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Abstract
 

The overall purpose of this thesis is to investigate market developments and policy issues that 
influence the environmental performance of the industry sector. The analysis concentrates 
mainly on the industry’s input use in the form of energy and forest raw materials. The thesis 
consists of an introductory part, and five self-contained papers. Paper I addresses important
market signals and firm specific management practices that may explain differences in
observed energy intensities across industrial firms. The paper combines interview statistics 
with secondary data on energy prices, output etc., that are used in a simple econometric
model in which the energy intensities of 89 process firms over the time period 2004-2010
are analyzed. The descriptive results show a significant increase in firm and top management
energy efficiency awareness. The respondents stress that increased awareness is due to rising
energy costs. In line with this, the model estimations show that awareness will not have an
effect on firm’s energy intensity. Instead, rising energy prices will significantly reduce the
energy intensity. Paper II addresses the role of voluntary energy efficiency programs in the 
industrial sector. We expand on earlier work by explicitly considering the self-selection 
mechanism in these programs as well as the role of different management and decision-
making practices for understanding program outcomes. The results show that the probability 
for choosing to participate in PFE as well as the level of self-reported energy savings for those 
who participate tend to increase with increased electricity intensity and electricity use. Differ-
ent management practices also affect the probability of participation; firms in which the ener-
gy manager has fewer responsibilities and works closer to the CEO have been more likely to 
participate in the program. The above suggests that PFE may primarily have attracted firms 
that already have had plenty of experience with energy efficiency issues. Increasing the use of 
renewable energy is of principal EU energy policy concern. In this respect, investigating Eu-
ropean trade in forest raw materials is important for understanding how industry sectors in the 
EU will be affected by these policies. Papers III and IV therefore, quantify and analyze pos-
sible trade patterns in forest raw materials in the presence of EU energy policy. Specifically,
in Paper III the White Paper and the RES-E Directive are analyzed whilst the RES2020 Di-
rective is of focus in Paper IV. The analysis builds on developing and employing a partial 
equilibrium model of trade in selected forest raw materials in Europe. In Papers III and Paper 
IV, the results suggest that the policy implementations will increase the trade in forest raw 
materials by up to 67 and 110 percent, respectively. Since the national goals in the RES2020 
Directive are mandatory in contrast to the indicative recommendations stated in previous EU 
energy policies on renewables, Paper IV concludes that more ambitious goals will inevitably 
affect the input competing industries. Finally, Paper V provides a critical survey of previous 
econometric analyzes of supply and demand elasticities in wastepaper markets. A key finding 
is that the own-price elasticity of wastepaper supply is overall low (around 0.20-0.30). This 
adds to our understanding of the price volatility in wastepaper markets, and carries important 
implications for the impacts of – and the efficient choice between – price- and quantity-based 
waste management policies. 
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Preface
 

1. Introduction
Due to human interference with the climate system, the concentration of greenhouse gases in 

the atmosphere is constantly increasing. Hence, reducing the climate impact is a global envi-

ronmental target that demands international cooperation. The burning of fossil fuels (e.g. oil, 

coal, and natural gas) is the largest contributor to the increase in greenhouse gas emissions. 

These fuels are used to produce, for instance, electricity and heat. In Sweden, a relatively 

large share of the generated energy is used by the energy-intensive process industry (e.g., pulp 

and paper, iron and steel etc.) (Swedish Energy Agency, 2012a). Therefore, there is an ongo-

ing debate on how to reduce industrial energy use. However, since the industry sector may 

contribute significantly to GDP, sustaining its competitiveness has also constituted an im-

portant goal (and challenge) introducing difficult trade-offs in implementing strict environ-

mental policies.

The research topic covered in this thesis is divided into two sub-related parts. Together,

they concern, in different ways, the work within and outside firms that increases its economic 

and environmental sustainability. In order for the industry to become “greener” different poli-

cies and targets have been implemented each striving to create the right incentives for envi-

ronmental adaptation. Still, the economic efficiency and importance of many of these policies 

are debated. Often, there is disagreement about which policies to use, and in which combina-

tions. Determining the right policy mix is a complicated task – not the least since different 

disciplines address diverse problems from different (theoretical) standpoints. Apart from that, 

one policy might strengthen the effects of another policy whilst at the same time, weaken the

effects of others. Still, the main purpose of this thesis is not to evaluate the optimality of dif-

ferent policies or policy-mixes. Instead, most of the analyzes will take place in a context were 

these policies are “given”. In order words, we will mostly analyze the greening of the industry 

in a framework were these policies prevail. The overall purpose of this thesis is to evaluate the 

impacts of given policies.

Using energy more efficiently and using renewable sources of energy are two means –

deemed as effective in reducing greenhouse gas emissions. This does not necessarily mean 

that energy efficiency and renewability have to be formulated as targets in themselves; instead 

they can be regarded as tools used when climate targets are to be fulfilled. However, EU and 



2 

 

national policies have formulated specific energy efficiency and renewable goals, in part also 

due to concerns about security of supply. Conditional on these policies the first sub-topic (Pa-

pers I and II) therefore focuses on industrial energy use, whilst the second sub-topic (Papers 

III to V) centers on the industry’s use of forest raw (i.e., renewable) materials.

