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Abstract
Th e Swedish pulp- and paper industry is a considerable user 

of energy, accounting for about 50 percent of the Swedish in-

dustrial energy use and 2 percent of the EU-25 industrial en-

ergy use. Its high energy use makes this industry particularly 

important in terms of energy effi  ciency. Previous research has 

emphasised the need for companies’ to have well functioning 

energy management practices in order to increase energy effi  -

ciency. Th is paper describes and analyses energy management 

practices in the Swedish pulp and paper industry. A question-

naire was sent out to the person in charge of the energy issue at 

all Swedish mills and 40 replies were received, a response fre-

quency of 68 percent. Th e results show that the energy issue has 

been given increasingly higher priority over the past 10 years. 

However, in spite of this, overall results from the questionnaire 

show that there is still potential for improving energy manage-

ment in the studied industry. More than 20 percent of the stud-

ied mills lack a long-term energy strategy, and less than half 

of the studied mills have an energy strategy covering at least 

fi ve years. Th ese results indicate that the implementation of a 

long-term energy strategy in this energy intensive industry, in 

combination with other means, could be of utmost importance 

for increasing energy effi  ciency. In conclusion, based on the re-

search results presented in this paper, a diff erent energy policy 

design for the industry seems to be needed, which could be 

very fruitful if it focuses on establishing more effi  cient energy 

management practices and includes all energy carriers. More-

over, the fact that more than 20 percent of the studied mills 

lack a long-term energy strategy and the fact that the Swedish 

EMS standard does not require such a strategy to be formulated 

indicates the need for further studies regarding a plausible in-

clusion of a long-term energy strategy in the EMS standard. 

Introduction
Increased global warming resulting from the use of fos-

sil fuels is posing a major threat to the global environment 

(IPCC 2007). Industrial energy effi  ciency is one of the most 

important means of reducing the threat of increased glo-

bal warming (IPCC 2007). Studies of the implementation of 

cost-eff ective energy conservation measures show that these 

measures are not always implemented because of the existence 

of various obstacles to energy effi  ciency such as market bar-

riers and failures, e.g. imperfect information, split incentives, 

adverse selection and principal-agent relationships, resulting 

in a so called energy effi  ciency gap. According to mainstream 

economic theory, barriers related to market failures may jus-

tify public policy intervention in the market (Jaff e and Stavins 

1994). Studies of barriers to energy effi  ciency have shown that 

they diff er depending on the type of industrial production and 

country and industry specifi c conditions (Sorrell et al. 2000), 

such as split incentives, imperfect information, and hidden 

costs and risk, indicating a need for country and industry spe-

cifi c studies in order to identify these barriers. To overcome the 

barriers, both organisational and behavioural factors such as, 

for example, the implementation of a long-term energy strat-

egy, people with real ambition, and public policies, e.g. various 

industrial energy programs and other country specifi c instru-

ments, are important factors.
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Between 2000 and 2006 Swedish industries have faced sig-

nifi cant increases in energy prices. While electricity prices al-

most doubled, oil prices rose by about 70 percent during this 

period (Johansson et al. 2007, SEA 2006). For the industrial 

company there are two main means for overcoming the threat 

of rising energy prices focusing on managing the energy supply 

side with diversifi ed portfolios etc and energy management fo-

cusing on a reduction in energy end-use. Th is paper will focus 

on the latter, viz. energy end-use issue. Previous studies have 

shown that there is considerable potential for energy effi  ciency 

improvements in Swedish industry (EEC 2008). How large the 

potential is, however, is open to discussion and is dependent, 

for example, on the magnitude of the specifi c barriers to energy 

effi  ciency related to the industrial sector. About one third of the 

energy use in Sweden, 157 TWh, 56 TWh of which is electric-

ity, is used by industry (SEA 2008). Among the Swedish energy 

intensive industries using more than 70 percent of the total in-

dustrial energy, the pulp and paper industry accounts for nearly 

50 percent of the annual industrial energy use, which is about 

2 percent of the EU-25 industrial energy use (SEA 2008, Euro-

stat 2007). Th e Swedish pulp and paper industry’s substantial 

energy use makes this industry particularly important to study 

in terms of energy effi  ciency. Previous research has confi rmed 

the existence of an energy effi  ciency gap in the industry and 

found the largest barriers to energy effi  ciency to be technical 

risks such as risk of production disruptions, cost of production 

disruption/hassle/ inconvenience, technology inappropriate 

at the mill, lack of time and other priorities, lack of access to 

capital, and slim organisation (Th ollander and Ottosson 2008). 

