
to time, energy issues (e.g. fuel shifts, selling of generation ca-
pacity, and more lately increasing auto-produced electricity) 
have been managed with respect to the combined effects of 
policies and market forces. Yet, it was first after 2004 that the 
industry implemented energy management systems (EnMS), 
with particular focus on energy efficiency, and received cer-
tification according to the Swedish and later the European 
standard. This was required by the Programme for improv-
ing energy efficiency in energy-intensive industries (PFE), a 
five-year voluntary agreement in which some 100 companies 
reported gross annual electricity savings of 1.45 TWh, equal 
to 5 percent of base year consumption. This result highlights 
the potential role of an EnMS in raising awareness and facili-
tating investments. In this paper we analyse the case of the 
Swedish PPI; its relation to energy issues in previous periods 
and the formalised EnMS practices of recent years. We pose 
the questions: How are standardised EnMS structured and 
put into practice? What are there measurable effects and other 
discernible outcomes? The results are based on in-depth in-
terviews with energy management coordinators at eight pulp 

and paper mills. The experiences with EnMS are found to be 
predominantly positive. EnMS has changed organisational 
structures and created greater focus on energy efficiency, 
which has resulted in quantified energy savings. Considering 
that EnMS implementation and certification is at a pioneer-
ing stage and that the international ISO  50001 standard is 
currently being developed, these are important results for the 
future of EnMS in industry.

Introduction
Close to a third of global energy use and almost 40 percent of 
the carbon dioxide emissions are attributable to the manufac-
turing industries (IEA, 2009). Energy efficiency improvement 
can be a means to several ends but from the business perspec-
tive held by industry representatives it serves foremost to gain 
competitive positions. This is not to say that energy efficiency 
is always prioritised across industry and this is important to 
consider for the achievement of societal goals like energy 
saving and climate mitigation targets. In fact, it is absolutely 
necessary for fulfilment that all sectors of society, not the 
least energy-intensive industries, make substantial contribu-
tions. Exploiting the full potential of energy efficiency im-
provement requires continuous and systematic attention. To 
facilitate such corporate management many national Energy 
Management System (EnMS) standards have evolved over the 
last decade.

In Sweden, a national EnMS standard was introduced with 
the voluntary agreement Programme for improving energy 
efficiency in energy-intensive industries (PFE) which is ad-
ministrated by the Swedish Energy Agency (SEA). Since 
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2004, through its combination of incentives and obligations1 
PFE has stimulated some 100 energy-intensive2 companies 
to implement and become certified for their use of EnMSs.3 
After 2009, when the first five-year programme period was 
concluded, PFE was cited as a success (SEA, 2011a). The 
companies reported 71 MEUR of investments into electric-
ity savings measures that, in combination with many zero-
cost measures, generated gross annual electricity savings of 
1.45  TWh (i.e. almost 5  percent of their annual electricity 
demand). The average straight payback period of these meas-
ures was less than 1.5 years (SEA, 2011a). The cost for soci-
ety has been estimated at a low 6.5 Euro per MWh of saved 
electricity, thus being clearly favourable compared to market 
electricity prices and cost of new generation capacity (Sten-
qvist & Nilsson, 2011). Considering that many PFE compa-
nies belong to truly energy-intensive sectors (e.g. pulp and 
paper, chemical industry, manufacture of basic metals) the 
observed results are rather intriguing and in contradiction to 
economic theory stating that the market place alone creates 
a high and persistent energy consciousness within energy-
intensive firms. According to some scholars, the use of en-
ergy efficiency programmes to stimulate an attention-raising 
effect among energy-intensive firms is viewed unnecessary 
(Brännlund & Kriström, 2010). Their solution for an effec-
tive climate policy is rather a global tax or an emissions trad-
ing scheme to internalise the externality (i.e. carbon dioxide 

emissions). Also in practice on an EU policy level there are 
expectations on EU ETS and the Energy Taxation Directive to 
encourage take-up of remaining energy savings opportunities 
in energy-intensive firms (EC, 2011). The European Commis-
sion does, however, also recognise that some obstacles need 
to be addressed by other measures. For large companies the 
Commission plans to propose regular energy auditing to be-
come mandatory and it also recommends Member States to 
incentivise the implementation of standardised energy man-
agement systems (EC, 2011).

Previous experiences from voluntary agreements that in-
clude obligations on energy management practices in energy-
intensive firms show that these provide cost-effective energy 
savings beyond business-as-usual (Worrell et al., 2009). The 
Swedish PFE provides another example that allows us to chal-
lenge the hypothesis of adequate energy consciousness in ener-
gy-intensive firms and more specifically to analyse the potential 
contribution from standardised EnMS practices.

1. Participants are exempted from the EU minimum tax on electricity of 0.5 Euro 
per Mwh. in return, each company is required to: conduct an energy audit and 
analysis; identify and invest in profitable electricity saving measures; implement 
and certify an EnMS; introduce routines for energy efficient procurement and 
project planning; report their progress to the SEa.

2. according to the definition of the EU Energy Taxation Directive (2003/96/EC) a 
company is energy-intensive if: (1) purchases of energy products and electricity 
amount to at least 3 percent of the production value and/or (2) the energy-, carbon 
dioxide- and sulphur tax on energy products and electricity used by the company 
amount to at least 0.5 percent of the added value. PfE companies belong to the 
following industrial sectors: pulp and paper; chemical products: steel and metal; 
mining and quarrying; mineral products: saw mills and manufacture of wood prod-
ucts; manufacture of food products.

3. initially according to the Swedish SS 62 77 50 and then according to the Euro-
pean En16001 standard.

PurPose	And	reseArCh	questIons

Given the potential capacity of a standardised EnMS in rais-
ing awareness and facilitating energy efficiency improve-
ment in energy-intensive firms (as well as other firms) it is 
important to study the practical implementation that makes 
such changes come about. In light of the development with 
many national EnMS standards being launched and now also 
consolidated into international standards it is of interest to 
study the response among industrial actors. Therefore, in 
this paper we present the case of standardised EnMS in the 
Swedish pulp and paper industry (PPI). The key questions 
being posed are: How is a standardised EnMS structured and 
activated? Which are the measurable effects and other dis-
cernible outcomes?

outlIne

In a first section of this paper some basic concepts related to 
energy management are presented. Then, as a point of refer-
ence we present results from previous research on industrial 
energy management practices, with preference for its occur-
rence within the Swedish PPI. Next, based on conducted inter-
views we are able to present how the more formalised EnMS 
practices in recent years have materialised in eight studied pulp 
and paper mills. For the reflections on measurable effects from 
certified EnMS a quantitative assessment illustrates the size of 
electricity savings implemented as well as the development of 
absolute and specific electricity consumption at the mills. In a 
final section we conclude the overall results and reflect about 
possible implications for the future of EnMS implementation 
and certification according to international standard.

Background	and	concepts

defInIng	energy	mAnAgement

The concept of energy management is defined by Capehart et 
al. (2008) as:

The efficient and effective use of energy to maximize profits 
(minimize costs) and enhance competitive positions.

While pointing out the objective of energy management this 
definition does not describe the procedures that constitute en-
ergy management. Certainly, for any profit-seeking organiza-
tion, and especially one where the cost share for energy prod-
ucts is significant, this objective of energy management should 
be inherent in the business. This, however, does not ensure that 
appropriate energy management procedures are practiced. On 
the contrary, the existence of energy efficiency gaps indicates 
that such are often absent across sectors of energy end-users 
(Jaffe & Stavins, 1994). In Sweden, the energy saving potential 
in some energy-intensive sectors4 has been estimated at 10 per-
cent by the year 2016. This means that a forecasted increase in 
industrial energy demand can be avoided through a more ef-
ficient energy use (SOU 2008:110, 2008, p. 215). The estimate 
is conservative since it only takes into account savings from 
technical measures and not behavioural changes (i.e. O&M), 
the latter being central in EnMS practices. Moreover, the un-

4. The sectors of: iron and steel, pulp and paper, refineries and petrochemicals.
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derlying assumptions on energy prices levels from 2005 and 
onwards has been greatly exceeded by actual developments. 
Energy efficiency improvement should therefore have become 
even more attractive than expected.

The emphasis on efficient energy use as the means to maxi-
mize shareholder value is an important to make. It can certainly 
be imagined a firm in which the increased energy use enables 
higher production levels and thus improved profits. However, 
if the increased production capacity has deficient energy per-
formance the same firm will become more exposed to increas-
ing energy prices and the shrinking profit margins that follow. 
In situations with low market demand or increasing energy 
prices the poorly performing production capacity ought to be 
suspended first. At stake here is to keep a constant focus on 
maintenance and further improvement to attain energy efficient 
production processes and auxiliary systems that will allow the 
company to minimize its energy use per unit of output (mon-
etary or physical) and thereby uphold a competitive position.

In one or the other way energy related issues is always being 
managed but with an EnMS that prioritizes the efficiency as-
pect, the company can avoid the risk that other objectives take 
overhand. Moreover, even if there is a clear focus on energy effi-
ciency, as with everything else, management can be poor. With 
an EnMS an industrial company is helped to structure and in-
corporate its energy management ambitions into the daily op-
erations. The basic principles are the same as for other types of 
management systems, e.g. environmental management systems 
like ISO 14001. Following the cyclic “Plan-Do-Check-Act” ap-
proach, as depicted in Figure 1, the company shall: establish 
goals and procedures that correspond to the energy policy and 
requirements of relevant stakeholders (plan); implement the 
necessary procedures (do); monitor the manufacturing proc-
esses with regards to the policy, the significant energy aspects 
and specified targets and also report the results (check); take 
actions to continuously improve the performance of the proc-
esses (act) (SIS, 2003).

A proper EnMS implementation requires documentation 
and activation of an organisational structure including the 
work planning to identify tasks and responsibilities (SIS, 
2003). Internal revisions should be conducted regularly to 
make sure that work keep up with requirements set by the 
standard document and the energy policy. External revisions 
performed by an accredited auditor can give further recogni-
tion as the company receives a certification according to the 
standard. It is evident from at least ten national EnMS stand-
ards released over the last decade, from Denmark in 2001 to 
China in 2009, that there are prospect for EnMSs to facili-
tate industrial energy efficiency improvement (Kahlenborn, 
2010). The European EN 16001 was released in 2009 and there 
is ongoing work to conclude the international ISO 50001 in 
2011. By time the numerous national standards are likely to 
be phased out in favour for the internationally agreed docu-
ments. In the Swedish PFE, for example, EN 16001 substitutes 
for SS 62 77 50 since 2009, and when the ISO 50001 is avail-
able it will probably succeed.

energy	And	the	PulP	And	PAPer	Industry

The energy use in the PPI varies considerably depending on 
the production process. There are many different pulping pro-
cesses but the two main routes are mechanical and chemical. In 

electricity-intensive mechanical pulping, wood chips are pro-
cessed in large grinders and nearly all the wood ends up in the 
pulp which is used for paper such as newsprint. In an integrated 
mill the heat is recovered from the mechanical pulping process 
and the steam produced is used for drying the paper and other 
processes. Chemical pulping is used to produce stronger high 
quality fibres and involves dissolving the lignin in a chemical 
cooking process. About half of the wood ends up in the spent 
pulping liquor that is concentrated in evaporators. The result-
ing black liquor is combusted in chemical recovery boilers and 
the bark component can also be combusted in separate boilers. 
The high pressure steam produced is used for CHP generation, 
enough to meet all the steam and electricity demands of a mod-
ern chemical pulp mill. In 2008, the Swedish PPI consisted of 
56 mills. Their fuel use was 218 PJ of which 94 percent was 
bio-energy, mainly in the form of black liquor. The total elec-
tricity demand amounted to 22 TWh5 of which back pressure 
turbines auto-produced 6 TWh, equal to 25 percent of the de-
mand. (SFIF, 2011)

Energy is clearly an integral part of the energy-intensive 
PPI. Management of energy issues has thus been important to 
respond to changes in relative energy prices and various en-
vironmental and energy policies. In the 1970s, the dramatic 
increase in oil prices set off a fuel switch in the PPI from oil 
to biomass and partly electricity. The oil substitution, which is 
still ongoing, has later also been motivated by the Swedish car-
bon tax that was introduced in 1991 and more recently the EU 
ETS that was introduced in 2005. Fossil fuels now account for 
only 6 percent (2008) of the fuel consumption in the PPI (SFIF, 
2011), which aims to phase out all fossil fuels from the produc-
tion processes by 2020. The introduction of the Swedish carbon 
tax also created a market for wood fuels and the forest industry 
(i.e. subsidiaries within the PPI groups) started to deliver wood 
chips, pellets and other fuels on a large scale to outside buyers, 
in particular the district heating sector. Over the past decades 
there has also been a steady growth in the number of pulp and 
paper mills that deliver waste heat to neighbouring district 
heating systems. In 2007, 22 pulp and paper mills delivered 
1495 GWh of heat to district heating systems (Wiberg, 2007).

5. To put this in perspective it is equal to 16 percent of Sweden’s electricity demand 
(SEa, 2009).

 
Source: SIS (2003) 

 
Figure 1. The PDCA approach of a standardised EnMS.  

Source: SIS (2003)
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Another, more recent, development in the PPI is the great 
interest in electricity-related investments. There have been 
substantial investments in process-integrated electricity pro-
duction and many companies have announced ambitious in-
vestment plans for wind power. These investments, which are 
described in Ericsson et al. (2011), represent a fundamental 
trend break to the 1990s and early 2000s, during which the 
PPI divested many of its off-site power assets (hydropower and 
nuclear power). According to Ericsson et al. (2011) this reori-
entation follows from policy driven changes in the underlying 
economic conditions in the sector, in particular the increase 
in electricity prices and expectations of permanently higher 
electricity prices in the future. Since the early 2000s, the PPI 
has faced increasing electricity prices following the electricity 
market reform and the introduction of the EU ETS. The reo-
rientation has, however, also been driven by the opportunities 
created by the Swedish quota obligation scheme with tradable 
renewable electricity certificates (TRECs) that was introduced 
in 2003 (Ibid). The additional income from sales of TRECs has 
greatly improved the profitability of investments in biomass-
based CHP.

exPerIenCes	In	energy	mAnAgement

The previous section showed that for the last decades the PPI 
has been heavily involved in strategic considerations and deci-
sion making concerning the supply of different energy carri-
ers. More related to the concept of energy management is that 
apart from driving investments in new power assets increas-
ing electricity price has become a trigger for increased focus 
on energy efficient production processes. Due to the historical 
low electricity prices that created a competitive advantage to 
the PPI and Swedish industry in general, the issue has become 
more acute in the post 2000 period than before (Trygg & Karls-
son, 2005).