If the industry is to reduce its energy intensity and if this contribution is to be signifi-

cant, we need to thoroughly understand what forms the basis for the industry´s energy effi-

ciency decisions. Paper I therefore addresses some important market signals and firm specific 

management practices that may explain differences in observed energy intensities across in-

dustrial firms. This is done by collecting data through telephone interviews with a total of 101 

industrial process firms in Sweden and by combining this information with secondary data in 

an industry specific effects model. Paper II investigates closely one policy instrument target-

ing the energy intensive Swedish industry; the Program for improving energy efficiency 

(PFE). This program was introduced in the year 2004 and gives firms an opportunity of a de-

creased tax on electricity consumption if they undertake certain actions to improve their ener-

gy efficiency (e.g., Henriksson and Söderholm, 2009; Johansson et al., 2007; Stenqvist and 

Nilsson, 2012). The purpose of Paper II is firstly to identify factors that explain why firms 

decide to participate in the Program for improving energy efficiency and secondly to investi-

gate variables affecting the level of program related energy savings. For this reason we com-

bine interview statistics (see Paper I above) with secondary data in a two-step econometric 

selection model. 

The use of renewable energy sources in general and forest-based biomass in particular, 

is seen as part of a long term sustainable solution to greenhouse gas mitigation. For this rea-

son, national as well as EU energy policies have emerged supporting the use of biofuels, in-

cluding forest fuels, throughout Europe. In this respect, the demand for forest raw materials

has increased, and imports have become an alternative supply source for different users. 

Hence, today it is not only different process industries such as the pulp and paper sector that 

demand forest raw materials as inputs in their production; instead the energy sector is now 

increasingly using these inputs as well. However, the potential “excess demand problems” is 

solved by the market mechanism, and is hence not a problem in itself. Instead, the problem is 

that the market situation is “policy-induced” – and hence that we therefore need to thoroughly 

understand the consequences thereof. The future development of European trade in forest raw 

materials may improve the possibility to reach EU energy policy goals cost effectively. Papers
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III and IV therefore present results based on a partial general equilibrium model of European 

trade in forest raw materials when implementing EU policies. Paper III comprehends the 

White Paper on renewable sources of energy (e.g., European Commission, 1997) and the 

RES-E Directive (2001/77/EC)1, while paper IV grasps the more recently implemented 

RES2020 Directive (2009/28/EC)2.

Complementary to this analysis, in Paper V we investigate a second type of forest raw 

material; wastepaper. Specifically, Paper V focuses on the conservation of virgin fiber in the 

pulp and paper industry (through reuse of wastepaper) and it is a synthesis of studies covering 

the wastepaper market and as such, the characteristics of demand and supply wastepaper be-

havior. In the same respect as when e.g. analyzing energy use, we need to thoroughly under-

stand the functioning of the wastepaper market if the process industry is to get greener by ex-

tending its reuse of inputs. The paper discusses some policy implications from the review of 

supply and demand behavior. 

The next section describes the empirical focus of the thesis, and section 3 briefly dis-

cusses the data gathering conducted to perform the separate analyzes while section 4 com-

ments on some methodological issues. All five papers are summarized in section 5 whilst sec-

tion 6 ends the preface by providing some broad conclusions.

2. Empirical Focus 

This thesis targets different aspects of the process industry, often using Sweden as a case. In 

the first part of the thesis (Papers I and II) the focus is on the energy intense process industry 

thus including the following sectors: mining, food, sawn wood products, pulp, paper and pa-

perboard, basic chemicals and plastics, iron, steel, foundries and firms producing non-ferrous 

metals.3 Figure 1 helps clarify why these sectors are selected. This figure shows that a few 

industry sectors in Sweden use most (around 75 percent) of total industrial energy use.4 Ap-

proximately 50 percent of this is used by the pulp and paper industry, which mostly employ 

electricity and black liquor (Swedish Energy Agency, 2012a). The electricity is primarily 

needed in the grinding process when producing pulp from wood. Black liquor is a byproduct 

in the production of sulfate pulp. In the production of this chemical pulp, black liquor is used 
                                                           
1The White Paper concerned an increased generation of forest fuel based energy. In contrast, the RES-E Di-
rective focused solely on the forest fuel based electricity generation. 
2 Endorses a mandatory target of 20 percent share of energy from renewable sources in overall Community ener-
gy consumption by the year 2020.
3 Corresponding to the following industry branch codes: SNI 07; 10; 16; 17; 20 and 24, respectively.
4 Total industrial energy use amounted to 149 TWh in the year 2010 (Swedish Energy Agency, 2012b).
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and thereafter reused as fuel in the soda recovery boilers in the sulphate plants (Swedish En-

ergy Agency, 2011).

Figure 1: Industrial Energy Use by Sector (TWh), 1990-2010

Sources: SEA (2012a, 2012b).

The iron and steel industry’s share of total industrial energy use is 14 percent. This sec-

tor uses many coal, coke and electricity. Electricity is used in the melting processes in steel 

scrap plants whilst coal and coke are applied in the reduction process in the blast furnace. The 

chemical industry has a share of 7 percent of the total (Swedish Energy Agency, 2012b). The 

energy intense part of the chemical industry consists of the sectors producing basic chemicals. 