As regards the driving forces for energy effi  ciency in the Swed-

ish pulp and paper industry, the highest ranked driving forces 

were related to organisational factors within the mills such as 

cost reductions resulting from lower energy use, people with 

real ambition and the existence of a long-term energy strategy, 

emphasising the need for further studies of the existing energy 

management activities within this particular industry. Th e aim 

of this paper is to describe and analyse energy management 

practices in the Swedish pulp and paper industry. Th e aim has 

been divided into four research questions:

How has the mill’s priority of the energy issue changed be-• 

tween 1996 and 2007?

How are energy costs allocated at the mill?• 

Does the mill have an existing long-term energy strategy • 

and if so, what period does it cover?

What payoff  criteria are used when investing in energy ef-• 

fi ciency measures at the mill? 

Th is paper, thus, provides important knowledge of energy 

management practices in the largest energy intensive industry 

in Sweden, one of the most energy-intensive countries in the 

world. Th e paper is structured as follows: fi rst, the energy use in 

the Swedish pulp and paper industry is presented, followed by 

description of the papers method. Th e results are then described 

and analyzed and the conclusions drawn are presented.

Energy use in the Swedish pulp and paper 
industry 
In 2005, Sweden was the third largest exporter of paper prod-

ucts and the fourth largest exporter of pulp in the world: 

about 80 percent of the pulp and paper produced is exported 

(SFI 2005). As stated above, the magnitude of the energy sav-

ings potential is open to discussion (and the subject of dispute). 

As far as the authors are aware, no fi gure of the potential for 

energy effi  ciency in the Swedish pulp and paper industry has 

ever been given. However, related research in the Finnish pulp 

and paper industry found an economic savings potential of 10-

15 percent for heat and fuels and 1-4 percent for electricity, 

with an average payback period of two years (Hietaniemi & 

Ahtila 2007). Notably, the largest potential lies in heat savings 

and not electricity. It should be noted that other research indi-

cates, at least technically, that potential also exists for further 

signifi cant energy effi  ciency improvements in other areas, for 

example process heat integration (pinch) analysis (Wising et al. 

2005). Th e industry consists of about 60 mills, employs some 

27,500 people and accounts for about 6 percent of the Swedish 

aggregated production value (SFI 2005, SEA 2007). Th e produc-

tion of pulp consists of three basic types of mills: mechanical, 

chemical, and chemical-mechanical pulp production (CTMP). 

While the chemical pulp process mainly uses biomass as pri-

mary energy source, the mechanical pulp process uses more 

electricity. Th e Swedish pulp and paper industry uses about 

50 TWh biomass, 22.9 TWh electricity and 7.3 TWh fossil fu-

els. Furthermore, chemical pulp mills generate about 5 TWh 

electricity through the use of back pressure (SFI 2007). Since 

the 1970s, the industry has gradually grown less dependent on 

fossil fuels. Th is is due partly to energy effi  ciency improvements 

(the Swedish pulp and paper industry has a reputation as one of 

the most effi  cient in the world (Nilsson et al. 1996)) and partly 

to increasing use of electricity (SEA 2008, SCB 2006).

Method
Th is research was carried out as a case study. Case study re-

search is particularly advantageous when ‘how’ or ‘why’ ques-

tions are asked about a contemporary set of events over which 

the investigator has little or no control (Yin, 1994). Th e research 

was carried out by means of a questionnaire centring on energy 

management. Th e questionnaire is a result of several years of re-

search and experience in Swedish industry and includes issues 

identifi ed by previous in-depth interviews as well as literature 

reviews (Th ollander et al. 2005, Rohdin and Th ollander 2006, 

Rohdin et al. 2007, Th ollander and Ottosson 2008). Four is-

sues of importance were more explicitly studied due to the fact 

that these factors were found to be of importance in previous 

studies: the existence and length of a long-term energy strategy, 

the priority of the energy issue the past 10 years, the pay-back 

criteria, and how the companies allocate their energy costs. Th e 

four questions covered in the questionnaire were:

How has the mill’s priority of the energy issue changed be-• 

tween 1996 and 2007?

How are energy costs allocated at the mill?• 

Does the mill have an existing long-term energy strategy • 

and if so, how long is it?
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What payoff  criteria are used when investing in energy ef-• 

fi ciency measures? 