A relevant study is Thollander and Ottosson (2010) that ex-
amines, based on a questionnaire sent out in 2007, some as-
pects of energy management practices in the Swedish PPI. At 
that time the industry had been participating in PFE for two 
years and had just received certification for their EnMSs. As-
pects considered by Thollander and Ottosson (2010) were: the 
strictness on payback criteria for energy efficiency investments; 
the existence of long-term energy strategies; and procedures 
on energy cost allocation. These indicators were then used to 
categorize how successful the mills were in their energy man-
agement practices. On a rather rough three grade scale 40 per-
cent out of 40 responding mills were categorized as success-
ful. Hence, there seems to be some potential for improvement. 
Nevertheless, all the mills did receive EnMS certification from 
authorised third-party auditors. Since the three aspects used 
by Thollander and Ottosson (2010) to judge success are not 
explicitly mentioned in the Swedish EnMS standard this does 
not appear contradicting. Questions can be raised about how 
EnMS practices are best evaluated in addition to the stamp of 
approval issued by external auditors. Therefore, in this point of 
time when the same mills have applied their EnMSs for another 
four years as required by the PFE participation, it is motivated 
to complement previous studies to describe the current status 
of EnMS practices in Swedish PPI.

methodology	and	empirical	base

the	reseArCh	methodology

A main objective for introducing a standardised EnMS is to 
facilitate a management around energy efficiency so to enhance 
the competitive position of the firm. In this regard a measur-
able energy efficiency improvement that is assumed to be cost-
cutting at the plant or company level can be viewed as one, 
though not the only, indicator of successful EnMS practices. 
A specific technical measure such as replacement of an indus-
trial motor of poor efficiency with one of higher efficiency class 
generates instant electricity savings that depending on various 
conditions may persist to deliver annual savings for several 
consecutive years (CEN, 2007). Technical measures alone does 
little, however, to arrange an organisation for giving preference 
to energy efficiency and making it a core value for enhanced 
competitiveness and so shifting the mindset of management 
and staff. Yet being difficult to measure there should be large 
potential for such changes to influence energy efficient deci-
sion making and behaviour in the longer run (e.g. in terms of 
procurement procedures). The measurable impact in terms of 
energy efficiency improvement may arise long after such or-
ganisational changes are undertaken.

Based on this reflection we argue that multiple indicators 
must be used to describe the status and judge the success of 
EnMS practices. Since these are the intentions of this paper, 
the empirical base is both of a qualitative and quantitative na-
ture. This dual approach is found necessary to obtain answers 
to the key questions posed in the introduction. Qualitative, and 
partly quantitative, data was gathered by the means of site visits 
including interviews with appointed energy management rep-
resentatives at eight different mills. These in-depth and semi-
structured interviews concerned issues on EnMS structure and 
activation at the mills. The answers from respondents provided 
enough material to frame five headlines that, inspired by litera-
ture (e.g. Capehart et al., 2008), highlights key issues on how an 
EnMS is structured and put into practice. The results from the 
interviews are presented under the following headlines: Energy 
management coordinator; Management and staff commitment; 
Energy cost allocation; Monitoring and reporting; and Train-
ing.

the	IntervIewed	fIrms

The empirical base of this paper originates from eight pulp and 
paper mills of varying size, type and geographic location. The 
selection of mills was done according to a few criteria. All re-
spondents should participate in PFE that requires companies 
to implement and certify EnMSs. From 2005 to 2009 PFE has 
engaged about 100 energy-intensive firms and in total some 
250 industrial sites in different industrial sectors. This study is 
focusing on the pulp and paper industry, which in Sweden cov-
ers about 45 companies and almost 60 mills.6 At a conference 
arranged for PFE companies one author of this paper attended 
and established contact with representatives from several mills. 
After some correspondence the representatives of the eight 
mills, being presented in Table 1, accepted to be respondents. 

6. it is common in the PPi that each mill operates as a separate business unit with 
an individual company registration number.
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Data was collected during site visits that included interviews 
with appointed persons and shorter round tours at the produc-
tion site. All visits, that lasted between one and three hours, 
were made over a period from February to June 2010.

quAntItAtIve	dAtA	sourCes

For the eight mills, in order to enable interpretations of meas-
urable effects from EnMS practices, the following data has been 
compiled and analyzed: electricity consumption; specific elec-
tricity consumption; and reported electricity savings during the 
course of PFE. The focus on electricity is due to the accessibil-
ity of such data. The requirement on EnMS implementation 
was introduced with PFE that in particular targets electricity 
savings in its substitution for the EU minimum tax on electric-
ity (Stenqvist & Nilsson, 2011). For this reason the companies 
have only been obliged to identify and report their electricity 
savings measures to the SEA which in turn has provided this 
data (SEA, 2011b). Other energy savings measures (i.e. heat 
and fuels) have also been implemented under the guidance of 
the EnMS as made evident by the voluntarily reporting made 
by some companies.

The data on absolute and specific electricity consumption 
has been compiled from publicly available data provided by the 
Swedish Forest Industries Federation (SFIF, 2011). Its member 
companies from the entire PPI annually reports physical pro-
duction as well as energy and emission related figures. The ana-
lysed time period (2005-2009) equals the period during which 
standardised EnMSs have existed at the mills.

energy	management	practices	at	the	mills

energy	mAnAgement	CoordInAtor

To implement, develop and activate the EnMS a competent 
employee needs to be appointed with responsibility for coordi-
nation and thus become the Energy Management Coordinator 
(EnMC) at the company or industrial plant (Capehart et al., 
2008). At all the mills there were one employee in such position 
and he or she was also among the persons being interviewed. 
Though their job titles varied (e.g. process engineer, energy 
manager, energy management coordinator etc.) it became clear 
as they described their work tasks that they were in the EnMC 
position at the mill. Coordination in the multi-divisional struc-
ture common for a pulp and paper mill involves work planning, 
communication and following up the progress. Internal com-
munication was conducted with appointed staff members and 
also, though less frequently, with management representatives, 
i.e. production manager, energy manager, the manager of the 
mill. External communication involved the EnMC reporting 
to authorities according to regulations on energy and envi-
ronmental matters. Common for all mills was that the EnMCs 
were not solely occupied with work on energy management 
as they all had multiple tasks to handle. A substantial part of 
their work, however, equalling about 25 percent of full-time, 
was devoted to EnMS activities.

mAnAgement	And	stAff	CommItment

The commitment from management is considered crucial 
for successful EnMS operation (Capehart et al., 2008). For 
some mills the EnMS was represented by a person in the top 

management group who was also the signatory of the energy 
policy. In other mills the EnMC, though not being member 
of management, was the appointed management representa-
tive. In any case, the interviews with the EnMCs confirmed 
that top management was supportive in the work for energy 
efficiency improvement. The participation in PFE was an im-
portant incentive in this regard. Mills that belonged to larger 
company groups with strong production bases in Sweden were 
often involved in group-wide activities about energy efficiency 
to exchange experiences and knowledge build-up.

Given the complexity of a pulp and paper mill, i.e. produc-
tion processes that involve people with advanced technology 
and are fuelled with different energy carriers through an in-
frastructure of conversion and distribution technologies, the 
EnMC cannot independently keep control over the entire 
EnMS domain. Also, given the number of staff in these large 
size plants, often between 500 and 1000 employees plus some 
contracted personnel, it is impossible for a sole EnMC to di-
rectly communicate and engage with the entire work force. For 
energy management practices to spread across the mill staff in 
various positions and with different competences will have to 
be engaged to support the EnMC.

It was clear from the visited mills that all EnMCs had cer-
tain contact persons within the organisation. Most often the 
EnMC had appointed contacts at each important production 
step which in an integrated pulp and paper mill typically in-
cludes the following divisions: wood preparation and debark-
ing; pulping; bleaching; paper making (often by multiple paper 
machines). In three of the mills these contacts were referred to 
as division-level EnMCs which clearly indicates their connec-
tion to the EnMS. In other mills, without making this desig-
nation, it was an agreed task of process engineers to report to 
the overhead EnMC whenever needed (e.g. in case of deviation 
from normal operation).

The EnMS teamwork can be organised in different ways, 
but Capehart et al., (2008) recommends a structure with one 
technical committee and one steering committee. The former 
consist of people with strong technical background that can 
assist the EnMC and division-level staff in specific situations 
and also keep the organisation updated on the advancement of 
energy efficient solutions. The role of the steering committee  6 

 

Table 1. The interviewed mills. 
Mill No. of  

employees 
Prod. [kt] 

p=pulp / pp=paper 
Electricity  
use [GWh] 

 355 p: 380 284 

 720 p: 170, pp: 335 504 

 150 p: 30, pp: 55 67 

 
 

950 p: 555, pp: 600 820 

 900 p: 625, pp: 830 2036 

 190 p: 40, pp: 30 88 

 870 p: 600, pp: 495 718 

 400 p: 403 486 

Data from 2008 or 2009. Source: SFIF (2011) 
 
 
 
 
 

Quantitative data sources 
For the eight mills, in order to enable interpretations of measurable effects from EnMS practices, the following data 
has been compiled and analyzed: electricity consumption; specific electricity consumption; and reported electricity 
savings during the course of PFE. The focus on electricity is due to the accessibility of such data. The requirement 
on EnMS implementation was introduced with PFE that in particular targets electricity savings in its substitution for 
the EU minimum tax on electricity (Stenqvist & Nilsson, 2011). For this reason the companies have only been 
obliged to identify and report their electricity savings measures to the SEA which in turn has provided this data 
(SEA, 2011b). Other energy savings measures (i.e. heat and fuels) have also been implemented under the guidance 
of the EnMS as made evident by the voluntarily reporting made by some companies. 
The data on absolute and specific electricity consumption has been compiled from publicly available data provided 
by the Swedish Forest Industries Federation (SFIF, 2011). Its member companies from the entire PPI annually 
reports physical production as well as energy and emission related figures. The analysed time period (2005-2009) 
equals the period during which standardised EnMSs have existed at the mills. 

Energy management practices at the mills 

Energy Management Coordinator 
To implement, develop and activate the EnMS a competent employee needs to be appointed with responsibility for 
coordination and thus become the Energy Management Coordinator (EnMC) at the company or industrial plant 
(Capehart et al., 2008). At all the mills there were one employee in such position and he or she was also among the 
persons being interviewed. Though their job titles varied (e.g. process engineer, energy manager, energy 
management coordinator etc.) it became clear as they described their work tasks that they were in the EnMC 
position at the mill. Coordination in the multi-divisional structure common for a pulp and paper mill involves work 
planning, communication and following up the progress. Internal communication was conducted with appointed 
staff members and also, though less frequently, with management representatives, i.e. production manager, energy 
manager, the manager of the mill. External communication involved the EnMC reporting to authorities according to 
regulations on energy and environmental matters. Common for all mills was that the EnMCs were not solely 
occupied with work on energy management as they all had multiple tasks to handle. A substantial part of their work, 
however, equalling about 25 percent of full-time, was devoted to EnMS activities. 

Management and staff commitment 

table	1.	the	interviewed	mills.
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should be to assist the EnMC in guiding the EnMS activities 
and raise awareness at division-level. None of the interviewed 
mills had established two distinct committees. Instead, in all 
the mills there were at least one and sometimes several energy 
management groups of mixed composition. In practice the ba-
sic function appears to be the same. A group typically consisted 
of the EnMC, division-level process engineers and technical ex-
perts enrolled from the maintenance as well as from the project 
department. They met regularly a few times per year in order 
to evaluate the list of proposed energy efficiency measures and 
prepare decisions on implementation.

To quantify the total staff involvement, the EnMCs were 
asked to estimate the number of employees directly involved 
in work related to the EnMS and energy efficiency improve-
ment, either from time to time or on a more regular basis. The 
estimates varied from 6 to 50 persons, which depending on the 
size of the mill corresponds to between 2 and 5.5 percent of the 
entire staff.

energy	Cost	AlloCAtIon

A common barrier to energy efficiency is the split incentive 
situation that arises when end users are not held accountable 
for the costs of their energy use. In a manufacturing industry 
this occurs when energy costs are accounted for as part of the 
general overhead, which will give less incentive for a division 
in the plant to reduce its energy use. To overcome the potential 
split incentive barrier, the plant’s energy use should be sub-me-
tered to enable cost allocation based on the actual consumption 
of each division or important process that constitutes a cost 
centre. In their study Thollander and Ottosson (2010) exam-
ined the status of energy cost allocation in the Swedish PPI and 
concluded that: 66 percent made energy cost allocation based 
on sub-metering; 8 percent based on square meters; and 5 per-
cent based on number of employees. The remaining 21 percent 
made no allocation at all.

The interviews confirmed that sub-metering and related en-
ergy cost allocation, as well as energy revenue allocation (e.g. 
some divisions supply others with steam) can be a complex is-
sue in a pulp and paper mill, which is probably the case also for 
other heavy process industries. On the basis of their production 
processes all the mills are organised into divisions and in all but 
one mill each division also represents a cost centre. A category 
of five mills claimed to be allocating energy costs based on the 
actual usage controlled by adequate sub-metering systems for 
electricity and steam, consisting sometimes of up to 80 meter-
ing points. Some of these mills could also express the specific 
consumption of different fuel types (e.g. bio-energy, fuel oil, 
and diesel) down to division-level. These five mills were rather 
content with their sub-metering system but could anyway ex-
press some difficulties concerning the precision of the electric-
ity metering as some processes were simultaneously fed from 
several low voltage switchgears. This was a greater concern for 
a second category of two mills. Their number of switchgears 
was insufficient for doing an electricity cost allocation based on 
constant sub-metering. Instead the energy invoice was approxi-
mately allocated to the division level by the help of periodic use 
of portable metering equipment. Improvement of the metering 
system was planned by one of these mills. One mill was organ-
ised as a single cost centre. It was anyhow divided into larger 
production processes and equipped with an adequate sub-me-

tering system to monitor the specific energy consumption of 
each such process. This represents an interesting case where 
the information on process level energy consumption is acces-
sible and visible to staff and management, while the economic 
incentives for division level energy efficiency improvement are 
not as apparent.

A special case for several mills was compressed air, an en-
ergy carrier often regarded as a common resource. Hence, the 
cost allocation to the divisions needs to be done by some other 
means than a consumption based rate. It is stated by at least 
three mills that the common ownership of the compressed air 
system, with the maintenance department being responsible 
for service, makes it difficult for staff at the division level to 
identify measures on this equipment. These mills also stated 
they have implemented none, or only a few, measures related to 
compressors or sealing of air leakage.

monItorIng	And	rePortIng

In addition to cost allocation it can be discussed how a sub-
metering system can support monitoring of specific energy 
consumption and the assessment of the production’s energy 
performance. With a capacity to gather substantial amount of 
energy related data it is also of interest how such data is being 
transferred and reported internally, and perhaps externally, to 
stimulate energy efficiency improvement. Moreover, whenever 
an energy efficiency improvement measure is implemented, the 
EnMS should make sure that energy savings are estimated and 
verified in an appropriate manner.

Five mills had automatic meter reading to assimilate real-
time data from the metering devices (mainly for electricity and 
steam) and transfer it to a database accessible via the compa-
nies’ intranet. Depending on the size of these mills the num-
ber of meters, for electricity and steam consumption, varied 
between 20 and 80. The energy consumption data was com-
bined with physical production data to provide the specific 
consumption of different energy carriers (e.g. kWh/ADMt7). 
Continuous monitoring was used to confirm that acceptable 
levels were maintained. At one of the mills there was an alarm 
being triggered upon significant deviation. This called for a 
prompt reaction from the responsible process engineer to find 
an explanation and possible solution to the abnormity. Another 
mill mentioned a procedure of reporting eventual deviations 
at daily meeting and shift changes to facilitate a follow-up on 
such information. Several mills mentioned that data on specific 
consumption was used to keep track on processes identified as 
significant energy aspects by the EnMS. The electricity-inten-
sive thermo mechanical pulping process provided one example 
where sub-metering data was used to compare the performance 
of refiners and make evident, for example, a need for replac-
ing refiner plates. At all mills the EnMCs compiled reports to 
make annual comparisons of the specific energy consumption 
for different energy carriers. This was done on the plant level 
and, whenever sub-metering allowed for it, at the division or 
process level. Two of the mills mentioned that this was done 
even on a monthly basis.