Basic chemicals comprise, for example, gases for industrial use, colorings, and other organic 

and inorganic basic chemicals, fertilizers, basic rubber and basic plastics. These are produced 

using electricity in either electrolysis processes5 (some inorganic basic chemicals) or in petro-

chemical processes (some organic basic chemicals and basic plastics). The mechanical engi-

neering industry accounts for 7 percent of total industry use, but it is not regarded as energy 

intense (Swedish Energy Agency, 2012a). I Figure 1, the last category (labeled “Other”) rep-

resents the remaining industry sectors (such as “food”). This category makes up 20 percent of 

total industrial energy use (Ibid.). Although the industries in this category are often not re-

garded as energy-intensive, separate firms within the sector might still be. As such, several 

firms in the food sector are energy-intensive. 

                                                           
5 Electrolysis involves the creation of a chemical reaction by the use of electricity.
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Within this framework of industry sectors, Paper I studies firms’ energy management 

practices in these segments and the effect of these on the firm´s energy intensity whilst Paper 

II studies the program for improving energy efficiency (PFE). Economizing on energy use by 

improving energy efficiency may contribute to environmental sustainability and in this respect 

policy instruments, such as the PFE program, were initially launched as a way to cost-

effectively reduce greenhouse gas emissions. Rankin et al. (2011) stress that firms that used 

formal reporting guidelines, such as a certified energy management system (required by the 

program) provide a greater level of credible carbon emissions information. Nevertheless, the 

primary goal of PFE is to improve industrial energy efficiency. 

In Figure 2, some empirical results from the first program period are presented. The first 

column in Figure 2 presents the share of electricity efficiency improvements made per indus-

try sector within PFE. The majority (63 percent) of improvements were achieved in the pulp 

and paper industry. However, as was stated above, this is also the industry sector that uses the 

most electricity in Sweden. Most improvements were carried out in various auxiliary systems 

such as pump systems, electric motors, fan systems, lighting etc. However, as Figure 2 (col-

umn 3) shows, the measures implemented in the production process often generated relatively 

greater electricity savings than the measures conducted in auxiliary systems. 25 percent of the 

measures were implemented in the production process, but at the same time, these contributed 

with 50 percent of the total savings.

Figure 2: Self-reported Savings from the First PFE Period
Column 1; Share of Electricity Saved - by Sector. Column 2; Share of Improvements - by Category. 

Column 3; Share of Total Electricity Saved - by Category
Source: Swedish Energy Agency (2011).
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In the second part of the thesis (Papers III to V), the main focus is on a selected part of 

the process industry; the pulp and paper sector. In papers III and IV the use of logging resi-

dues6 and industrial by-products7 is emphasized, whilst Paper V centers on wastepaper (ver-

sus pulpwood) in the production of paper products. These categories of forest raw materials of 

empirical focus in these papers are circled in Figure 3 below.8 Together they belong to the 

aggregate category labeled “biofuels”, which constitute fuels that originate from biological 

material. Forest fuel is a sub-category of fuels from wood. Woodfuel includes all biofuels 

with trees or parts of trees as raw materials that have not gone through any chemical process.

Hence, forest fuels are used as inputs in industries, such as pulp mills, as well as in the energy 

sector. When used to produce, for instance, pulp the input should not be referred to as a fuel 

but instead as a material. Therefore, the term forest raw material, although demanded by both 

the energy and the forest industries, may be used for simplicity.

Figure 3: Categories of Biofuels: Forest Raw Materials of Empirical Focus Circled in Bold.
Source: Own Construction based on Swedish Standards Institute, SS 18 71 06.

EU and Swedish energy policies have stimulated the use of forest raw materials in energy 

generation. For this reason, forest raw materials are either used in the production of goods 

(i.e., as input materials) or for energy generation. Hence, the policies have changed the market 

                                                           
6 Logging residues are e.g. stumps and branches and small trees remaining after felling when the roundwood has 
been collected. They can be collected during the felling procedure as well during thinning procedures (SLU, 
1999).  
7 Industrial by-products are residues from the production of sawn wood products and include different types of 
wood chips, sawdust and bark (Lundmark and Söderholm, 2004).
8 There is a lack of a common EU set of terminology and a standard classification of the different types of forest 
fuel. In some countries, branches, stumps etc. are not always labelled logging residues, e.g., they may simply be 
labelled wood. Furthermore, branches, stumps etc. may be sorted together with sawdust and chips, which is a 
different classification than the one done in Figure 3.

Recycled paper

Woodfuels

Other

Biofuels
Recycled wood

Forest fuels

Logging residues: 
branches, lumps etc.

Industrial by-
products: sawdust, 
bark, chips etc.

Roundwood: saw-
logs and pulpwood

Fuel from reeds

Other
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conditions, and may, for example, create problems to secure the needed inputs at a low cost.