Th e reason for studying the fi rst research question was that the 

Swedish electricity market was deregulated in 1996, leading to 

initial drops of prices. From 2000 however, electricity prices 

started to rise and fl uctuate more and oil prices rose by 70 per-

cent between 2000 and 2005. From 2005, electricity prices were 

expected to rise even further due to the implementation of the 

EU ETS (EU Emission Trading Scheme). Please see fi gure 1, 

which shows the fl uctuations in Swedish electricity prices on 

the Nordic spot market. Moreover, the adoption of the Swed-

ish PFE (the Programme for Improving Energy Effi  ciency in 

Energy-Intensive Industries) in 2005 should plausibly have led 

to greater attention being paid to energy effi  ciency issues. 

One common barrier to energy effi  ciency is split incentives, 

due for example to inadequate allocation of energy costs at 

plant level. If the department manager is not responsible for the 

energy costs, energy management is likely to fail as there are no 

incentives for him or her to focus on the issue. Th is was the rea-

son why the second research question was explored. Previous 

research has found that a long-term energy strategy is of great 

importance if energy management is to succeed, emphasising 

the importance of the third research question to be studied 

(CADDET, 1995, Rohdin and Th ollander, 2006). Th e reason 

for studying the fourth research question is the existence of the 

principal-agent relationship or moral hazard barrier leading to 

strict monitoring and control of the MD such as strict payoff  

criteria set by the board.

When presenting the results in this article, the questions 

were translated from Swedish to English. In accordance with 

Yin (1994) the questionnaire was reviewed by staff  at the Swed-

ish Forest Industry and the Swedish Energy Agency as well as 

by senior colleagues before being sent out. Th e questionnaire 

was submitted to 59 mills in autumn 2007 and was intended 

to be answered by energy managers or people in charge of en-

ergy issues. Th e response rate was 40 replies, or a 68 percent 

response frequency, which may be considered high compared 

to similar studies, e.g. Velthuijsen (1995) and de Groot (2001). 

Th e results were originally split into two groups, one consisting 

of mechanical mills and the other chemical mills. However, no 

major diff erences in results were found between the two groups 

and the results are therefore presented on an aggregated level. 

Industrial energy management
Research and experience have shown that industrial companies 

who take a strategic approach by adopting energy management 

practices may save up to 40 percent of their total energy use 

(CADDET, 1995). Successful industrial energy management 

demands a strategic approach and also full support from top 

management. Th e strategic approaches vary but do have some 

elements in common such as (CADDET, 1995):

An initial energy audit.• 

Senior management support.• 

Th e monitoring of energy use.• 

An energy policy.• 

Recognition that management is as important as technol-• 

ogy.

An ongoing and co-coordinated programme for energy sav-• 

ing projects.

Th e last should include:• 

A long-term energy saving scenario.• 

A factory-wide plan for the medium term.• 

A detailed plan for the fi rst year.• 

Actions to improve energy management, including the es-• 

tablishment of an energy monitoring system.

Figure 1. Average monthly electricity prices on NordPool for the period January 1996 to August 2008 (NordPool, 2008).
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One large part of the in-house energy management pro-

gramme should involve the motivation and training of staff . 

A successful energy management approach includes both the 

managerial techniques described above as well as technical 

measures (CADDET, 1995). It is of importance to remark that 

the goals in an industrial energy management system, are on 

a lower organizational level than a corporate energy strategy. 

While strategy is a plan that deals with how company lead-

ers try to establish direction for the organization and includes 

pre-determined courses of action and goals, industrial energy 

management could be one of many goals within such a strategy 

(Mintzberg, 1987).

Energy management in the Swedish pulp and 
paper industry
In the following section of this paper, the results from the ques-

tionnaire will be outlined and analysed. Initially, the result as 

regards priority of the energy issue is outlined, followed by a 

presentation of the results regarding the allocation of energy 

costs. Th en results regarding the existence and length of a long-

term energy strategy are presented, followed by results regard-

ing the industry’s pay-back periods. 