Due to their participation in PFE, all mills are required to 
identify and implement electricity savings measures with a 

7. aDMt stand for air-dried metric tonnes of pulp.
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payback period of less than three years. In their reports to the 
SEA they also have to estimate the size of achieved savings. For 
answering to this but also driven by internal company demands 
the mills had developed methods to assure evaluation of their 
measures. To some extent such methods was practiced also be-
fore the EnMS, but most mills claimed they had made advance-
ments. In a survey of the whole PFE collective, 80 percent of 
the PFE participants claim that the EnMS has introduced new 
methods for monitoring energy use that have been valuable for 
the energy efficiency improvement (Hörnsten & Selberg, 2007).

The interviewed mills described their methodologies applied 
for evaluating electricity savings as a combination of engineer-
ing estimates using on-site data and direct metering of the end-
use load. For energy efficiency measures on motors, portable 
metering equipment has been used to meter the electricity con-
sumption during a couple of days before implementation. After 
the installation the equipment has been metered again and the 
difference in load has been multiplied by the normalised an-
nual hours of operation. The result constitutes the annual elec-
tricity savings. When direct metering has not been feasible the 
electricity savings have been estimated based solely on theoreti-
cal calculations. Sometimes this is the preferable method (i.e. 
being more accurate) as can be the case for pumping equip-
ment with an intermittent operation.

trAInIng

Training is another aspect and requirement of a standardised 
EnMS. Staff in different divisions and with specific work tasks 
will have diverse opportunities to influence the energy per-
formance of the manufacturing processes. Supportive training 
may be essential if this is to be realised in the best possible way. 
As part of the EnMS it should be identified what type of train-
ing that is needed and for what staff. Since energy efficiency 
improvement can be achieved from different angles (e.g. opera-
tion & maintenance, procurement, project planning etc.) sever-
al target groups may benefit from training. Since organisations 
are changing (e.g. staff is being replaced) and technical systems 
are being altered (e.g. new technology is being installed) train-
ing needs to be given continually.

The interviews gave diverse answers concerning the train-
ing that had been conducted since the EnMSs had been intro-
duced. A distinction should be made between actual training 
sessions and dissemination of information. To the former cat-
egory belongs both examples on broad training or lecturing 
targeting awareness raising among all employees, but also more 
specialized training for certain operators of equipment. At all 
mills the EnMCs had spread the information to all employees 
about the existence of an EnMS to facilitate energy efficiency 
improvement. This action cannot be considered training but 
rather a call for everyone to be aware and support the work. At 
these occasions, the staff have been encouraged to identify and 
give own proposals on energy efficiency measures.

At two of the mills all employees, more than being informed, 
had received a few hours lecture on energy and environmen-
tal issues of importance to the mill. Included in these sessions 
were facts about policies at the national (e.g. PFE, environmen-
tal regulations etc.) as well as the international (e.g. EU-ETS) 
level, and how these affect the activities and business. These 
broad training sessions were intended to build an understand-
ing among the staff for the energy related goals formulated by 

the organisation. The aim was to stimulate staff to become more 
cooperative and take personal responsibility for improved en-
ergy efficiency, for example, by being alert on the operation 
and condition of equipment (e.g. to avoid unnecessary idle 
running). The Swedish EnMS standard state that the need for 
training should be identified and satisfied among employees 
in positions to influence the significant energy aspects. Several 
respondents expected international EnMS standards to make 
more explicit specifications and could thus foresee that efforts 
for training and awareness-raising would need to be improved 
in the future compared to current practices.

At five mills it was mentioned that they offered specialised 
training for staff with larger influence on the energy perform-
ance of manufacturing processes. Courses were held in opti-
mised operation of the most energy demanding equipment 
such as pumps and boilers. A few mills pointed out that such 
training was carried out also before the EnMS implementation. 
On the other hand, at some mills it was claimed that the role 
of operators had become more autonomous over the last years. 
On the basis of their educational and practical skills they are 
expected to steer their work according to best practice.

quantified	electricity	savings
After five years participation in PFE (i.e. 2005-2009), compa-
nies were required to report their achieved electricity savings 
from different categories of measures. The main category in-
cludes technical and other operation and maintenance (O&M) 
measures. Some measures were identified through the required 
energy auditing activities that were undertaken in the first two 
years of PFE. Other measures were identified thereafter as a 
result of the EnMS practices that received certification in the 
second year of the programme. Technical measures typically 
involve replacing or improving certain equipment, which in 
the PPI often relates to pumping systems. There are also many 
examples of zero-cost measures like shutting down unneces-
sary equipment and improving operation practices. Another 
category of measures are the routines for energy efficient pro-
curement and project planning that PFE requires. The purpose 
is that companies should acknowledge the life cycle cost (LCC) 
in its procurement and investment decisions and possibly give 
preference to energy efficient alternatives (SEA, 2006). Pro-
curement routines should be applied to electrical equipment 
(e.g. motors, pumps and fans) that is using more than 30 MWh 
per year. Project planning routines should guide the investment 
decision in case of larger renovations at the production site. 
These kinds of assessments were partly new to the mills when 
they entered PFE, but eventually have become integrated in 
their EnMS practices. For the interviewed mills Table 2 shows 
the size of reported annual electricity savings from the different 
categories. The total of reported annual electricity savings for 
a mill is commonly around three percent, though the sample’s 
high and low deviates quite much.

Figure 2 displays, for the eight mills, the absolute electric-
ity consumption over the period 2005-2009. Four mills have 
decreased their electricity consumption, of which two with a 
substantial amount of about 15 percent. On the other hand, the 
other four mills have increased their electricity consumption, 
of which one with about 8 percent. The aggregated result for the 
eight mills shows a moderate decrease compared to the aggre-
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gate for the entire Swedish PPI, which decreased its electricity 
consumption by 10 percent over the period. With regards to 
the figures in Table 2 there is no general consistency between 
the size of reported annual electricity savings and the develop-
ment of absolute electricity consumption. This can be due to 
several reasons since different conditions influence the energy 
consumption of an industrial plant, the most evident being 
production volume, production mix and weather conditions. 
During 2008 and 2009, for example, many mills experienced 
low production volumes following the global recession. Also, 
depending on production mix and periodic variations in en-
ergy markets a mill may favour one fuel input over another, for 
example, to increase steam production from an electric boiler. 
Varying conditions like these will cause annual energy savings 
to differ from pre-estimated values. In their engineering esti-
mated values the mills have commonly normalised the annual 

hours of operation, but the fact that equipment run on variable 
loads may be more difficult to adjust for.

In order to take account of physical output Figure 3 displays, 
for the eight mills, the specific electricity consumption (SEC) 
over the period 2005-2009. The physical output of each mill is 
defined as the annually produced tonnes of market pulp and fi-
nal paper products. Three mills have decreased their SEC while 
five mills have experienced an increase. For some mills it might 
be a disappointment that despite hard work with electricity ef-
ficiency improvement under PFE, their SEC is increasing. The 
period 2008-2009 has been exceptional, though, due to the low 
production volumes at many mills. Because of the idling losses 
such situations tend to drive up the SEC. This is noticeable 
for three mills and since these are large size mills this has also 
shaped the aggregated result.

table	2.	the	mill’s	reported	annual	electricity	savings	under	Pfe.
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equipment such as pumps and boilers. A few mills pointed out that such training was carried out also before the 
EnMS implementation. On the other hand, at some mills it was claimed that the role of operators had become more 
autonomous over the last years. On the basis of their educational and practical skills they are expected to steer their 
work according to best practice. 

Quantified electricity savings 
After five years participation in PFE (i.e. 2005-2009), companies were required to report their achieved electricity 
savings from different categories of measures. The main category includes technical and other operation and 
maintenance (O&M) measures. Some measures were identified through the required energy auditing activities that 
were undertaken in the first two years of PFE. Other measures were identified thereafter as a result of the EnMS 
practices that received certification in the second year of the programme. Technical measures typically involve 
replacing or improving certain equipment, which in the PPI often relates to pumping systems. There are also many 
examples of zero-cost measures like shutting down unnecessary equipment and improving operation practices. 
Another category of measures are the routines for energy efficient procurement and project planning that PFE 
requires. The purpose is that companies should acknowledge the life cycle cost (LCC) in its procurement and 
investment decisions and possibly give preference to energy efficient alternatives (SEA, 2006). Procurement 
routines should be applied to electrical equipment (e.g. motors, pumps and fans) that is using more than 30 MWh 
per year. Project planning routines should guide the investment decision in case of larger renovations at the 
production site. These kinds of assessments were partly new to the mills when they entered PFE, but eventually have 
become integrated in their EnMS practices. For the interviewed mills Table 2 shows the size of reported annual 
electricity savings from the different categories. The total of reported annual electricity savings for a mill is 
commonly around three percent, though the sample’s high and low deviates quite much. 

Table 2. The mill’s reported annual electricity savings under PFE. 

 

 

Mill 
Categories of reported annual electricity savings Sum of annual elec. savings 

Technical and O&M 
measures [MWh] 

Procurement 
routines [MWh] 

Project planning 
routines [MWh] [MWh] 

Relation to 2004 
elec. demand [%] 

 6571 8 1787 8366 2.9 

 26016 554 270 26840 4.4 

 8044 63 5 8112 8.6 

 
 

32384 380 390 33154 3.5 

 57701 794 1509 60004 3.2 

 1115 100 63 1278 1.5 

 26710 300 2500 29510 4.0 

 11887 199 377 1763 2.7 

Sum 170 428 2398 6901 179 727 
3.5 

(3.85 in average %) 
 Source: SEA (2011b) 

 
 
 
Figure 2 displays, for the eight mills, the absolute electricity consumption over the period 2005-2009. Four mills 
have decreased their electricity consumption, of which two with a substantial amount of about 15 percent. On the 
other hand, the other four mills have increased their electricity consumption, of which one with about 8 percent. The 
aggregated result for the eight mills shows a moderate decrease compared to the aggregate for the entire Swedish 
PPI, which decreased its electricity consumption by 10 percent over the period. With regards to the figures in entire Swedish PPI
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 Figure 2. Electricity consumption for the eight mills (2005–2009).
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In their EnMS the mills can of course formulate SEC-tar-
gets based on different base and target years. Some mentioned 
2003 and 2010 respectively and hence their prospects for target 
achievement could be much better than made evident by Fig-
ure 3. For some mills it has not been an EnMS target to reduce 
specific electricity consumption. Therefore it is possible that 
other EnMS targets like the reduction of specific fuel oil con-
sumption may result in a shift to electricity.

Conclusions
The interviews exposed some differences in how the mills had 
structured their EnMS practices. Though the standard docu-
ment provides a common guideline, there is no uniform model 
for how an EnMS is realised in an organisation. Still, each mill 
has received certification from an authorised third-party audi-
tor. This explains the underlying idea of management systems, 
that objectives are set by management to reflect the ambition 
level with respect to context and challenges (e.g. cost struc-
ture, demand from customers and other stakeholders, physical 
infrastructure, previous experience, and perception about the 
future).

All mills had an appointed person, an EnMC, being respon-
sible (though only at part-time) for coordinating the EnMS 
activities. By arranging and chairing regular meetings with 
division-level staff the EnMC has a central role in structuring 
the EnMS. The mills with appointed division-level EnMCs have 
further enhanced this structure. This way of embedding the 
EnMS throughout the organisation is reasonable, not the least 
in large multi-divisional mills, where each division represents a 
cost centre and thus have to take decisions about implementa-
tion of energy savings measures. Support from the main EnMC 
and technical expertise from maintenance and project depart-
ments is provided by the EnMS framework.

The allocation of staff and resources to support the EnMS is 
a management issue. The fact that a quite a share of the work 

force (between 2 and 5.5 percent) has been directly involved in 
EnMS activities shows that mill management have been com-
mitted to the task. It is difficult to state an optimal level of staff 
involvement. As a minimum, all employees should be aware 
of the existence of the EnMS and whom to direct for related 
issues. As a guideline for a large process industry that plans 
to implement a standardised EnMS, an effective operation will 
require direct (though at a moderate part-time) engagement 
from 3-5 percent of the work force.

Inadequate energy cost allocation could provide a barrier 
to improving division-level energy efficiency improvement. 
The issue is closely connected to the issue of sub-metering that 
enables more precise energy cost allocation. A few mills lacked 
the satisfactory infrastructure and it should be an EnMS objec-
tive to make improvements on this area. Mills with advanced 
sub-metering systems have the advantage of being able to set 
specific targets on process levels and continuously monitor the 
progress of such energy aspects. For the majority of mills the 
practices on monitoring and reporting energy savings have 
improved since the introduction of the EnMS. It remains a 
challenge how to further improve these practices, for exam-
ple, in the case of compressed air systems which is viewed as 
a common resource and therefore attracts less attention at the 
division-level.

The training of staff is an EnMS activity that has been treated 
differently by the mills but overall it has not been highly pri-
oritised. Improvements could be made to identify the actual 
target groups for specialised training. Especially the routines 
on procurement and project planning that to some extent 
introduced new ways of thinking in the mills could be areas 
to address. This would involve procurement and project de-
partments more heavily in the EnMS and could probably be 
motivated for keeping pace with the advancements of energy 
efficient technologies.

The Swedish as well as the European standard does not in-
clude any explicit specifications about issues concerning en-
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Figure 3. Specific electricity consumption for the eight mills (2005–2009).
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ergy efficient project planning and/or procurement. For the 
mills these requirements were introduced as part of PFE and 
the results show that these routines were able to attain sizeable 
amounts of energy savings at some mills, though less at other. 
In the forthcoming ISO 50001 the need for evaluating energy 
performance in the design of new or renovated facilities as well 
as for procurement of equipment and services will become 
highlighted. The mills are thus prepared for a transition to the 
international standard. For a complete newcomer that plan to 
implement an EnMS according to the international standard 
the introduction of design and procurement routines will likely 
become challenging though potentially rewarding.

Reported annual electricity savings shows that the EnMS 
practices have resulted in actual savings, commonly about 
3 percent compared to the electricity demand of the base year. 
Yet, when studying how absolute and specific electricity con-
sumption was developing over the period 2005-2009, the im-
pact from these measures was not always evident. This analysis 
is partly disturbed by the low production volumes in 2008-2009. 
A more complete picture of how energy intensity has developed 
in the PPI would require an analysis of the primary energy use. 
Also, the delimited five-year period is too short to deduce any 
real trends in electricity intensity. A comprehensive top-down 
study could be performed to examine the energy intensity over 
a longer time period. With a decomposition approach it could 
be estimated to what extent that energy efficiency improvement 
has influenced the development.

Since the European standard was published in 2009 and the 
international ISO  50001 will become available in 2011, the 
short-term future will tell if standardised EnMS is to be intro-
duced by companies on a global scale. Though it might seem 
rational for companies to do so, they may not actually adopt 
EnMS on its own merit. This means that government’s execu-
tive agencies within the framework of energy policy imple-
mentation will need to consider whether or not to incentivise 
an uptake of EnMS in different industrial sectors. In countries 
where national EnMS standards have already been developed, 
the dissemination has often been facilitated through voluntary 
or long term agreement on energy efficiency. The Swedish PFE 
provides one example on how to combine a moderate financial 
incentive with regulations to promote a rich set of attention 
raising activities including EnMS. Apart from the cost-effective 
savings achieved, an important result is that 100 companies and 
250 industrial sites now have certified EnMSs. Some of these 
can provide good practice examples for other companies to fol-
low.
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Abstract 
  
 Since year 2000 a number of national energy management systems (EnMS) standards and 
specifications have been developed. To support EnMS implementation in industry some governments 
have launched agreements centered around energy management practices. National experiences show 
that such policy programs can achieve significant energy efficiency improvements. Implementation of 
industrial EnMSs has gradually increased and uptake can be expected to accelerate as the international 
standard (ISO 50001) gains further recognition. Since EnMS complements, or replaces, other energy or 
climate policies (e.g. emissions trading, energy or carbon taxes) it makes sense to systematically evaluate 
its implementation in industry. Accurate information needs to be compiled and rated against relevant 
criteria to confirm desired impact. In their assessments evaluators need to address several issues. Firstly, 
EnMS are embedded in a context which makes it difficult to attribute results. Secondly, a principle of 
EnMS is that firms set internal targets to improve energy performance, but these targets might not be 
consistent with societal objectives. Finally, EnMS certification issued by external auditors gives approval 
according to standard but cannot guarantee a desired impact. These and other aspects are analyzed and 
also proposed to be considered in EnMS evaluation. The methods include literature studies, stakeholder 
consultations to gather empirical input from practitioners, and quantitative data assessments of energy 
performance. The main contributions are documented experiences from industrial EnMS implementation 
in Sweden and based on these a set of considerations to be addressed by policy makers and academics in 
developing a plan for industrial EnMS evaluation.  
 