In addition, one has to take into account that, besides contributing to the “reduction of climate 

impact”; Swedish environmental law requires that the policies assure that the “natural func-

tions and processes of forest ecosystems are maintained,” (Swedish Environmental Protection 

Agency, 2012). This is because “sustainable forests” is also, besides “reduced climate im-

pact”, an environmental goal. In order to thoroughly understand the impacts of these policies, 

the energy sector’s use of forest raw materials cannot be left out of the analysis. Figure 4

briefly outlines the market sectors and their connection (Ericsson and Nilsson, 2004; 

Lundmark and Söderholm, 2004). The bold lines indicate the industry actors and the forest 

raw material flows of focus in Papers III and IV.
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Figure 4: Industry Actors and Forest Fuel Flows of Focus in Papers III and IV

 
In the making of sawn wood products, by-products such as sawdust and wood chips are 

generated. These by-products are either exported or sold to the domestic pulp industry, the 

woodboard industry or the energy sector. The quantities of forest raw materials generated 

from pulpwood and sawlogs delivered to the energy sector are drawn with broken lines in 

Figure 4. This indicates that only modest amounts of roundwood are currently used for energy 

generation. The use of roundwood is therefore neglected in Papers III and IV. Instead, it is 

assumed that the energy sector uses logging residues and by-products as inputs in their pro-

duction while roundwood is demanded solely by the saw and pulp mills. All inputs can be 
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either imported or domestically supplied. Moreover, some of the forest raw materials pro-

duced by the domestic sectors might be exported.

Finally, Paper V also centers on the pulp and paper industry but with a shift in focus. In 

Paper V this sector’s use of virgin fiber versus wastepaper is highlighted. Specifically, Paper 

V studies the demand and supply behavior in the wastepaper market in general, and the own-

price and cross-price elasticities in particular. The paper can, by providing a critical survey of 

previous econometric analyses of supply and demand elasticities in the wastepaper markets, 

generate implications for policy as well as identify significant gaps in the economics literature 

on wastepaper markets. For instance, many empirical studies suggest that the wastepaper de-

mand and supply curves are steep, thus indicating that both the demand and supply curves are 

very inelastic with respect to their own price. This would suggest that incentive-based waste 

management policies may only have limited impacts on the use of wastepaper.

3. Data Gathering and Compilation
Since a lot of effort has been made throughout the thesis to collect and compile different data 

sets, this section comments on these efforts. 

3.1 Firm Interview Data

In Papers I and II interview statistics were collected relying, similar to e.g. Sorrell et al. 

(2004), a combination of theoretical notions from neoclassical and behavioral economics. 

While the neoclassical literature assumes perfectly rational firms, the behavioral economics 

literature also pays attention to the potential bounded rationality of firms. Hence, the inter-

view guide derived and used in Papers I and II addresses different types of distortions in the 

energy service markets (i.e., market failures) as well as decision-making practices within en-

ergy-using organizations (i.e. organizational failures). This includes, for instance, the ex-

tent to which energy efficiency issues are communicated within the organization, the pri-

ority given to energy efficiency by the top management, path-dependent decision-making,

and the presence of (and weight given) to the so-called “hidden costs” of energy efficiency

measures. Moreover, unlike many previous behavioral qualitative studies (e.g., Thollander 

and Ottosson, 2008), a similar combined qualitative/quantitative approach as in Martin et al. 

(2010, 2012) (see also Bloom and van Reenen, 2006) is applied. Hence, in Papers I and II we 

combine interview data with secondary industry data, permitting explicit quantitative tests to 

provide answers to the research questions. When collecting the interview data, the sample

was restricted to firms belonging to six broad industry sectors and we only incorporated firms 
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having no less than 200 employees. 101 firms, out of a total of 151, were willing to partici-

pate in the telephone interviews. This represents a response rate of 67 percent. 

The interview questions were carefully chosen in order to answer the research questions

presented at the beginning of Papers I and II.9 The questions were loosely structured and open

not meant to simply be answered “yes” or “no”. Following Martin et al. (2010, 2012) – and as 

suggested by Bewley (2002) – the interviewer started by asking an open question about an 

issue and then followed up with more specific questions and/or asked for some examples of 

the issues addressed. This differs from many other survey-based studies since the task of scor-

ing responses (on a five point scale) was allocated to the interviewer. The interviewer was in 

particular gauging the extent to which the firms’ practices relevant to energy use are formal-

ized and far-reaching. Below we illustrate in more detail (i.e., give one example of) a question

posed in the interviews.

One of the topics considered in the interview guide concerned firm awareness of energy 

efficiency (EE) issues. In this respect the respondent was asked the following question; “How 

is the importance of energy efficiency communicated within the firm as a whole?” This ques-

tion was followed up by letting the respondent provide specific examples. Based on the dis-

cussion, the interviewer assessed and scored the answers according to pre-specified criterions. 

For instance, in the case of firm awareness the scoring was conducted based on the following:

Score 1: the importance of energy efficiency is not communicated.
Score 2: The firm relies solely on informal contacts to communicate the importance of
energy efficiency.
Score 3: The firm arranges occasional training in energy efficiency to staff members.
Score 4: The firm arranges regular training in energy efficiency to staff members.
Score 5: The importance of energy efficiency is communicated heavily throughout
the firm – it is part of the company culture.

This scoring process was then repeated focusing on the situation in the firm about 8-10

years, i.e., specifically the situation in 2004 but no longer back than 2001.