THE PRIORITY OF THE ENERGY ISSUE

Extensive energy price increases during the studied period, 

1996-2007, combined with increased environmental concern, 

e.g. increasing emissions of anthropogenic green house gases, 

have plausibly led to greater attention being paid to the energy 

issue in this industry. A number of public policy instruments, 

both on a European and on a Swedish level, have also aff ected 

the energy issue in the industry. Examples of such policy in-

struments on a European level are the EU ETS and the IPPC 

(Integrated Pollution Prevention and Control). Examples of 

policy instruments on a Swedish level are the Environmental 

Code and the PFE. Furthermore, since 1991 Swedish industries 

have been faced with a carbon tax of approximately 21 Euro/ton 

and in 2005 an electricity tax was introduced of approximately 

0.55 Euro/MWh (resulting in the above presented PFE).

All these changes has plausibly aff ected the Swedish pulp and 

paper industry’s priority of the energy issue. As shown in fi g-

ure 2, there has been an increase in the priority of the energy 

issue since 2000.

Th e fi gure refers to the mean average of the received answers 

from each period. Th e answers refer to the previous time pe-

riod.

THE ALLOCATION OF ENERGY COSTS

In many companies, and in particular those with multiple de-

partments and divisions, inadequate allocation of energy costs 

may lead to very slack energy management (Rohdin and Th ol-

lander, 2006). For example, if the energy cost is allocated per 

square metre, there is no incentive for a department or division 

manager to pay any attention to the issue as there is nothing 

for him or her to gain. Th e implementation of an energy ef-

fi ciency measure does not produce any additional benefi t for 

the single department. In other types of ownership where an-

other company is in charge of, or even owns, the company’s 

facilities, the allocation is again of utmost importance. If the 

energy costs at department or division level are not properly 

included in the rent, the likely outcome is that energy costs 

will be ignored. Th is is oft en defi ned as a split incentive and 

may be categorised as a market failure or organisational failure 

(Sorrell et al. 2000). A split incentive refers to when a person 

or department cannot gain benefi ts from an energy effi  ciency 

investment, probably leading to the implementation being of 

less interest (Jaff e and Stavins 1994). For the PPI this type of 

barrier would be assumed to be of less importance with thor-

ough sub-metering of boilers etc. at the mills. Nonetheless, the 

issue remains unexplored within the PPI and, based on previ-

Figure 2. Ranked results from the questionnaire regarding the priority of the energy issue at the studied mills.
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ous research regarding barriers, should be important to study. 

Figure 3 presents results of how the energy costs are allocated 

at the studied mills. 21 percent of eight of the studied mills do 

not allocate energy costs at all and at three and two mills energy 

costs are allocated per square meter and number of employees 

respectively. Sub-metering at plant level is a prerequisite for 

proper energy cost allocation. However, it is not installed at 

all manufacturing companies and even where it exists, it is not 

always used for energy cost allocation, with the result that oth-

er, less appropriate, means are used (Rohdin and Th ollander, 

2006). Th is would seem not to be the case at Swedish PPIs. As 

expected, the majority, 66 percent or 25 mills, allocate energy 

costs using sub-metering.

THE EXISTENCE AND LENGTH OF A LONG-TERM ENERGY STRATEGY

Previous research has shown that a long-term energy strategy 

is one of the crucial factors in successful energy management 

practices in industry; successful in terms of implemented ener-

gy effi  ciency measures, both technical and behavioural (CAD-

DET 1995, Th ollander, 2008). Th is has also proven to be the 

case in the Swedish pulp and paper industry where a previous 

study – directed at the energy managers at mills – stated that a 

long-term energy strategy was one of the most highly ranked 

factors promoting energy effi  ciency (Th ollander and Ottosson, 

2008). A long-term energy strategy is not the same as an EMS, 

which is adopted on a more operational level lower down in 

the organisation. Energy management should have top man-

agement support and adopting a long-term energy strategy is 

an important means of emphasising this (Th ollander, 2008). 

Figure 4 shows the existence/non-existence and the length of a 

long-term energy strategy among the studied industries. 

As shown in fi gure 4, 22 percent or eight of the studied mills 

lack a long-term energy strategy, and less than half of the stud-

ied mills have an energy strategy of at least fi ve years. Adopt-

ing an energy strategy of one year or three years and name it a 

“long-term” strategy could of course be questioned. Neverthe-

less, this could not be excluded in the questionnaire and the 

result thus shows that the majority of the mills either lack a 

strategy or have strategies, with regard to energy, of three years 

or less.

PAY-OFF CRITERIA

Several diff erent ways of calculating potential investments exist. 