 
Introduction 
  
 Close to a third of global energy use and 40 % of carbon dioxide (CO2) emissions are attributable 
to manufacturing industry (IEA 2010). Thus, it is vital that the industry sector contributes with a fair 
share towards the achievement of ambitious climate mitigation, energy savings and renewable energy 
targets. According to the European Commission’s roadmap for a competitive low carbon economy the 
industry sector’s  CO2 emissions need to be reduced with the heroic numbers of 83-87 % by 2050 
compared to 1990 (EC 2011a). In a step towards this long-term challenge EU’s climate and energy 
package has set a binding greenhouse gas (GHG) emissions target of at least 20 % reduction by 2020 
compared to 1990.1 To mitigate climate change and to achieve ambitious targets by 2050 and beyond, 
international studies cite energy efficiency improvement to be the least cost measure (IEA 2010). 
Especially for manufacturing industries, energy efficiency can be seen as a cost-cutter and thus a means 
to increase profits in competitive markets. By structuring a firm’s energy related affairs an energy 
management system (EnMS) can, if well implemented, be a facilitator for continuous improvement of 
energy performance. Thus, for industry and especially energy-intensive firms, the implementation of an 
EnMS should be a compelling business case; especially in periods with relatively high energy prices and 
when prices are expected to increase. Despite the good motives for energy efficiency improvement, EU’s 
target of 20 % primary energy savings will not be achieved without the implementation of new and 
effective policies and measures (EC 2011b). Though it seems rational for manufacturing industries they 

                                                 
1 Other EU targets for 2020 are: to increase the share of renewables in the energy mix to 20 %; to achieve 20 % primary 
energy savings compared to baseline projections (still a non-binding target).  
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do not seem to implement EnMS on its’ own merit. Industry will thus miss out the attention-raising 
effect from an EnMS and fail to invest in cost-effective energy efficiency improvement actions. A policy 
implication is that authorities, to address the market failure of imperfect information, could encourage the 
uptake of EnMS which conform to standard. However, with a decision to use public funds to stimulate 
EnMS the issue of evaluation needs to be addressed. EnMS evaluation raises many questions and some 
dealt with in this paper are: Why and under what circumstances should industrial EnMS be evaluated? 
What are the objectives for EnMS implementation from a private and a public perspective? Which are 
the essential EnMS practices? Which indicators could be considered for monitoring and rating the 
success of an industrial EnMS?  
 
 The structure of the paper is as follows. The next section gives a background to EnMS, describes 
its role in industry and provides examples of countries which have promoted industrial EnMS 
implementation and certification. The methodology section presents the sources of information that have 
provided input for the discussions and findings on EnMS evaluation. The empirical findings are 
presented in the section of results. The final section concludes with considerations to address when 
evaluating industrial EnMS or energy efficiency programs with EnMS as a main component.  

 
 

Background to EnMS  
 
The role of industrial EnMS  

 
 Energy services are of particular importance for energy-intensive industries where energy 
represents a significant share of total production cost. In the past, access to low cost energy supply has 
involved strategic considerations in response to changes in relative energy prices and environmental 
policy making. For instance, for Swedish pulp and paper industry (PPI) the high oil market prices of the 
1970s initiated a fuel switch from oil to biomass and electricity. This preference has been supported by 
national energy and carbon taxes and more lately the EU ETS. Between 1973 and 2007 the Swedish PPI 
reduced its share of fossil fuels from 43 % to just below 10 % of total fuel consumption; an absolute 
reduction of 66 PJ (or 75 %) and 4.5 Mton CO2 emissions (Wiberg 2007). A recent development and 
trend break is the renewed interest and investments in electricity generation (e.g. back pressure turbines 
and wind power). In the 1990s the PPI divested its off-site power assets (e.g. hydro and nuclear power). 
The strategic reorientation follows from policy driven changes in underlying economic conditions of the 
PPI (Ericsson et al. 2011).2 Correlated with the main goal of industrial EnMS practices (i.e. to reduce a 
firm’s energy costs) is that increasing energy prices over the post year 2000 period has motivated an 
increased focus on energy efficiency improvement besides fuel shifting. Energy cost reduction is seen as 
the most important driver for industrial energy efficiency (Thollander & Ottosson 2008) but it is also 
essential that energy efficiency is made a strategic issue in organizations (Cooremans 2012). It implies 
that upper management decision makers, in addition to process engineers, embrace energy efficiency and 
enable such investments and related organizational changes to improve the competitiveness of the firm 
(Cooremans 2012). The importance of the strategic dimension is supported by the evidence that “people 
will real ambition” and existence of a “long-term energy strategy” is ranked as the second and third most 
important drivers for energy efficiency in the Swedish PPI (Thollander & Ottosson 2008). To make 
energy efficiency a strategic issue the Plan-Do-Check-Act approach and the EnMS standard requirements 
provide a comprehensive tool, tested also in other areas of management (e.g. quality and safety).  
 

 

                                                 
2 Three main energy policies at play are: the electricity market reform in 1996; the scheme of tradable renewable 
electricity certificates since 2003; and the introduction of EU ETS in 2005. 
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National experiences and promotions of industrial EnMS 
  
 As a policy option for public governance of industrial energy and environmental issues 
standardized EnMS has evolved rather recently. Though there are companies that have practiced energy 
management activities in the past, national EnMS standards and specifications started to evolve first after 
year 2000. To be compatible with procedures of established management systems they derived from 
standards like ISO 90001 and ISO 14001 (McKane 2009). Table 1 describes experiences from three 
countries where EnMS standards have been applied over the last decade. More recently, in 2009, EU 
consolidated national standards with EN 16001, and in June 2011 the internationally recognized ISO 
50001 was published (ISO 2011). International organizations (e.g. UNIDO and IEA) promote EnMS 
implementation globally. As one of 25 Energy Efficiency Policy Recommendations IEA advise 
governments to require energy-intensive industries and stimulate other industrial energy end-users to 
implement EnMS which conform to ISO 50001 or equivalent (IEA 2011).3 
 
Table 1. Some national experiences of industrial EnMS promotion and uptake.* 

 
Country /  

EnMS standard 
EnMS promotion activities and industrial uptake 

USA /             
ANSI MSE 
2000:2008 

After the first, year 2000, version of the U.S. EnMS standard the standard development organization 
Georgia Tech Energy and Environmental Management Center made updates in 2008 to facilitate increased 
implementation (Kahlenborn et al. 2010). The Department of Energy has encouraged energy management 
practices by provision of tools and guidelines, but the use of the standard per se has not been emphasized so 
far. The industrial uptake has been low, it is estimated that less than 5 % of the industrial energy use is 
covered by standardized energy management practices (McKane 2009). Literature make evident that some 
large U.S. companies have long experiences from energy management and achieving substantial energy 
intensity improvements (Capehart et al. 2008). Currently the Superior Energy Performance Program is 
launched to stimulate ISO 50001 uptake and certification and so far some 30 large companies have 
announced their participation. 

South Korea / 
KSA 4000 
 

South Korea published an EnMS standard in 2007 to complement its industrial voluntary agreement (VA) 
for energy conservation and GHG emission reduction. Companies formulate their individual energy savings 
targets, plan and implement measures for fulfillment. The government support consists of providing energy 
assessments as well as financial support. Since the introduction the EnMS standard is intended to play a key 
role for companies’ target achievement, but so far the uptake is low. Through a pilot program, eight 
companies had achieved EnMS certification between 2008 and 2010 (Kahlenborn et al. 2010).  

Sweden / 
SS 627750 

The EnMS standard was introduced in 2004 in conjunction with a VA for energy efficiency in energy-
intensive industry (PFE). PFE grants eligible companies a tax exemption of 0.5 Euro per MWh electricity 
use (ETD Article 17 2003). In the first PFE period (2005-2009) companies were obliged to achieve EnMS 
certification (according to 627750 or EN16001) and fulfill other program requirements (e.g. auditing, 
identify and invest in electricity savings, report progress, adopt procedures for procurement and project 
planning). Some 100 companies and 250 industrial plants participated. Since companies are energy-
intensive EnMS certification has reached a market penetration of 70 % of total industrial sector energy use. 
Bottom up evaluations of companies’ reporting estimate gross annual electricity savings to be 5 % of the 
base year electricity use (SEA 2011). In the ongoing second period, companies will implement ISO 50001 
and certification of about 90 companies is underway.    

 
* In addition, there are various EnMS experiences in other countries: Japan stipulate legal requirements on industrial energy 
management practices since 1979; Ireland has an Energy Agreement scheme since 2006 which provide technical and 
informative support to companies, 70 sites have achieved EnMS certification conform to Irish standard (Cahill 2011); in 
Denmark at least 100 companies have ten years of experiences from a VA for industrial energy efficiency which involves tax 
rebates, EnMS certification and other requirements (Reinaud et al. 2012); Spain has a national standard since 2007 but uptake 
has so far been low (Kahlenborn et al. 2010); the Netherlands has experience from long-term sector agreements on energy 
efficiency which stipulate EnMS practices but until now without requiring certification.  

 

 

                                                 
3 By January 2012 some 100 organizations in 26 countries had achieved ISO 50001certification (ISO 2012). 
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Methodology 
 
 The aim of this paper is to explore and identify aspects of EnMS evaluation to be addressed by 
evaluators (i.e. energy authorities and contracted partners or free standing energy policy researchers) 
which are to evaluate impact and outcomes of industrial EnMS practices. The methods include 
stakeholder consultations, literature studies, and quantitative data assessments. The stakeholders belong 
to three categories of actors with different roles in the Swedish PFE. Firstly, through personal 
communication, staff at the Swedish Energy Agency (SEA) responsible for program operation and 
evaluation has shared views on evaluation. Secondly, semi-structured interviews were conducted with 
EnMS coordinators at eight pulp and/or papers mills. For more than five years, these mills have had 
certified EnMS that conform to Swedish or European standard. Relevant for the scope of this paper are 
answers provided on objectives and target setting under the EnMS framework, as well as the monitoring 
practices at the mills.4 Thirdly, certification companies that conduct external audits and issue EnMS 
certification have been addressed, through secondary sources and personal communication. Input from 
certification companies has been useful to identify essential EnMS practices, and to understand what an 
external audit includes and if the stamp of approval can secure the desired impact of improved energy 
performance. The energy performance concept is further investigated with the eight mills as an empirical 
base. Three potential indicators of energy performance have been analyzed to test the improvement under 
the EnMS framework. Numbers on physical production, energy use, and CO2 emissions have been 
compiled from a database of the trade association Swedish Forest Industries Federation (SFIF 2012). 
 
 
Results  
 
EnMS evaluation  
 

 In Sweden, as in Denmark and Ireland, a comprehensive program approach has been effective to 
promote and support industrial EnMS uptake and certification (see Table 1). The IEA and the Institute 
for Industrial Productivity (IIP) recommend governments to launch such energy management programs 
(EnMP) with EnMS at the core and provides a checklist for implementation (Reinaud et al. 2012). Given 
these recommendations and the release of ISO 50001, it can be anticipated that governments will initiate 
and enhance policy activities to promote and incentivize EnMS. Thus adequate evaluation practices to 
assess the contributions from EnMPs, and EnMS in particular, will become increasingly important as: 
 

• EnMPs may complement or replace alternative energy and environmental policy instruments like 
taxation, pricing of emissions, energy efficiency regulations (e.g. Denmark and Sweden).  

• Evaluation is required to revise and adapt policy programs (Reinaud et al. 2012). 
• Also when freestanding industrial EnMS implementation and certification is promoted without 

an EnMP approach, evaluation may be beneficial.5   
• Whenever public funds are involved there is a justified demand for knowledge on results and 

effectiveness.  
• For the broad category of less energy-intensive SMEs it sometimes argued that a full EnMS 

implementation and certification is exaggerated but there is little knowledge about the practical 
implementation of EnMSs in SMEs.   

                                                 
4 In a previous paper we have investigated how a standardized EnMS is structured in this industry (Stenqvist et al. 2011).  
5 The U.S Superior Energy Performance is a relevant example, by which industrial EnMS certification is promoted 
without economic incentives for companies and at a moderate level of federal funding for administration and technical 
assistance. There are intentions to evaluate the energy performance improvement of certified companies through a 
detailed best practice scorecard methodology, and thus give recognition to successful companies (Georgia Tech 2011).   
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 An important issue in the policy planning and evaluation phase is why governments at all need to 
intervene in the private sphere with economic incentives for business to implement EnMS? EnMS 
standards are designed to help companies improve their energy performance in accordance with their 
internal objectives. Policy makers need to ask themselves, which are the desired social benefits from 
industrial EnMS and improved energy performance that motivates the use of public funds to stimulate 
such implementations? These questions deserve attention due to some main findings of theory-based 
evaluations of 20 energy efficiency policy instruments in a number of countries (Harmelink et al. 2008). 
Firstly, energy efficiency policies often have multiple and unclear objectives, lack quantitative targets 
and clear time frames. Secondly, an important success factor is the existence of clear goals and mandates 
for the implementing agency. Thirdly, monitoring information is often insufficient to determine impact 
on energy saving, cost effectiveness, and target achievement (Harmelink et al. 2008).  
 
 
EnMS evaluation in the case of PFE  
  
 The SEA is responsible for operation and evaluation of the Swedish PFE, which has the overall 
objective to stimulate industrial energy efficiency and in particular electricity efficiency (SFS 2004:1196 
2004). In addition to this objective there are a number of requirements related to the different program 
components. There is no quantified impact target for PFE, but due to the tax exemption the companies 
must submit a list of planned actions and later implement these so to achieve electricity savings of the 
same level that would have been achieved if the tax were to be applied over the same period.6 The SEA 
admits it is a challenge to evaluate impact (e.g. energy efficiency improvement) and other intended 
outcomes of the PFE (Moberg 2012). Among a rich set of program components (e.g. legal requirements, 
tax rebate, EnMS, tools, networks and recognition etc.) it is difficult to isolate the main drivers for 
desired change and to conclude what this change consists of. Similarly, it is difficult to identify program 
components that fail to generate desired change, due to being unnecessary or deceptive. The SEA has 
progressively carried out a variety of monitoring and evaluation activities to identify and demonstrate 
program results (Moberg 2012; Reinaud et al. 2012):  
 

• To assess program impact (i.e. the level on energy efficiency improvement) a bottom-up 
methodology has been applied. Based on companies’ reports the SEA has compiled data on e.g.: 

- gross annual electricity savings from required actions and procedures   
- value of investments and straight pay back periods 
- gross annual energy savings from voluntary reports of other non-required actions  

• Through a number of interviews and surveys directed to different stakeholders qualitative 
information about EnMS implementation and compliance has been collected. 