3.2 Data on Forest Raw Materials

Besides outlining a new model of forest raw material trade, substantial efforts were made in 

Papers III and IV to collect and compile European statistics on forest raw materials from a 

substantial number of sources as well as estimating values when the appropriate data were 

                                                           
9 An English and Swedish version of the interview guide is provided in the Appendix at the end of the thesis.
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missing. Traditionally, by-products and logging residues have been used in the same geo-

graphical region as they were produced. In Sweden, logging residues from fellings´ and by-

products from sawmills were the major biofuel sources during the 1980s and the 1990s, and a 

vital factor for the rapid growth of Swedish bioenergy use during these years. Today, with an 

increasing demand for these inputs, imported by-products and logging residues have become 

an alternative supply source for many users (Eubionet2, 2006). The regional markets have 

started to transform towards international ones, primarily in Northern Europe due to the de-

velopment of large-scale use of forest raw materials in district heating. Nonetheless, in many 

European countries the customs statistics do not record trade in such a detail that the interna-

tional exchange of different forest raw materials can be properly identified. This is often the 

case for logging residues. Nor have any research study comprehensively estimated the total 

volume of logging residues currently being traded throughout Europe. 

Alakangas and Vesterinen (2001) surveyed forest raw material prices, the forest raw 

material consumption, and the forest raw material trade in 20 European countries for the year 

1999. They created a questionnaire to get the information from different countries in compa-

rable form. As in other studies investigating forest raw material issues, problems with data 

gathering arose. The main data problem concerned the dispersed data sources; the authorities 

receiving the questionnaire reported that the information was not directly available, but had to 

be collected from the different actors in the energy sector and forest industry. The willingness 

of these actors to answer the questions varied something which possibly affected the reliabil-

ity of the results. However, since European statistics on forest raw materials generally are 

poor, the data gathering done in Alakangas and Vesterinen (2001) (see also Alakangas et al., 

2002) has been important for the purpose of this thesis (although complemented and updated 

with other research studies as well). In addition, a lot of own estimations had to be done. For 

instance, data on the production of logging residues were not available but instead they were

estimated in the following manner.10 Consider a tree with a volume of 1 m3. 0.281 m3 of this 

amount will typically be logging residues and 0.719 m3 will be roundwood (Lundmark and 

Söderholm, 2004). In other words, the logging residues amount to 39 percent (0.281/0.719) of 

the roundwood quantity. Thus, producing a cubic meter of roundwood implies that about 0.39 

m3 of logging residues is produced as well. Nonetheless, some of it is left in the forest due to 

environmental reasons (provides nutrition to the ground), and some is simply left due to eco-

                                                           
10 Some countries have statistics on the estimated potential availability of logging residues (see, for example, 
Eubionet2, 2006). However, this information says little about the actual market availability.
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nomic reasons (i.e., it is simply not profitable to gather and transport all the residuals). In Pa-

pers III and IV, it is assumed that half of the total (or 19.5 percent of the roundwood volume) 

could be collected and sold. 

Finally, Paper V, being a synthesis of previous econometric studies, compiles findings 

on supply and demand elasticities in wastepaper markets by summarizing the scope, method-

ology and the data used by 21 previous studies. Hence, paper V does not gather its own data, 

but instead compiles on the existing ones. Such a survey is however important, not the least

since it provides an illustration of the use and consequences of applying disaggregated versus 

aggregated statistics. The compilation of data sets is presented in the third column of Table 1 

and Table 2 in Paper V. 

4. Methodological Focus
The data collected through the interviews permit us, in Papers I and II, to display important 

differences in management and decision-making practices relating to energy efficiency across 

firms and over time. In addition, we take the analysis further and combine the interview data 

with secondary firm-specific data from Statistics Sweden´s industrial statistics. In Paper I we 

specify a simple econometric model in which the firm’s energy intensity, i.e., the energy use 

divided by firm output, is explained by energy prices, output values, other input (material and 

labor) use, and different management practices. For this purpose we apply an unbalanced pan-

el data set covering 89 firms11 in six Swedish industry sectors over the time period 2004-

2010. Moreover, in an alternative version of the econometric model (Model II) we also test 

the hypothesis that a given increase in firm awareness about energy efficiency will have a 

more profound impact on reduced energy use the shorter is the organizational distance be-

tween the energy manager and the top management. Following Baltagi (2008) we apply the 

Breusch and Pagan´s LM (Lagrange Multiplier) statistic test when deciding if using the OLS 

versus the industry-specific effects or random effect models, respectively. We could reject the 

null hypothesis of no industry-specific effects and instead conclude that the industry-specific

effects are statistically significant. Hence, we estimate the econometric models in Paper I us-

ing an industry specific effects method and the LIMDEP software. In this way we control for 

the potential unmeasured differences between industries that can be assumed to be fixed over 

time (e.g., basic technology, policy instruments etc.). 