One of the most common and straightforward methods is the 

pay-off  method. Even though this method does not include an 

interest rate it gives some indication of the studied companies’ 

investment criteria for energy effi  ciency investments. Th ese are 

outlined in fi gure 5.

As seen in fi gure 5, the majority of the mills apply pay-off  

criteria of 3 years or less for energy effi  ciency investments. It 

should be noted that it is oft en problematic to categorize dif-

ferent investments as energy effi  ciency investments and pro-

duction related investments as an investment are for instance 

in many cases related to both production effi  ciency and en-

ergy effi  ciency. Moreover, a discrepancy between operational 

and strategic measures should also be noted. While many of 

the energy effi  ciency investments related to the support proc-

esses, e.g. ventilation, space heating and lighting, have lower 

initial cost compared with heavily capital-intensive production 

processes, the support process measures may be taken on an 

operational level while many of the heavily capital-intensive 

production process related investments are more closely related 

to strategic activities. 

Conclusion
Already in 2000, before large energy price increases in the 

Swedish industry had occurred (Johansson et al., 2007), 

many Swedish PPIs faced energy costs well beyond 20 per-

cent and thus had large incentives to prioritize the energy is-

sue (SEA, 2000). Th e importance of the energy issue was also 

shown in fi gure 1 in this paper. As expected, the priority of 

Figure 3. Allocation of energy costs at the studied mills.
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the energy issue had increased during the past 10 years within 

the studied industry, and not least since 2000. However, even 

though this is the case, overall results from the questionnaire 

show that potential still exists to improve energy management 

in the studied industry. One such result is derived from the fact 

that one third of the studied mills do not allocate energy costs 

by means of sub-metering. Instead, other means like allocat-

ing per square metre etc are applied, most likely contributing 

to reinforce certain barriers to energy effi  ciency, for example 

split incentives. Another result is that 20 percent of the studied 

mills lack a long-term energy strategy, and less than half of the 

studied mills have an energy strategy of at least fi ve years. Th ese 

results are striking. Even in one of the most energy intensive 

industries in the world, energy management seems not to be a 

highly prioritised issue for a considerable part of the industrial 

population. Notably, the Swedish EMS standard lacks such a 

component in its design (SEA, 2009) indicating the need for 

further studies regarding a plausible inclusion. Th is fact should 

Figure 5. Pay-off criteria applied at the studied mills.

Figure 4. The existence and length of a long-term energy strategy at the studied mills.
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be of utmost importance both for the industry organisation as 

well as for policy makers designing future energy policies for 

the industry.

As regards the studied mill’s pay-off  criteria, the majority of 

the mills applying periods of 3 years, from which the conclu-

sion may be drawn that the principal-agent relationship barrier 

leading to strict monitoring and control of the implementation 

of energy effi  ciency measures seems to be of less importance in 

the studied industry. 

LTAs (Long-Term Agreements) in various forms have been 

stated to be a very promising policy approach (Bertoldi, 2001). 

Th e Swedish LTA, called PFE, involves some 100 companies 

(Ottosson and Peterson 2007), including the majority of the 

Swedish pulp and paper industries. In fact, the industry repre-

sents about 70 percent of the energy use among the companies 

involved in the PFE. However, the Swedish LTA only concerns 

electricity and the majority of the savings in the Swedish pulp 

and paper industry lie in areas other than electricity, mainly re-

lated to heat savings. Based on this, a restructuring of the Swed-

ish PFE programme to involve other energy carriers and also 

provide tax exemptions on these energy carriers is suggested. It 

is also suggested that PFE include a mandatory requirement to 

formulate a long-term energy strategy. Th e acceptance of such 

would most likely be high as previous research has found that 

the existence of a long-term energy strategy was the third high-

ranked factor promoting energy effi  ciency investments (Th ol-

lander and Ottosson 2008). Moreover, the Swedish PFE was 

considered the sixth1 largest driving force for energy effi  ciency 

in the Swedish pulp and paper industry among the 23 studied 

driving forces (Th ollander and Ottosson 2008). In conclusion, 

based on the research results presented in this paper, a diff erent 

energy policy design for the industry seems to be needed in 

order to promote energy management activities even further. 

LTAs and EMSs are very fruitful approaches to increased en-

ergy effi  ciency in industry but results from this study neverthe-

less indicate further improvement potential in the formulation 

of these instruments, such as increased promotion of energy 

management practices and the inclusion of other energy carri-

ers in addition to electricity. 
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