• Correction factors like free-rider, spill-over, double counting have not been estimated by the 
SEA, but attempts have been made in academic evaluations (Stenqvist & Nilsson 2012).       

• The isolated impact (i.e. energy efficiency improvement) from specific program components, like 
the EnMS, has not been estimated.  

  
 The SEA regards the EnMS to be a tool which contributes to the companies’ achievement of the 
overall PFE objective. The program context makes it difficult to separate and attribute results solely to 
the EnMS. Moreover, it is a principle of EnMS that companies set their internal energy performance 
targets of relevance. The certification provides a best available quality check of the implementation. In 
case a PFE company submits a poor report to the SEA, examination of the audit protocol can be 
motivated as part of the assessment of that company’s compliance (Moberg 2012). 
  

                                                 
6 For an analysis and interpretation of this counterfactual situation see Stenqvist & Nilsson (2012).  
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 The conclusion after the first five year period is that PFE has generated cost-effective gross 
annual electricity savings of almost 5 % (or 1.45 TWh per year) compared to a 2004 baseline situation 
(SEA 2011; Stenqvist & Nilsson 2012). Almost all of the 100 companies complied with the program 
requirements including the EnMS certification. Reports from the ongoing second period, during which 
companies will implement ISO 50001, show that companies plan to slightly increase their investments in 
electricity savings actions compared to the first program period (Moberg 2012). These experiences have 
led the SEA to promote energy management also outside PFE. The interest for EnMS appears to be on 
the rise but there is still resistance among SMEs against full scale implementation and certification. 
Some of the SEA promotion activities include: an energy audit program for SMEs; manuals for 
systematic energy management; a communication platform for energy efficiency in industry; a Lean 
Energy training course (Moberg 2012).  
 
 
Input from certification companies  
 
 To obtain views from the standard certification companies about PFE and EnMS implementation 
the SEA commissioned an operational evaluation. At the time, in 2008, the first five year program period 
of PFE was more than half way through and almost all the 100 participating companies had received their 
EnMS certification according to Swedish standard. Six out of seven authorized certification companies 
were interviewed and shared their experiences in the evaluation report (Franck & Nyström 2008). To 
complement this information, an interview has been conducted with an EnMS auditor (Modig 2012).   
 
 At the outset, the PFE tax exemption of 0.5 Euro per MWh of electricity use was imperative to 
attract managements’ attention and will to participate and comply with the program requirements. The 
EnMS implementation was at first, from a management perspective, seen as a necessary obligation to 
receive the tax rebate (Franck & Nyström 2008). At the same time, the EnMS requirement was well-
timed with underlying conditions of increasing energy prices. The interest for strategic and systematic 
energy management was on the rise and the EnMS was gradually given enhanced attention throughout 
many organizations (Modig 2012). According to certification bodies the most important EnMS practices 
have been (Franck & Nyström 2008): 
 

• Energy audit and analysis: the energy audits revealed large and profitable energy saving 
potentials which strengthened the business case for energy efficiency improvement in many 
companies. The EnMS framework has resulted in more thorough technical and economic analysis 
of potential measures, especially as firms have identified significant energy aspects. When energy 
audits have been conducted entirely by external consultants the results have sometimes been less 
useful for the firm’s practical implementation. For some companies there could be a stronger 
focus on energy efficiency improvement from operation and maintenance measures. 

• Roles and responsibilities: EnMS coordinators are appointed by top management and take 
responsibility for facilitating compliance with PFE and standard requirements. In many 
companies the EnMS coordinators feel they have support and a clear mandate from management 
to perform their tasks. This has been important for the EnMSs to become established and 
continuously maintained in the companies. Especially at larger industrial plants the chief EnMS 
coordinator has access to division level EnMS coordinators (i.e. process engineers) and together 
with other staff (e.g. technical experts from maintenance department) they form an EnMS team.   

• Dissemination in the organization: with EnMS the awareness of energy issues has spread 
across the organizations. The EnMS teams hold regular meetings to plan the implementation of 
actions (Modig 2012). EnMS practices have also involved new categories of employees like 
production/process developers, maintenance engineers, and staff working with procurement. 
Some companies have trained their staff to raise general awareness on energy related issues as 
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well as specialized knowledge among operators who influence significant energy aspects.  
• Life cycle cost (LCC) procedures for energy efficient procurement and project planning: 

PFE requires that companies use LCC procedures to evaluate their purchase of new electrical 
equipment, and to plan larger investment projects like plant retrofits. These new procedures have 
sometimes been difficult to communicate within organizations, between purchasing and 
maintenance division. The service from equipment suppliers has gradually improved upon the 
demand for LCC information. ISO 50001 requires such procedures which are expected to become 
increasingly important (Modig 2012).  

 
 In principal all the EnMS requirements are reviewed by the external auditor at yearly site visits. 
Ideally the external auditor is a person with technical degree and long experience from working with 
energy analysis in manufacturing industry. The auditor plans the visit by preparing a relevant audit 
program based on examination of previous audit protocols, the energy balance of the plant, and other 
relevant documents provided by the company. Depending on the size and complexity of the plant the 
external audit can last between one and three days. At the opening meeting a number of company staff 
attends like the EnMS coordinator, parts of the EnMS team and top management. Thereafter the auditor 
goes through different divisions to observe ongoing practices and ask different employees about their role 
and influence under the EnMS framework. In a final meeting the auditors delivers a statement about the 
compliance with the EnMS standard and describes any identified abnormalities in relation to 
requirements, the company’s energy policy and procedures. Serious abnormalities must be explained by 
the company to be acceptable or the company can lose the EnMS certificate. For instance, the companies’ 
energy performance targets and monitoring practices are tested. If a company fails to meet its targets the 
deviation needs to be explained, for instance, by demonstrating how a temporary shutdown has altered 
the baseline energy use. (Modig 2012) 
 
 The companies in general request a critical assessment and expect the external auditor to be 
knowledgeable and in position to scrutinize and challenge existing EnMS practices. The conclusion 
among certification companies is that the EnMS standard, with few exceptions, has been well received 
and implemented by the companies (Franck & Nyström 2008). Compared to the Swedish standard the 
ISO 50001 puts further emphasize on some essential issues like the role of the EnMS team, the 
commitment from top management, the possibility to include transport related energy use in the EnMS, 
the objective to reduce GHG emissions (Modig 2012).  
 
 
Input from industrial energy end users on EnMS target formulations 

 
 Interviews were conducted with EnMS coordinators at eight pulp and/or paper mills that 
participate in PFE.7 The respondents were asked about strategies, objectives, targets, and monitoring 
practices under the EnMS framework. The mills are organized under larger company groups, sometimes 
with global business activities, but each mill operates as an independent business unit. Each mill is 
organized into multiple divisions, and each division typically represents a cost center (Stenqvist et al. 
2011). Consequently, targets and monitoring can exist on different hierarchical levels, from group-wide 
to site-level, at division and for certain production processes: 
 

• Group-wide: the mills are often subordinated group-wide strategies and targets. Six mills 
declared group-wide targets to reduce specific energy use (i.e. production related) which were 
quantified and with clear time frames. Typical levels of targeted reductions are 1-2 % per year, or 

                                                 
7 At all mills the EnMS coordinator was the representative appointed by top management. In some cases also other staff 
members of the EnMS team participated in the interviews (see ISO 50001 for definitions). 
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5-10% when targets cover periods of about five year. It is also common with group-wide 
strategies and targets to reduced specific CO2 emissions. The mills should contribute to 
overarching targets, but need to formulate their site-level strategies and targets that are dictated 
by their production and energy related situation and outlook.   

• Site level: the site-level EnMS objectives vary between different mills, but usually the EnMS 
strategy is focused on reduced specific energy use. While some mills declare explicit target levels 
other only monitor the development. Some mills also set targets for separate energy carriers, e.g. 
to reduce specific electricity, steam or fossil fuel use. Other site-level EnMS objectives for some 
mills are: increased internal electricity production; increased use of biomass fuels; and increased 
energy deliveries to adjacent society (e.g. waste heat and/or electricity).       

• Division and process level: each major production process represents a division and for a large 
integrated pulp and paper mill it involves: wood preparation; debarking; pulping; bleaching; 
paper making (often by multiple paper machines). Five mills have automatic meter readings to 
assimilate data from electricity and steam meters at the division and process level. The sub-
metering systems allow these mills to identify significant energy aspects at process level and to 
track specific energy use of individual installations. An example is refiners used in thermo-
mechanical pulping, for which the specific electricity use is monitored to ensure that acceptable 
levels are maintained. Monitoring data is used to compare performance and analyze opportunities 
for improved energy performance, e.g. by changing refiner plates. Process level monitoring 
thereby contributes to site-level EnMS target fulfillment.       

  
 This examination of targets formulations demonstrates that the EnMS framework is used to 
improve energy performance in different ways, as summarized in Table 2. Energy efficiency through 
reduced specific energy use is one common interpretation of improved energy performance, but the 
EnMSs also contain supply side oriented strategies and targets. In one occasion the respondent had low 
awareness of the existence of EnMS targets and a few mills lacked quantified targets with clear time 
frames. This is not acceptable and needs to be improved for compliance with ISO 50001.  
 
Table 2. The presence of EnMS objectives and targets among eight pulp and paper mills. 
 
Group-wide 

Reduce 
specific  

energy use 

Site level 
Reduce specific energy  
use  (for all or certain  

energy carriers) 

Site level 
Increase use of  
biomass fuels  

Site level 
Increase energy 

supply to adjacent 
society 

Site level 
Increase internal  

electricity  
production 

Site level 
Low 

awareness 
 of targets 

6 7 2 2 5 1 

 
 

Indicators of energy performance   

 
 According to ISO 50001, energy performance is the measurable results related to any of the three 
aspects: energy efficiency; energy use and energy consumption. Results are measured against the 
organization’s energy policy, objectives and targets. Thus companies can manage a variety of energy 
performance activities under their EnMS, as demonstrated for the eight mills in the previous section. For 
these mills, three indicators are used to analyze how the performance has developed with EnMSs 
between 2005 and 2010, compared to a baseline period represented by the average annual performance 
between 2001 and 2004 (i.e. prior to the EnMS implementation). The three energy performance 
indicators, based on the physical output of tonnes market pulp and final paper products, are: specific total 
final energy use; specific final electricity use; and specific fossil CO2 emissions.8  

                                                 
8 The data is retrieved from the Environmental Database of the Swedish Forest Industry Federation, to which the 
companies report their annual production volumes, energy use, emission to air and water etc. (SFIF 2012).  
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  Figure 1 demonstrates how the specific total final energy use has developed for the eight mills. In 
2010, the energy intensity had increased for six mills between 1 and 12 % and decreased only for two 
mills by 6 and 14 % respectively. Since the latter two mills have large production volumes the aggregate 
for the eight mills is a decrease in energy intensity by 2 %. Given that seven mills have site-level 
objectives or targets to reduce specific energy use the development is rather discouraging. One 
explanation can be low production outputs in 2008-2009, which tends to increase specific energy use. 
Another issue is the potential target conflict between increased use of biofuels and internal electricity 
production on the one hand, and reduced total specific energy use on the other. Fuel shifts from fossil 
fuels to biofuels of diverse qualities tend to increase total energy use. In addition, some mills have, in 
accordance with their site-level objectives, improved boiler and turbine installations to increase internal 
electricity generation from biofuels and thus expanded production beyond pulp and paper products. 
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Figure 1. Specific total final energy use for eight mills (2005-2010). Source: SFIF (2012) 
 
 Figure 2 demonstrates how the specific final electricity use has developed for the eight mills. 
Decreased electricity intensities can be expected as PFE requires electricity savings in particular and the 
mills have reported bottom-up estimated electricity savings of between 1.5 and 9 % compared to their 
2004 electricity demand (Stenqvist et al. 2011). In 2010, the electricity intensity had decreased for six 
mills; by 0.5-4 % for five mills and an extraordinary 21 % for one mill. For the two remaining mills the 
electricity intensity increased by almost 5 %. The aggregate for the eight mills is a decrease by 1 %. 
Again, for some mills low production outputs 2008-2009 can explain deviations from expected 
performance.  
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Figure 2. Specific final electricity use for eight mills (2005-2010). Source: SFIF (2012) 
 

 Figure 3 demonstrates how specific fossil CO2 emissions have developed for the eight mills, 
which is closely related to their fossil fuel use. For this indicator an overall improvement is evident. In 
2010, seven mills had decreased the CO2 intensity with between 12 and 90 % and the aggregate for the 
eight mills was a 33 % specific reduction. In fact, over the period and compared to baseline, the 
aggregate fossil fuel use and related CO2 emissions have decreased by 30 % in absolute numbers. For one 
mill the CO2 intensity increased by 21 %. Notably, this is the same mill that decreased its electricity 
intensity by 21 % (see Figure 2). Thus the explanation appears to be a fuel shift from electricity to fossil 
fuels over this period. Interviews with EnMS coordinators could clarify the technical and economic 
conditions at the mill and thus improve the understanding about priorities of energy carriers and fuels.   
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Figure 3. Specific CO2 emissions for eight mills (2005-2010). Source: SFIF (2012) 
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Conclusions  
 
 With ISO 50001 and policy recommendations to stimulate industrial EnMS, through policy 
programs or somewhat less comprehensive measures, EnMS evaluation has come to fore. To monitor and 
verify desired impact is important for companies as well as public agencies. Companies need to ensure 
that efforts put into EnMS practices pay off, and from the public perspective the societal objectives 
behind EnMS implementation need to be defined, communicated and achieved. Non-quantified 
objectives like energy efficiency or improved energy performance appear as vague in this regard. 
Furthermore, such objectives are rather means to achieve other goals than goals in themselves. The actual 
societal goals, i.e. GHG emission reductions, increased industrial competitiveness, job creation etc., will 
have to be defined already in the planning phase and take count of the national context and political 
priorities. Ideally the societal objectives (formulated by policy makers) are consistent with the firm 
internal objectives of improved energy performance (formulated by the companies). Verification 
requires, at the minimum, that the constituents of improved energy performance are defined by the 
administrating agency as well as the company, and then monitored accordingly to ensure continuous 
improvement towards mutual objectives. Clear target formulations from the start will enable cost-
effective monitoring and evaluation based on relevant performance indicators that are tracked through 
companies’ reporting over the program period. 
 
 Requirements on companies to achieve certification can be motivated for several reasons and 
especially when companies are offered economic incentives to join an EnMP and introduce an EnMS. 
The external auditor validates that the EnMS conform to standard and thereby share the responsibility 
with the administrating agency to verify program compliance. Given that responsibilities are clearly 
defined the external auditor can play an important role in the overall evaluation plan. From a company 
perspective the critical test performed by a skilled external auditor is often appreciated. In the case of 
SMEs, for which there are concerns about the cost for certification, the potential benefits need to be 
examined as well. The scope of the external audit is of course adapted to the needs of the specific 
company/client with regards to its size, technical complexity etc. 
 
 Among EnMS requirements the external auditor reviews the company’s energy performance in 
relation to energy policy and target formulations. However, the EnMS certification cannot guarantee 
improved energy performance in all regards. The data analysis demonstrated that several certified mills, 
despite EnMS targets to reduce specific energy use, have increased their energy intensity. In some cases 
this can be explained by increased use of biomass fuels and internal electricity generation, which are 
other site-level EnMS targets. In the Swedish case of PFE, bottom-up evaluations conclude that the 
program has been successful in generating large and cost effective electricity savings. However, the data 
analysis demonstrates that specific electricity use has increased for individual mills. In order to cross 
check companies’ program compliance an evaluation plan could combine bottom-up methods with the 
use of top-down indicators. For the CO2 intensity indicator the development is clearly positive. Specific 
and absolute fossil CO2 emissions have decreased significantly for all but one mill. Though being 
managed and facilitated under the EnMS framework these achievements cannot be attributed solely to 
EnMS and PFE. A combination of market and policy related driving forces have influenced the 
decarbonisation of the Swedish PPI.       
 