                                                           
11 Due to lack of data in the industrial statistics, 12 firms had to be removed from the original sample. 
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In Paper II we estimated an econometric selection model. The objective of this econo-

metric analysis is to shed light on the inter-firm differences in energy savings following PFE 

in the presence of the selection mechanism inherent in the program. Ensuing Heckman (1976, 

1979) and Greene (2012), we know that estimating an energy savings equation by OLS on a 

non-random sample will result in selection bias. Sample selection bias arises when some part 

of the participation decision is relevant to the savings-determining process, i.e., when some of 

the determinants of the participation decision are also affecting electricity savings. When the 

relationship between the participation decision and the savings is purely through the observa-

bles, we can however control for this by including the appropriate conditioning variables in 

the electricity savings equation. Instead the primary selection problem arises because these 

firms may differ in significant unmeasured ways from the firms that do not attend the pro-

gram. So for that reason, we estimate a Heckman selection (two-step) model by maximum 

likelihood methods using the data software STATA.

Few previous models have thoroughly outlined the sectors affected by climate and ener-

gy policies. Existing international trade models do not outline the sectors and the demand for 

forest raw materials in detail but instead use aggregate data which makes it hard to analyze

issues such as the policy effects on input competing industries. Hence, since there are few 

existing models suitable for modeling the trade in forest raw materials, a new model of Euro-

pean trade in forest raw materials was developed. The model developed and used in Papers III 

and IV is based on a static, partial general equilibrium framework, which can be used to simu-

late the trade in different forest raw materials given the full implementation of different EU 

policies. The availability of country and industry data covering forest raw materials is general-

ly poor. Therefore the model is a so-called calibrated model implemented using GAMS,

which is a high-level modeling system for mathematical programming and optimization. In a 

calibrated model only a few observations are needed in order to estimate the model parame-

ters. The model focuses on forest raw materials in general and the demand for forest raw ma-

terial in particular. For this reason the model building work proceeded in two steps: firstly, the 

production costs (forest raw material based energy as well as pulp) were modeled. Secondly, 

the demand for the two input factors used when producing this output was derived. It is as-

sumed that the industry sectors in one country first and foremost, will use the domestic input 

supply in order to satisfy the input demand. The difference between the domestic quantity 

supplied and the domestic input demand indicate a country’s net import level. 
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Figure 5 briefly outlines the focus in the thesis and the connections between its different 

parts. The bold text indicates the actors of primary focus in the thesis. Since our main concern 

is the process industry, the energy sector is not marked in bold. Some lines are doubled-

arrowed. This illustrates the interrelations between the sectors. For example, the energy sector 

delivers energy to the process industry, whilst the process industry, at the same time, supplies 

the energy sector with waste energy, industrial by-products and so on. 

 

Figure 5: Focus: A Greening Process Industry

As is explained in Papers III and IV, some of the forest raw materials produced by the 

domestic sectors might be exported. This is illustrated by the “trade box” in Figure 5. Howev-

er, papers III and IV exclude trade in forest raw material with countries from outside the EU. 

This is in line with, for instance, the RES-E Directive (see also European Commission, 2006), 

which stresses the importance of a highly developed internal EU market for renewables and a 

lesser dependence on energy imports from outside the EU as a way of securing energy supply. 

5. Summary of Papers

Paper I: Why Are Some Firms More Energy Intense than Others? Management Practic-

es and Energy Prices in Swedish Process Industries (with Patrik Söderholm).



14 

 

This paper addresses the role of price signals and firm-specific management practices in ex-

plaining differences in observed energy intensities across industrial firms. Specifically, the 

objectives of the paper are to: (a) derive and discuss indicators of Swedish industrial firms’ 

decision-making and management practices on energy use; and (b) investigate whether these 

practices can help explain variations in energy intensities across these firms. The data were 

collected through telephone interviews with a total of 101 industrial process firms. In a second 

step we combined the responses from the interviews with secondary data on energy prices, 

output etc., and specified an econometric model in which the energy intensities of 89 firms 

over the time period 2004-2010 were analyzed. The descriptive results show a significant in-

crease in the firms’ awareness of energy efficiency issues during this period, including the 

attention devoted to these at the top management level. The respondents stressed that this can 

largely be attributed to rising energy costs, which in turn have led to more elaborate decision-

making processes in terms of energy efficiency. The econometric results show that differences 

in energy prices constitute an important determinant of inter-firm differences in energy inten-

sities while firm awareness does not. Finally, the model results indicate that the presence of –

and the attention devoted to – so-called ‘hidden’ costs will result in the rejection of energy 

efficiency investments. Thus, firms for which these types of costs are a large concern will 

(ceteris paribus) be more energy intense than others. 

Paper II: Voluntary Agreements for Industrial Energy Use: Self-selection and Electricity 

Savings in the Swedish PFE Program (with Patrik Söderholm).

This paper addresses the role of voluntary energy efficiency programs in the industrial sector. 

We expand on earlier work by explicitly considering the self-selection mechanism in these 

programs as well as the role of different management and decision-making practices for un-

derstanding program outcomes. The empirical investigation focuses on the Swedish program 

PFE aiming at achieving electricity savings in the energy-intensive industry. Specifically, the 

purposes of the paper are to: (a) derive and discuss differences in management and decision-

making practices across participating and non-participating PFE-eligible firms; and (b) inves-

tigate whether these practices and other factors can help explain the program’s outcomes at

the firm level. The results show that the probability for choosing to participate in PFE as well 

as the level of self-reported energy savings for those who participate tend to increase with 

increased electricity intensity and electricity use. Different management practices also affect 

the probability of participation; firms in which the energy manager has fewer responsibilities 
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and works closer to the CEO have been more likely to participate in the program. The above 

suggests that PFE may primarily have attracted firms that already have had plenty of experi-

ence with energy efficiency issues. Finally, the results also show that the presence of bounded 

rationality and so-called hidden costs (e.g., due to production disruptions) will imply lower 

self-reported electricity savings. 