 Essential among EnMS practice is the activity of the EnMS team. A cross-functional and multi-
person team can be a key for energy management and improved energy performance to become a 
strategic issue in top management and across the organization. For evaluators, the organizational 
structure and documented activity of the EnMS team could be an indicator of the progress and the 
existence of real ambitions for energy efficiency improvement and other low-carbon solutions.  
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c We examine corporate responses to the EU ETS in two pulp and paper companies.
c Rising electricity prices are perceived as the strongest influence from the scheme.
c The scheme has reinforced commitments to reduce CO2 emissions.
c The CO2 price tag supports some investments but has limited effect on innovation.
c The effect of the scheme is mediated by both market factors and production factors.
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a b s t r a c t

This article examines to what extent and how the EU ETS has influenced the climate strategies of two

Nordic pulp and paper companies: Swedish SCA and Norwegian Norske Skog. Rising electricity prices

are perceived to be the greatest effect of the scheme. The EU ETS has served to reinforce commitments

to improve energy efficiency and reduce CO2 emissions in both companies studied. Procedures like

monitoring of CO2 emissions and accounting for CO2 prices have become more significant since the

introduction of the EU ETS, but the scheme has not triggered a search for innovative, low-carbon

solutions. Due to differences in market factors and production factors, SCA has been more active than

Norske Skog in investing in and implementing CO2-lean actions. Future studies of climate-mitigation

activities, strategies and innovations in the pulp and paper industry should involve more in-depth

investigation of the interactions between such factors and the EU ETS.

& 2013 Elsevier Ltd. All rights reserved.

1. Introduction

The EU Emissions Trading System (ETS) was the first interna-
tional policy instrument to introduce regulation of fossil CO2

emissions of pulp and paper companies in Europe. Of 11,500
installations introduced to the system, about 900 were pulp and
paper mills. In terms of allocated EU Emission Allowances (EUAs)
the pulp and paper industry (hereafter PPI) represents two per
cent of EU ETS (Hyvärinen, 2005: 40). Can the ETS induce
companies in the PPI and other energy-intensive industries to
adopt proactive climate strategies? That will represent a crucial
test of the EU’s ability to achieve a low-carbon economy. Further,
how can divergent corporate climate strategies be explained?

Examination of this question can shed light on the conditions
under which different corporate climate strategies emerge.

This article examines to what extent and how the ETS has
influenced the climate strategies of two specific pulp and paper
companies and the European PPI more generally. One of the few
works on this topic is Rogge et al. (2011), whose study, based on
survey data of paper producers and technology providers in
Germany, found their innovation activities to be governed mainly
by market factors, not the EU ETS or other climate policies. As the
EU ETS is the first EU-wide regulation to target PPI CO2 emissions,
we were puzzled by the finding that the scheme apparently had
scant effect on innovation activities, and suspected that the
methodological approach of Rogge et al. had bypassed important
aspects of corporate responses to the ETS. Complementary
interview-based studies with relevant company representatives
can identify more nuanced perceptions about corporate climate
strategies, including the possible influence of the EU ETS on
innovation activities. This has motivated our approach to exam-
ining the effect of the EU ETS by analysing the status and changes
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in climate strategies in two comparable yet different pulp and
paper manufacturing companies: Svenska Cellulosa Aktiebolaget
(SCA) and Norske Skog, with headquarters in Sweden and in
Norway, respectively. Both companies appear to have progressive
climate strategies, having been ranked as the best Swedish and
the best Norwegian company in the 2010 Carbon Disclosure
Project (CDP) appraisal. The two companies display some varia-
tion in climate strategies and development over time, with SCA
apparently experimenting more with innovative abatement pro-
jects than Norske Skog. Further, Norske Skog specializes in news-
print production, and is smaller and less diversified than SCA. Due
to the market situation with surplus production capacity of
newsprint, Norske Skog has recently sold assets to reduce debts,
and has shut down several mills to cut costs (Norske Skog, 2011).1

By contrast, SCA develops, produces and markets a broad portfolio
of products and ranks among the world’s leading forest industry
companies. This variation in company type and performance
enables exploration of the conditions under which different
corporate climate strategies may emerge.

This article proceeds as follows. Section 2 presents the analy-
tical framework and methodology applied in this study. Section 3
examines the corporate climate strategies of SCA and Norske Skog
in presence of EU ETS. In Section 4 we analyse the link between
the EU ETS and the changes in corporate climate strategies in light
of three causal mechanisms that shed light on corporate
responses to regulation. Section 5 explains the divergence in
corporate climate strategies of SCA and Norske Skog. In the final
Section 6, we identify some patterns in the complex process of EU
ETS adaptation in the two companies and reflect on the future
outlook of EU emissions trading and the PPI.

2. Analytical framework and methodology

The concept of ‘corporate strategy’ has been defined variously
in the management literature. Building on scholars like Mintzberg
(1987) and Leong and Ward (1995), we view corporate climate
strategy as being composed of three main constituents:

1. recognition of the problem of anthropogenic climate change
and acceptance of responsibility in mitigating greenhouse gas
(GHG) emissions

2. manifestation of company responsibility for problem-solving,
expressed by a target for reducing GHG or CO2 emissions and
related monitoring practices

3. actions or a pattern of actions: investments or implementation
of technical and organizational abatement measures for
climate–target achievement.

These constituents have guided our research and interview
questions, and serve as indicators, framed as headings in this
article, under which empirical results are described and analysed.
In analysing the influence of the EU ETS on corporate climate
strategies, we see three complementary causal mechanisms as
providing explanatory power. First, the EU ETS may influence the
cost-benefit calculations of companies. According to a rational-
calculative model of corporate behaviour grounded in the main-
stream economic view of the firm as a unitary profit-maximizing
agent (e.g., Gravelle and Rees, 1981), the principal function of
emissions trading is to restructure incentives by putting a price on
CO2 emissions. A unitary profit-maximizing actor with full

information on the relative costs of various alternatives will rank
the different alternatives according to cost, phasing in the lowest-
cost option first. If the allowance price is low, or expected to be
low in the future, the company will prefer minor, low-cost
adaptation such as trade in allowances. Many studies of the
effects of the EU ETS are explicitly or implicitly based on this
understanding of corporate behaviour (e.g., Egenhofer, 2007;
Hoffmann, 2007; Ellerman at al., 2010).

Second, drawing on Porter (1990) and Porter and Van der
Linde’s (1995) seminal work on the link between environmental
regulation, innovation and competitiveness, we propose that the
EU ETS may trigger exploration, experimenting and learning
across companies. In line with this Porter Hypothesis, the key
assumption is that the EU ETS may alert and educate companies
to the benefits of reducing emissions, raising the likelihood that
product and process innovations will be environmentally friendly.
Lack of ‘stringency’ is the factor most often mentioned when
scholars seek to explain why the EU ETS induced relatively little
innovation in the first phases (De Bruyn et al., 2010; Ellerman at
al., 2010; Rogge and Hoffmann, 2010; and Martin at al., 2011).
According to the Porter Hypothesis, environmental regulations
can – if stringent enough – stimulate companies to be innovative,
adopt and develop new technologies and practices, and gain
competitive advantages. The main implication is that companies
need regulation in order to recognize new and innovative oppor-
tunities that may pay off in the short or long term (Porter and van
der Linde, 1995).

Third, drawing on neo-institutional theory, we expect that
companies may internalize norms and rules about appropriate
conduct by participating in schemes like the EU ETS. Sometimes
referred to as ‘the logic of appropriateness’ (March and Olsen,
1989), this internalization of norms and rules constitutes the
prime causal mechanism seen as connecting institutions and
policy instruments to behavioural change. Studies have shown
that institutions and regulations can create new norms of respon-
sibility based upon the matching of situation and role rather than
on cost-benefit calculations (Vogel, 2005; Barth and Wolff, 2009;
Flohr et al., 2010). This literature questions the profit-
maximization motive and opens up for intrinsically norm-driven
behaviour to explain why some companies go beyond compliance
with environmental regulations (see, e.g., Flohr et al., 2010,
Gulbrandsen, 2010). Companies guided by the logic of appropri-
ateness can be expected to invest in long-term carbon solutions
beyond minimum compliance measures, once they have recog-
nized the climate change problem and responsibility for contri-
buting to problem-solving efforts.

Our research methods include interviews, surveys of company
documents and reports, and quantitative data analysis. Semi-
structured interviews were conducted with company manage-
ment representatives responsible for strategic and operative
matters concerning environmental impacts, including climate
change and other sustainability issues. Some complementary
interviews were conducted to obtain representation from other
stakeholders in the European pulp and paper industry and EU ETS
policy experts. Company documents and reports (annual reports,
sustainability reports etc.) have been used to examine the
companies’ external communications and outside recognition.
Data, originally from the Community Transaction Log (CITL,
2011), on allocated allowances and verified emissions under the
EU ETS have been analysed to examine the relation to cap from
the initiation of the scheme until 2011. By combining methods we
have been able to cross-check the consistency in company
statements, reported actions and compliance with the system.
In addition, since the EU ETS is one of many factors that may
influence corporate climate strategies, the effects of other rele-
vant variables have also been taken into account. We have

1 The Follum mill in Norway was sold in March 2012 and the Parenco mill in

the Netherlands in August 2012; during the period studied here, Follum and

Parenco were fully owned by Norske Skog.
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examined how the EU ETS and other EU policy instruments as
well as domestic-level policy instruments interact and co-
produce outcomes. The use of these different methods has proven
practical in informing the analysis of factors that have condi-
tioned corporate responses to the EU ETS.

3. Corporate climate strategies

3.1. Company backgrounds

SCA was founded in 1929 through a merger of several Swedish
forest companies. The internationalization of the company started
in the 1960s; today it ranks among the world’s leading forest
industry companies. It develops, produces and markets a broad
portfolio of products within the main segments of personal care
(e.g., baby nappies and incontinence care); tissues (e.g., toilet
paper and napkins); packaging material; publication paper and
newsprint; and solid-wood products (SCA, 2011). In 2011, SCA
operated some 250 production facilities, of which 45 were larger
pulp and/or paper mills, in 60 countries, and sold its products in
more than 100 countries. Europe represents a strong base, with
75% of total net sales (h11.7 billion for 2011), 75% of the total
number of 44,000 employees, and 75% of group-wide energy use
(fuel, heat and electricity) (SCA, 2012; Isaksson, interview 2011).2

Norske Skog is Norway’s only major pulp and paper company.
It was founded by Norwegian forest owners in 1962 to refine
national timber resources. During the 1990s, the company grew
internationally, first in Europe and expanding further through the
acquisition of newsprint and magazine paper mills in Asia,
Australasia, and South America (Sæther, 2004). Since the mid-
2000s, a difficult market situation with surplus capacity of news-
print has been challenging for the company. Between 2005 and
2011, global production of newsprint decreased by almost 20%
(FAO, 2012). In recent years, Norske Skog has closed or downsized
some of its production units and sold others; production has
fallen by 37% since 2006 (Norske Skog, 2012). The company has
shown negative results for several consecutive years and has
debts. However, with an annual production of 4 million tons it is
still among the world’s largest producers in its segment of
publications paper. In 2011, the company operated 13 wholly-
owned mills located in 10 countries, with annual sales around
h2.6 billion, and had 5075 employees worldwide. The European
part of Norske Skog’s business is represented by seven mills and
accounts for 70% of total production capacity (Norske Skog, 2012).

3.2. Recognition of the climate change problem

At an early stage both SCA and Norske Skog expressed
acknowledgment of the climate change problem and their
responsibility for contributing to problem-solving (SCA, 1999,
2002; Norske Skog, 2002). The companies already had consider-
able experience of dealing with local air and water pollution at
their mills, and were thus prepared for developing corporate
climate strategies when the climate change problem emerged on
the international agenda. Norske Skog and SCA have monitored
and reported their CO2 emissions since 1996 and 1998,
respectively–much earlier than many other PPI companies. They
were also relatively quick to express support for intergovern-
mental efforts to reduce GHG emissions, like the Kyoto Protocol
(SCA, 1999; Norske Skog, 2002). Among companies based in
Norway and Sweden, Norske Skog and SCA scored highest on

carbon accounting in the 2010 Carbon Disclosure Leadership
Index (CDP, 2010). Our expectations that the two companies
would be PPI frontrunners were confirmed by examination of
the corporate climate strategies of the 10 largest pulp and paper
companies in Europe, which indicated that the big Nordic forest
companies–Stora Enso, SCA and UPM–have adopted more ambi-
tious climate policies and programmes than have companies from
other countries (Gulbrandsen and Stenqvist, 2013).3

In the planning and formulation phase of EU ETS, SCA and
Norske Skog were positive to the idea of a carbon trading scheme,
i.e., conducting climate-mitigation efforts where most cost-effec-
tive, although they would have preferred a global scheme. By
contrast, the broader European PPI sector, represented by the
Confederation of European Paper Industries (CEPI), initially
opposed the ETS, arguing that its design ‘raises several concerns
for the competitiveness of EU industry’ (Hyvärinen, 2005: 41).
There has been significant focus on the regulatory risk of the
system due to carbon intensity and international competition in
the PPI. Nordic pulp and paper companies have a higher share
of renewables in their energy mix than most other European
pulp and paper companies, which means they face lower regula-
tory risk.4

For SCA, expectations as to the allocation of EUAs were
generally fulfilled. Due to international competition it was
expected that EU member states, in their National Allocation
Plans (NAPs), would propose generous allocations to domestic
industries (Isaksson, interview 2011). Indicative of the political
importance of getting the scheme up and running, the NAPs were
also approved by the European Commission (Convery and
Redmond, 2007). For many pulp and paper companies, including
SCA (although not Norske Skog), this resulted in ‘long’ positions
(whereby the cap of allocated EUAs clearly exceeded verified
fossil CO2 emissions) in the first trading period.5 In the course of
the EU ETS, both SCA and Norske Skog have anticipated successive
reductions in allocated EUAs. For individual installations this has
sometimes been the case, but the aggregate amount of allocated
EUAs has increased for both companies from the first to the
second trading period (see below).

While generally content with the allocation procedures, both
companies still perceive the risk of carbon leakage as a weakness
of the EU ETS, and would prefer a global emissions trading
scheme (interviews, Strandqvist 2011 and Carlberg 2011).
Another issue that SCA and Norske Skog noted also prior to the
introduction of EU ETS concerned the potential effects on elec-
tricity prices. Moreover, the companies had warned decision-
makers of the risk of windfall profits in the power sector (inter-
views, Isaksson 2011 and Carlberg 2011).6 Norske Skog and SCA
share frustrations concerning electricity prices: sales of surplus
allowances have not compensated for the rise in electricity prices;
and the higher costs cannot be passed on to consumers because of
the sharp competition in many market segments, especially
newsprint.

2 In 2012, SCA announced its decision to divest itself of its main operations in

the packaging segment. When implemented, this will significantly alter the

company portfolio (SCA, 2012).

3 Data on file with authors. See also Gulbrandsen and Stenqvist (forthcoming).
4 However, all mills in Norway were excluded from the scheme in the first

trading period–a government decision that Norske Skog disagreed with (Norske

Skog 2005).
5 In the first and the second period of EU ETS, the EUAs were allocated to the

PPI by means of ‘grandfathering’ based on recent historical baselines of fossil CO2

emissions. Due to significant use of biofuels, the industry also has biogenic CO2

emissions, which are not regulated by EU ETS.
6 According to economic theory, the power generators will pass on the

opportunity costs of their largely freely allocated emission allowances to elec-

tricity consumers. The extra costs of fossil-fuel-based power generation thus

impact on wholesale electricity prices, in line with the carbon intensity of the

marginal production unit (Sijm et al., 2006).
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3.3. Manifestations by target formulations and monitoring practices

In 2001, SCA made a group-wide commitment to reduce CO2

emissions from fossil fuels in relation to production levels (SCA,
2002). This commitment was strengthened in 2008, when SCA
announced it would reduce the CO2 emission intensity per unit of
product from fossil fuels and from purchased electricity and heat
by 20% by 2020, compared to 2005 (SCA, 2009). In 2011, SCA
reported a reduction of 7.3%, so it has been making progress
towards its target (SCA, 2011). Recently, the company also
adopted a target of 14% improvement in specific energy use
between 2010 and 2020 (SCA, 2012). While some of SCA’s other
environmental and social commitments have been changed or
replaced over the years, its commitment to mitigate climate
change has remained firm since 2001.7 In the late 1990s, the
SCA resource management system (RMS) brought in monitoring
and reporting practices for CO2 emissions–as well as other
emissions to air, water and various material flows (SCA, 1999).
This system was introduced due to internal driving forces,
independent of any expectations about a future emissions trading
scheme (Isaksson, interview 2011). The RMS has since been used
and developed for group-wide bottom–up compilation of GHG
emissions data from most production sites (SCA, 2012).

Norske Skog has also, since 2001, made clear its objective of
reducing GHG emissions. In 2007, this objective was quantified:
the company announced it would reduce direct emissions from
pulp and paper production and indirect emissions from purchased
energy by 25% by 2020, compared to 2006 (Norske Skog, 2010). As
of 2011, GHG emissions (including CO2, CH4 and N2O) had been
reduced by 18.2% (Norske Skog, 2012). Whereas SCA’s target is
production-related (as is common practice in the industry),
Norske Skog has set an absolute emissions-reduction target. Such
targets leave less room for manoeuvring than production-related
targets, but can prove tactical when a production decline can be
foreseen. The fact that Norske Skog has reduced its total produc-
tion level by almost 40% since 2006 has contributed directly to
progress towards its target.

In connection with the companies’ targets formulations it is
relevant to assess their CO2 emissions and cap of allocated EUAs
as regulated by EU ETS. The development of emission levels
indicates whether progress is consistent with group-wide targets.
The ratio between verified emissions and allocations indicates to
what extent EU ETS incentivizes companies to reduce CO2

emissions.
Fig. 1 shows the CO2 emissions and EUA allocations for 41 of

SCA’s installations, all covered by the EU ETS. During the first
trading period, the emission-to-cap ratio remained unchanged at
around 90%. With some acquisitions introduced in the second
trading period, emissions reached a high of 1.52 Mt CO2 in 2008
(Sandbag, 2012; communication with Eriksson 2011). These new
installations entitled SCA to additional EUAs in the second period.
In 2011, the EUA surplus was 450,000 t CO2 and the emission-to-
cap ratio was 75% (Sandbag, 2012). For unknown reasons, one
particular SCA mill, Mannheim (Germany), received a large
surplus in the second period, compared to its stable CO2 emis-
sions between 2005 and 2011 (Sandbag, 2012).

For the third trading period, which will span the period
January 2013 until December 2020, SCA expects a decrease in
allocated allowances compared to earlier periods (Isaksson, inter-
view 2011). Allocation in line with best-practice benchmarks

means that mills with less favourable fuel mixes will receive
fewer EUA allowances than currently needed (Strandqvist, inter-
view 2011).8 That should provide strong incentives for those mills
to implement abatement actions in the third trading period. SCA
as such may still receive a surplus of EUAs, since some of its larger
mills are heavily reliant on biomass fuels (Fält, interview 2011).
As SCA has a diverse product portfolio with major operations in
up to ten EU ETS countries, a more in-depth analysis would be
required to assess the group-wide situation for 2013–2020.

Turning to Norske Skog, Fig. 2 shows CO2 emissions and EUA
allocations for the seven installations covered by the EU ETS. From
an initial emission-to-cap ratio close to 100%, the allocation of
EUAs increased as the Norwegian mills joined the EU ETS in the
second trading period. Over the period 2005–2011 Norske Skog’s
direct CO2 emissions decreased by about 10%, due partly to low
production output in recent years (Norske Skog, 2006, 2011). In
2011, Norske Skog had a total EUA surplus of 90,000 t CO2 and an
emission-to-cap ratio of 83% (Sandbag, 2012). Almost 90% of the
CO2 emissions from its European mills stem from Parenco
(Netherlands) and Bruck (Austria)–where electricity for the pro-
duction processes is not purchased but produced on-site from
natural gas (co-generation of heat and power). Under the EU ETS,
CO2 emissions from the production of electricity are allocated to
these mills, not to the power companies. The CO2 emissions from
Norske Skog’s three Norwegian mills are very low compared to
mills elsewhere in the PPI, and this relates to energy and fuel mix.
The Norwegian mills account for more than 30% of the company’s
total production capacity, but their direct emissions (onsite fossil
fuels) and indirect emissions (those arising from purchased
energy) are less than 5%. These mills get most of their electricity
from hydropower, and cover only around 1% of their energy
demand by fossil fuels.

Norske Skog is likely to receive a group-wide surplus of EUAs
in the third trading period, partly because of the low emission
levels of its Norwegian mills. Table 1 shows direct and indirect
emissions from purchased energy for Norske Skog’s European
mills in tons of CO2 equivalents per ton of paper.9 Only direct
emissions are reported under the EU ETS. As the product bench-
marks for these mills will be close to 0.3 allowances per ton of
paper in the third trading period (DG CLIMA, 2011; EC, 2011), two
mills–Bruck and Parenco–will have to purchase emission allow-
ances; the other mills will receive a surplus of free allowances
(Carlberg, interview 2011).

Somewhat paradoxically, the mill with the biggest carbon
footprint–Walsum–will have a considerable surplus of emission
allowances in the third phase of the EU ETS. This mill has a large
carbon footprint because it purchases electricity from a coal-fired
power station, but emissions from producing this electricity are
accounted for by the power-plant under the EU ETS, not by the
mill (see Table 1). In sum, Norske Skog appears well-positioned
for the third trading period, when a considerable surplus of free
allowances can be expected.

3.4. Actions for abatement

In its external communication SCA reports on several recent
and on-going CO2-lean investment projects and some innovative
abatement actions. The company strategy is to maintain and
improve its installations with the most suitable technology in
terms of fuel usage and energy performance (Strandqvist, inter-
view 2011). A group-wide programme, ESAVE, has been

7 Since 2006, SCA has had the following environmental and social commit-

ments: reducing CO2 emissions from fossil fuels; not using wood fibre from

controversial sources; improved water usage; compliance with the universal Code

of Conduct (SCA, 2011). In 2011, SCA further extended the number of sustain-

ability targets (SCA, 2012).

8 The starting point for setting performance benchmarks for free allocation of

EUAs (2013–2020) was to be the average performance of the 10% most efficient

installations in a sector in 2007/2008 (EC 2011).
9 Norske Skog’s mills produce primarily newsprint and coated fine paper.
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established to provide a structured approach to identifying and
implementing energy-efficiency improvement actions. Since 2003
this programme has resulted in 1700 smaller-scale projects with
an estimated annual reduction of 120,000 t of CO2 (SCA, 2012). In
2010, responding to the demand for biofuels and renewable
electricity, SCA formed the new business unit SCA Energy to
coordinate activities like fuel from logging residues, refined
biofuels and wind-power (Fält, interview 2011). Larger projects

include investments in new or retrofitted energy installations
with the potential to generate significant CO2 emissions
reductions:

� In 2006 the Östrand chemical pulp mill (Sweden) made a
h160 million investment in a recovery boiler and a back-
pressure turbine which doubled the capacity for biofuel based

Fig. 1. Allocations and CO2 emissions for SCA’s 41 installations under EU ETS. Source: Sandbag (2012).

Fig. 2. Allocations and CO2 emissions for Norske Skog’s 7 installations under EU ETS. Source: Sandbag (2012).

Table 1
Direct and indirect emissions from Norske Skog’s European mills in 2010, measured as tons CO2 equivalents/tons of paper. Source Norske Skog (2011).

Mill Bruck (AT) Follum (NO) Golbey (FR) Parenco (NL) Saugbrugs (NO) Skogn (NO) Walsum (DE)

CO2-e direct 0.55 0.01 0.04 0.72 0.02 0.02 0.06

CO2-e indirect 0.05 0.02 0.12 0.07 0.02 0.02 1.29
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auto-produced electricity and made the mill a net provider of
electricity and heat (SCA, 2009). In 2011, after a h50 million
investment, Östrand installed a new lime kiln which will be
fuelled with crushed sawdust pellets and will reduce oil
consumption by 17,000 m3 per year, and fossil CO2 emissions
by 80% or 50,000 t per year (Fält, interview 2011).
� At the Witzenhausen mill (Germany), an external partner has

invested h127 million in a combined heat and power (CHP)
plant for incineration of industrial by-products and refuse-
derived fuel (Isaksson, interview 2011). The mill has phased
out its old gas installations and outsourced electricity and heat
production to the operator of the CHP plant, thereby reducing
direct CO2 emissions by 90% or 100,000 t per year (Sandbag,
2012).
� The joint venture Statkraft SCA Vind AB has been formed to

implement wind-power installations of up to 1200 MW in
SCA’s Swedish forest holdings (Vindkraft Norr, 2011). SCA
grants the land area while the Norwegian power company
Statkraft undertakes the h1.6 billion investment. Through the
wind-power installations partly underway, SCA will be
ensured affordable and long-term electricity supply for its
electricity-intensive Ortviken mill (SCA, 2011).

Norske Skog reports that climate-change issues are integrated
into its business strategy in various ways–including management
and projection of operational costs; identification of investment
options; relations with employees, customers and other stake-
holders; and its engagement with governments and regulators
(CDP, 2011). The focus is on short- and long-term abatement
plans in order to achieve its emissions-reduction target. As
examples of abatement actions, the company has highlighted:

� Participation in a consortium investigating the possibilities to
develop and produce second-generation biofuel.10

� Several mills are conducting feasibility studies into greater use
of biofuel, as investments in new assets or upgrades of existing
assets.
� Reduced energy use and GHG emissions by increasing the

capacity of the company’s Skogn mill in Norway to incorporate
clay fillers in its paper products (CDP, 2011). The clay can
substitute virgin pulp and reduce process energy demand for
pulp production in an integrated mill.

4. Effects of EU ETS on corporate climate strategies

4.1. The cost-benefit perspective

The EU ETS may influence company cost-benefit assessments
by increasing the benefits of cutting CO2 emissions and by adding
costs to not doing so. Companies will rank the available abate-
ment alternatives, phasing in the lowest-cost options first. Low
EUA prices should not be expected to trigger offensive strategies
involving new investment practices and engagement in long-term
R&D to drive large-scale and high upfront-cost solutions.11

Both SCA and Norske Skog recognize that EUAs represent
potential costs or revenues in every investment decision. New
staff categories, like project departments responsible for major
process changes at the mills, are now involved in CO2 accounting,
as the price of emissions must be integrated in investment
appraisals. However, the companies do not perceive the role of
the EU ETS as a particularly important impetus for investments
(interviews, Isaksson 2011 and Carlberg 2011). The CO2 price-tag
on fossil-fuel use represents one of several factors that can
underpin industrial investment decisions (Fält, interview 2011).
Rising electricity prices are seen as a stronger influence from the
EU ETS. Access to abundant and affordable electricity is essential
to the PPI; thus, the EU ETS has made it increasingly important to
make projections about future electricity prices and account for
this in investment and business plans. This ‘indirect’ effect of EU
ETS overshadows the more ‘direct’ effect of establishing a price-
tag on CO2 emissions from internal fossil fuel use. Interest in
electricity generation from wind-power and industrial CHP has
grown, and greater efforts are being made to establish secure and
affordable electricity supplies. This is demonstrated by SCA’s
abatement actions, organizational restructuring (e.g., the estab-
lishment of SCA Energy) and search for alternatives to the
electricity spot market.

Rising electricity prices are also a driving force for process
changes to reduce specific electricity use. Both SCA and Norske
Skog claim that they continuously maintain and replace equip-
ment to improve their energy performance and reduce CO2

emissions. Primarily SCA has implemented large high upfront-
cost investments expected to generate significant future CO2

emissions reductions. These investment decisions have been
announced at various points in time over the EU ETS periods
(2005–2012), without apparent association with the EUA market
price or expectations as to future prices. Hence, the variable but
generally low EUA price level does not appear to have been
important in motivating companies to adopt more offensive
investments.

The impact of the EU ETS on investments is expected to
increase in the third trading period. The newly installed lime kiln
at SCA’s Östrand mill has shown that the EU ETS can contribute
positively to a large CO2-lean investment. The estimated emis-
sions reduction of 50,000 t CO2 per year represents revenues of
h0.5–1.5 million per year from selling EUAs, depending on the
future price level (here assigned a range of h10–30). For the h0.5
billion investment, this revenue stream will constitute a consid-
erable share of the depreciation value.

4.2. Regulation, innovation and competitiveness

As applied to the EU ETS, the Porter Hypothesis rests on the
following logic: companies (board, management and staff) in the
trading sector will have to deal with the introduction and
implications of EU ETS; the EUA cap-and-price signal will raise
awareness of the business advantages of achieving CO2 emissions
reductions; early adopters of CO2-lean products and process
innovations will gain a first-mover advantage over their
competitors.

With current emissions-to-cap ratios of 75–85%, both SCA and
Norske Skog have some operating space in relation to their caps.
In a group-wide perspective, neither company risks having to
purchase EUAs. In terms of the size of the cap, the regulation of
CO2 emissions cannot be considered stringent. Neither do today’s
low price levels (h5–10), due partly to generous allocations, send
a clear signal to companies to develop offensive strategies and
invest in innovative solutions. For Norske Skog the situation was
somewhat different in the first trading period, when its
emissions-to-cap ratio was close to 100% and the EUA market

10 Financial constraints have halted this project, but Norske Skog reports that

the accumulated knowledge base will be valuable for similar projects in the

future.
11 Over the second period (2008–2012) the EUA price has ranged between h27

(in 2008) and low levels of h5–10 (2011–2012). The economic downturn and

generous allocation over the second period will generate a transferable surplus

which will depress the price in the third period. As of August 2012, estimates

based on EUA futures indicated price levels between h8 and h12 over the third

period 2013–2020 (EEX 2012).
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price was around h20–30. The allocation increased after the
Norwegian mills were included in the second period, which
established Norske Skog’s long position. It can be argued, as held
by Norske Skog, that the company was disadvantaged in being
partly excluded from the EU ETS and the framework conditions
faced by its competitors (Norske Skog, 2005). In relation to other
PPI companies, Norske Skog’s cap appears to have exerted some
pressure on the company in the first trading period (Sandbag,
2012). However, it is primarily market factors like newsprint
overcapacity that have led Norske Skog to reduce its CO2 emis-
sions since 2005. The Parenco mill in the Netherlands has reduced
its CO2 emissions by 20% in absolute figures since 2005 as a result
of a paper machine shutdown in 2009 which decreased annual
production by 40% (Norske Skog, 2010). The CO2 intensity of this
mill’s production has thus increased by 30%.