Paper III: European Trade of Forest Products in the Presence of EU Policy, Journal of 

Cleaner Production, vol. 17; S18-S26 (with Robert Lundmark).

Increasing the share of renewable energy is of principal concern for the EU energy policy. A 

number of policies have been adopted, and, in part, been implemented by the EU member 

countries. An increasing share of renewable energy implies an increasing utilisation of biofu-

els in general and of forest-based biomass in particular. However, in the EU, the endowment 

and uses of forest-based biomass are diverse suggesting that an increasing trade would be-

come necessary in order to cost effectively increase the utilisation of forest-based biomass. 

The purpose of this study is to, in the presence of EU energy policy, quantify and analyse pos-

sible trade levels for forest fuels in the EU. Particularly, the consequences on trade after im-

plementing the White Paper and the RES-E Directive are analysed Investigating the European 

trade in forest fuels is important for understanding how industry sectors in the EU will be af-

fected by the policies. The results suggest that the implementation of the White Paper and the 

RES-E Directive will increase the trade in forest fuels, resulting in total trade increases of up 

to 67 percent. Furthermore, the national net trading levels are possible to derive. Depending 

on policy implementation the results differ – a country that was net importing given the White 

Paper implementation can instead be net exporting when applying the RES-E Directive. The 

fact that the policy implementations will increase the trade may mitigate potential industry 

problems to secure the needed inputs. On the other hand, the integration of countries increases 

the possibility for some industries to increase their production even more, possibly strengthen-

ing any input scarcity problems. It is therefore not possible to generally conclude if a more 

integrated European forest fuel  market, and hence an increased European forest fuel trade, 

will mitigate industry problems to secure their needed inputs or not.

Paper IV: Changes in European Forest Raw Material Trade: Consequences of Imple-

menting the RES2020 Directive, Biomass and Bioenergy, vol. 37; 150-160.

The purpose of this paper is to assess possible changes in the European trade patterns of forest 

raw material arising from the implementation of the RES2020 Directive. The analysis is done 
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by developing a partial general equilibrium model of the European trade in forest raw materi-

als. The results suggest that the ambitious EU energy policy goal, stimulating the use of forest 

raw materials, will boost its trade. In the RES2020 scenario the total trade in by-products will 

increase with 61 percent - from 38 million to 61 million cubic metres solid volume compared 

to the baseline scenario. For logging residues the amount increases from 50 million to 104 

million cubic metres solid volume – or by 110 percent in the RES2020 scenario compared to 

the baseline.  Since the national goals in the RES2020 Directive are mandatory in contrast to 

the indicative recommendations stated in previous EU energy policies on renewables this 

study concludes that a more ambitious goal will inevitably affect the input competing indus-

tries. This stresses the need to thoroughly account for different aspects when evaluating the 

consequences of different policies. 

Paper V: The Economics of Wastepaper Markets: A Survey of Supply and Demand 

Elasticities (with Robert Lundmark and Patrik Söderholm). Submitted to For-

est Policy and Economics

The objectives of this paper are to: (a) provide a critical survey of previous econometric ana-

lyzes of supply and demand elasticities in wastepaper markets; and (b) discuss a number of 

implications of the results from these. Specifically, the survey points towards some important 

policy lessons, and it identifies gaps in the economic literature on wastepaper markets. The 

analysis builds on the scope, methodology and data used by 21 previous studies, which all 

estimate the own-price elasticities of wastepaper demand and/or supply. A key finding is that 

the own-price elasticity of wastepaper supply is overall low (around 0.20-0.30). This adds to 

our understanding of the price volatility in wastepaper markets, and carries important implica-

tions for the impacts of – and the efficient choice between – price- and quantity-based waste 

management policies. Finally, future research should devote increased attention to different 

non-environmental market imperfections (e.g., market power, information asymmetries) that 

could discourage the efficient uptake of recycled materials in the market place. 

6. General Findings and Some Directions for Future Research

The research topics covered in this thesis are divided into two inter-related parts. Together, 

they focus in different ways on the greening of the industrial sector. The descriptive results 

from the study of why some firms are more energy intensive than others (Paper I) show a sig-

nificant increase in firm and top management energy efficiency awareness over the most re-
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cent ten-year time period. The respondents stress that the increased awareness is due to rising 

energy costs. In line with this, the model estimations show that awareness will not have an 

effect on the level of energy intensity within a firm. Instead, rising energy prices will signifi-

cantly reduce the energy intensity. Moreover, the model results confirm that the presence of 

“hidden costs” may result in the rejection of energy efficiency measures, and in firms for 

which these types of costs are a large concern this will significantly increase their energy in-

tensity. 