A common standpoint among industry representatives is that
energy and climate policies need to provide long-term stable
conditions to facilitate investments. Perceived uncertainties may
lead to dropping or postponing investments due to lack of
decision support (Fält, interview 2011). SCA has to a greater
extent than Norske Skog undertaken large projects and invest-
ments over the EU ETS period. We find no instances where the EU
ETS as such has led SCA to refrain from making investments, but
neither is the system perceived as a major force behind business-
driven investments (Isaksson, interview 2011). In expectation of
the third period, with allocation based on performance bench-
marks, SCA is content with the long-term horizon provided by the
scheme. In addition to the phase-out of expensive fuel oil, the
lime kiln investment at the Östrand mill will generate annual
revenues from EUAs, at least until 2020. This may give the mill a
first-mover advantage, as lime kilns are often considered a fossil-
fuel-dependent production process (Ecofys, 2009). In their road-
map to a low-carbon bioeconomy, the Confederation of European
Paper Industries (CEPI, 2011) categorize biofuel lime kilns as one
of the long-term solutions up to 2050. The project is innovative
with regard to the large volumes of fuel-oil replacement and the
advanced requirements of the biofuel combustion process (Fält,
interview 2011). If successful, this could pave the way for further
installations in the PPI. To coordinate its business activities in
renewable energy, SCA established SCA Energy. The intention is to
scale up existing segments (like supply of wood pellets) and
develop new innovative segments (like automotive fuels)–both
likely to influence SCA’s R&D strategies.

4.3. Internalization of norms and rules

Drawing on neo-institutional theory, we proposed that com-
panies may internalize norms and rules about appropriate con-
duct through their participation in schemes like the EU ETS.
Whereas companies are likely to seek the least costly adaptation
to the ETS in the short term, they may internalize norms and rules
for appropriate conduct as socially responsible companies in the
longer term. Our interviews confirmed that the EU ETS has raised
awareness of the climate-change issue among company staff and
management alike. Media coverage and public debate have made
the ETS a reality that both SCA and Norske Skog must take into
account. The scheme also requires companies to monitor and
report CO2 emissions and integrate the cost of emissions in their
financial procedures. As noted, while SCA and Norske Skog had
monitored and reported emissions data before the introduction
EU ETS, the scheme has resulted in slightly more resources being
put into site-level administration and reporting of GHG emissions
data. Project departments have also become involved in integrat-
ing CO2 prices in investment appraisals.

Although commitments on emissions reductions had been
made earlier, it was only in 2007/2008, after the introduction of

the EU ETS, that the companies formulated and communicated
quantified CO2 emission reduction targets. Political targets asso-
ciated with the ETS, like the EU’s GHG emissions target of at least
20% reduction by 2020 compared to 1990, spur companies to
formulate their own targets with timeframes and ambition levels
that appear both reasonable and socially responsible (Isaksson,
interview 2011). SCA has stressed the importance of adapting its
group-wide climate mitigation target to the circumstances of
various EU member states and other regions of the world. In each
country, operations experience differing conditions, such as vari-
able feedstock, energy supply, and policy contexts. Consequently,
opportunities for reducing CO2 emissions vary significantly from
country to country.

Norm-driven company behaviour may certainly be triggered
by mixed motivations, including the desire to ‘do the right thing’
while also reaping reputational benefits and building credibility
in the marketplace. However, we have found little evidence of
norm-driven behaviour in the PPI and the companies studied.
Rather, our analysis of the influence of the EU ETS on corporate
climate strategies shows that some activities, like energy-
efficiency improvement actions, can be attributed to other policy
programmes or an autonomous development. In this kind of
action-oriented perspective, the EU ETS can be seen as one factor
among others, but one which has as yet had rather little influence
on normative commitments to develop proactive climate
strategies.

5. Explaining divergent corporate climate strategies

We have seen that both SCA and Norske Skog recognize the
problem of anthropogenic climate change. Apart from aspects
perceived to have negative impacts on business (e.g., electricity
price increases and the risk of carbon leakage), they have
welcomed the EU ETS. The companies have manifested their
responsibility for problem-solving with their CO2 emissions-
reduction targets and related monitoring practices, and have
made progress towards their respective targets. Compared to
pulp and paper companies in other European countries that rely
on fossil oil, coal and natural gas for much of their electricity and
process heat needs, a relatively large share of production capacity
of our two case companies is located in Sweden and Norway, with
ready access to renewable electricity and CHP based on biofuels.
This helps to explain why Norske Skog and SCA were more
positive towards the EU ETS than were pulp and paper companies
in other European countries, although it must be noted that only
8 out of 41 SCA installations covered by the ETS are located in
Sweden.

On the other hand, there are some divergences that call for
further analysis. One evident difference between the company
strategies lies in target formulation. Norske Skog’s target is
formulated as an absolute reduction, whereas SCA has adopted
an intensity-based reduction target, following the common prac-
tice of reduction related to production level. As noted, Norske
Skog’s progress towards its target has been facilitated by its
closure of some mills in recent years. These restructurings of
operations were probably foreseen when targets were formu-
lated, which may explain the rationale for adopting an absolute
target.

SCA is more active than Norske Skog in investing and imple-
menting CO2-lean actions. One explanation and important differ-
ence here is access to forest land. As Europe’s largest forest owner,
SCA can take advantage of its vast forest resources (2.6 million
hectares) through activities like biofuel production, electricity
generation from biomass sources, and experimentation with
large-scale wind-power installations. By contrast, Norske Skog
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has sold off most of its forests and cannot experiment with
innovative activities requiring large tracts of forest land.

The viable options for larger investments and climate-related
innovation activities are heavily dependent on the infrastructural
and organizational context surrounding the mill. The SCA Östrand
mill (Sweden), for example, is located in the vicinity of the
company’s forest assets. At a site nearby, the business unit SCA
BioNorr produces refined biofuels of residuals from sawmilling
operations under SCA Timber. This integration creates a supply
chain and a logistic solution that ensures reliable and affordable
access to fuel pellets, making possible the investment in the
biofuel-based lime kiln (Fält, interview 2011). Projects under-
taken at the Östrand mill show that production factors (access to
natural resources, raw materials, infrastructure etc.) clearly mat-
ter for the types of innovative and CO2-lean investment solutions
that can be accomplished. These factor conditions, however, are
not entirely inherited or given, but have been exploited and
refined by SCA together with other actors (cf. Porter, 1990).

SCA has aligned several operations to interplay in something
like an industrial cluster in the area around the Östrand mill. In
Witzenhausen (Germany), by contrast, SCA has outsourced elec-
tricity and heat production and contracted a company to cover
the whole ‘waste-to-energy’ value chain, to ensure the long-term
energy supply. More generally, it is easier to use and switch to
less carbon-intensive fuels in some countries than in others, and
the national situation clearly matters when it comes to electricity
supply and the availability of biomass to replace fossil fuels. Mills
in some countries can rely on affordable hydropower (as in
Norway) or on CHP from biomass fuels (as in Sweden), while
elsewhere in Europe mills often rely on fossil natural gas for much
of the electricity and process heat required in production.

Production mix and financial situation are other aspects that
make possible different actions. As noted, problems of over-
capacity and decreased demand for newsprint have put pressure
on Norske Skog. In this situation it is probably difficult for Norske
Skog to see long-term stability in the segment, which can explain
why the company has refrained from investments and instead
focused on paying its debts. By contrast, SCA has a more
diversified production portfolio, dominated by the hygiene seg-
ment (tissue and personal care products), where demand is
steadily growing. Between 2005 and 2011, the global production
of household and sanitary paper increased by almost 25% (FAO,
2012). Besides being less vulnerable to shifts in market demand, a
diversified production portfolio requires different types of process
equipment, which in turn makes possible a variety of energy
supply- and demand-side measures.12

The pulp and paper companies of Sweden and neighbouring
Finland are known for their long history of product and process
innovations (see e.g., Waluszewski, 1990; Smith, 1997;
Laestadius, 1998). According to recent rankings of the top 1000
EU companies by level of R&D investment, Stora Enso (Finland),
SCA (Sweden) and UPM (Finland) are the three highest-ranked
forest industry companies (JRC EC, 2011). By comparison, Norske
Skog was not a technological frontrunner in the past, nor does it
rank among the companies with the highest R&D investments.
However, it has been relatively quick to adopt new technology
developed in collaboration between equipment manufacturers
and the Swedish (and Finnish) PPI. In the 1970s, for example,
Norske Skog dealt with air and water pollution with equipment

developed and delivered by Swedish companies (Sæther,
2000: 190).

To summarize, the effect of EU ETS is conditioned by various
factors at the national and regional level, including access to
biomass, electricity supply, and policy context. Our case studies
have shown that both company-internal and -external factors
influence corporate responses to the EU ETS and help to explain
why SCA has initiated more innovation activities and CO2-lean
investment projects than Norske Skog.

6. Conclusions

The EU ETS was the first mandatory climate regulation target-
ing the PPI in Europe. The PPI sector initially opposed the ETS,
arguing it would entail competitive disadvantages for European
industry. The rational-calculative model of corporate behaviour
captures well the opposition to the EU ETS in the PPI and the
short-term, cost-minimizing adaptation to the EU ETS by European
pulp and paper companies. The pulp and paper industry generally
appears to focus on continuous improvements in operations and
reductions in energy use, rather than long-term, innovative solu-
tions. Corroborating this observation, our study has shown that
emissions trading had a rather limited effect on the climate
strategies of SCA and Norske Skog. For both firms, company-wide
CO2 emission objectives existed prior to the introduction of the
scheme, as did systems for site-specific emissions monitoring. The
value of CO2 emissions is recognized and accounted for by SCA and
Norske Skog, but the EUA price-tag is a minor incentive among the
many factors that underpin industrial investment decisions.

However, the observation that SCA and to some extent Norske
Skog have engaged in low-carbon activities for the longer term
does not fit with the model of cost-minimizing, short-term
adaptation to the EU ETS. By influencing electricity prices, the
scheme has reinforced commitments to improve energy efficiency
and reduce CO2 emissions. Indeed, rising electricity prices are
perceived as the strongest influence of the EU ETS and have led to
strategic decisions to investigate the alternatives to the wholesale
electricity market. Electricity-intensive pulp and paper companies
are showing greater interest in investing in power assets, on their
own or in various constellations; in making bilateral agreements
for long-term power contracts; and engaging in energy-supply
contracts.

Compared to Norske Skog, SCA appears more attuned to
exploring new opportunities. One explanation is company varia-
tion in factors of production that constrain or facilitate specific
innovative and CO2-lean investment solutions. Illustrative is SCA’s
extended search for new biomass-based energy solutions to
reduce emissions. The situation for Norske Skog is different, as
the company has less need for CO2-lean innovation for its mills in
Norway, which receive the bulk of their electricity needs from
hydropower. Two additional factors seem to explain the greater
willingness of SCA than Norske Skog to invest in low-carbon
solutions: availability of human and financial resources, and
dynamic capabilities. SCA is not only a far bigger company than
Norske Skog; it is also one of Europe’s largest owners of forests
that can be used for innovation and emissions-reduction pur-
poses. SCA also has a long history of product and process
innovation and ranks among the top three innovators in the
industry.

We must conclude, however, that the EU ETS so far has had
little effect in triggering the search for innovative, low-carbon
solutions. Even a frontrunner like SCA has maintained a low
profile with regard to possible long-term abatement technologies
like black liquor gasification and CCS. Hence, our study does not
lend support to the Porter Hypothesis–i.e., that the EU ETS would

12 For instance, SCA Östrand’s investments in a new recovery boiler and a back

pressure turbine which made the mill a net supplier of renewable electricity could

not be have been made by any of Norske Skog’s mills, which are all based on the

thermo-mechanical pulping process (see Section 3.4 for examples of different

measures implemented by SCA).
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alert and educate companies to the benefits of reducing emis-
sions, and raise the likelihood of product and process innovations
achieving high environmental performance. In our analysis, the
limited effect of the EU ETS on innovation emerges as due
primarily to surplus of allowances and a low EUA price.

Finally, the proposition that companies may internalize norms
and rules about appropriate conduct through their participation
in the EU ETS receives limited support in our study. Both SCA and
Norske Skog had recognized their responsibility in mitigating
GHG emissions before the introduction of the ETS. Moreover, their
actions do not appear to be norm-driven but seem motivated
primarily by economic motives, taking their social responsibility
into account.

As part of the EU 2020 strategy there are high expectations for
the EU ETS to become the key policy instrument in delivering
cost-effective climate mitigation in energy-intensive industries.
The cap for 2020 represents a 21% reduction of emissions
compared to 2005, when the EU ETS was first implemented.
Thereby the EU ETS, alongside with the effort-sharing decision, is
intended to ensure that the EU meets its binding target of 20%
reductions of GHG emissions by 2020 compared to 1990. How-
ever, this does not imply that EUA prices will be sufficiently high
to directly stimulate investments, climate strategies and innova-
tions in the trading sector and more specifically in the PPI.
Estimates based on EUA futures indicate that EUA prices will
remain low throughout the third period. Although price projec-
tions are uncertain, the economic downturn combined with
generous allocations during the second trading period is set to
create a surplus of EUAs which can be transferred to the third
period. Thus, it is possible that access to EUAs will be inflated
compared to actual emission levels of the PPI–which would lessen
the need for companies to purchase any EUAs over the initial
years of the third period, and further delay investment in
innovative strategies to reduce GHG emissions. For the system
to have greater influence on company investment decisions in the
future, the enforcement of a stringent cap and a high EUA market
price will be necessary.
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Egenhofer, C., 2007. The making of EU Emissions Trading Scheme: status,
prospects and implications for business. European Management Journal 25
(6), 453–463.

Ellerman, A.D., Convery, F., De Perthuis, C, 2010. Pricing Carbon: The European
Union Emissions Trading Scheme. Cambridge University Press, Cambridge.

FAO, 2012. FAOSTAT, downloaded 16.08.2012 from /http://faostat.fao.org/site/
626/default.aspx#ancorS.

Flohr, A., Rieth, L., Schwindenhammer, S., Wolf, K.D., 2010. The Role of Business in
Global Governance: Corporations as Norm-Entrepreneurs. Palgrave Macmillan,
Basingstoke.

Gravelle, H., Rees, R., 1981. Microeconomics. Longman, London.
Gulbrandsen, L.H., 2010. Transnational Environmental Governance: The Emer-

gence and Effects of the Certification of Forests and Fisheries. Edward Elgar,
Cheltenham.

Gulbrandsen, L.H., Stenqvist, C., The Pulp and Paper Industry. In: Skjærseth, J.B.,
Eikeland, P.O. (Eds.), Corporate Responses to EU Emissions Trading. Ashgate
Aldershot, forthcoming.

Hoffmann, V.H., 2007. EU ETS and investment decisions: the case of the German
electricity industry. European Management Journal 25 (6), 464–474.

Hyvärinen, E., 2005. The downside of European Union emission trading–a view
from the pulp and paper industry. Unasylva 56 (222), 39–41.

JRC EC, 2011. The 2011 EU Industrial R&D Investment Scoreboard. Publications
Office of the European Union, Luxembourg.

Laestadius, S., 1998. The relevance of science and technology indicators: the case
of pulp and paper. Research Policy 27 (4), 385–395.

Leong, G.K., Ward, P.T., 1995. The six Ps of manufacturing strategy. International
Journal of Operations & Production Management 15 (12), 32–45.

March, J., Olsen, J.P., 1989. Rediscovering Institutions: The Organizational Basis of
Politics. Free Press, New York.
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