When expanding on earlier work by explicitly considering the self-selection mechanism 

associated with voluntary programs as well as the role of different management and decision-

making practices for understanding program outcomes (in Paper II) the results show that the 

probability for choosing to participate in the Swedish program PFE as well as the level of self-

reported energy savings for those who participate tend to increase with increased electricity 

intensity and electricity use. Different management practices also affect the probability of 

participation; firms in which the energy manager has fewer responsibilities and works closer 

to the CEO have been more likely to participate in the program. The above suggests that PFE 

may primarily have attracted firms that already have had plenty of experience with energy 

efficiency issues. 

The second part of the thesis switches focus somewhat; from industrial energy use to 

other industry input use in the form of forest raw materials. Important here is the reuse of in-

put materials in the form of wastepaper as well as the input use of forest raw materials in the 

form of logging residues and by-products. The two latter materials have traditionally been 

used by the forest goods industry, but due to renewable policy, the energy sector now uses 

more of these inputs as well. Hence, due to a new policy-created market situation, actors may 

have problems to secure their needed inputs at a low cost. The results from the development 

of a partial general equilibrium model of the European trade in forest raw material in Papers 

III and IV indicate that EU energy policy goals will boost European trade in forest raw mate-

rials. Also, since the national goals in the RES2020 Directive are mandatory, in contrast to the 

indicative recommendations stated in previous energy policies on renewables, we can con-

clude that a more ambitious goal will inevitably affect the industries competing for the forest 

raw material inputs. The empirical findings also suggest that due to an increase in trade, po-

tential industry problems to secure the needed inputs may be mitigated. On the other hand, the 

integration of countries increases the possibility for some industries to increase their produc-
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tion even more, possibly strengthening any input scarcity problems. It is therefore not possible 

to generally conclude if a more integrated European forest raw material market, and hence an 

increased European forest raw material trade, will mitigate industry problems to secure their 

needed inputs or not.

Paper V shows that Swedish studies indicate higher wastepaper demand elasticities 

compared to findings in other (mainly U.S.) studies. One potential explanation for this is that 

technical change has gradually over time lead to higher own-price sensitivities. Generally, the 

U.S. studies only cover wastepaper demand patterns up until the late 1980s. Some studies 

found the relationship between wood pulp and wastepaper to be somewhat mixed for the dif-

ferent paper grades. In some instances they were found to be complements and for some paper 

grades they were substitutes. All in all, the demand behavior of wastepaper in general, and the 

relationship between wood pulp and wastepaper, in particular, appears to be more complex 

than suggested in previous research effort. In the future, the relationship between wastepaper 

demand and supply behavior and technical change requires further scrutiny. 

So whilst Paper V focuses on virgin fiber in the form of wood pulp contra wastepaper, 

and Paper III and IV focuses on by-products and logging residues they together reveal the 

complexity of these issues – that are partly due to policies having primary and secondary tar-

gets, and hence direct and indirect effects (that are more or less deliberate). Hence the markets 

for these sorts and other sorts of biological inputs are interrelated. Potentially, a boosted trade 

in logging residues and by-products may diminish problems to secure inputs – and hence con-

serve virgin fiber – if e.g. the energy sector will have a lesser need for a use of roundwood in 

such a case. Moreover, such virgin fiber conservation might be strengthened if the industry 

uses larger extents of wastepaper. 

As stressed in different research findings, reuse might also help the industry save ener-

gy. However, such findings necessitate additional research efforts since the energy input is 

very diverse. Moreover, when modeling these markets in future research, different market 

imperfections have to be considered. For example, the modeling of energy service markets 

demands consideration of imperfect information whilst wastepaper market studies may also 

require extra attention to oligopsony features. When modeling trade in forest raw materials, 

we need to extend the analysis, covering different sorts of fuels and actors. This would yield 

insights into potential failures and barriers affecting these markets, and as such help the identi-

fication of appropriate policy measures to address any market failures. The accuracy of these 
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analyzes relies however on reliable (and disaggregated) statistics. Without this, accurate re-

sults and hence conclusions are not to be made – and therefore the subsequent policy implica-

tions might be misleading. Improving the reliability of statistics and putting additional efforts 

into data gathering, is hence a necessary government priority in the near future. 
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1. Introduction
The challenge of climate change in combination with security of supply concerns has spurred 

an increased societal interest in identifying measures to improve energy efficiency as well as 

appropriate policy instruments to promote such measures. The industrial sector plays an 

important role in these policy endeavors; it accounts for about one third of global final energy 

use and this share has grown over time (International Energy Agency, 2012). Policy efforts to 

promote a more efficient use of energy in industrials sectors should however build on an in-

depth understanding of energy demand behavior, and on elucidating the potential rationales

for policy intervention. This poses a number of challenges, though, both of an empirical and a 

theoretical nature. 

First, energy markets and market prices influence firms’ decisions regarding how much

energy to use and whether to invest in more energy-efficient equipment. These price-induced 

impacts are often modest in the short-run due to the long lifetimes and slow turnover of 

energy-using appliances and capital equipment. In the long-run, though, energy price changes 

could have more profound impacts on the adoption of energy efficiency measures as firms 

have time to replace older capital equipment and develop new processes (e.g., Henriksson et 

al., 2013). Still, these existing market-based incentives may not necessarily ensure an 

economically efficient use of energy. Energy prices may be distorted due to non-internalized 

environmental costs, and/or other barriers to the adoption of cost-effective energy efficient 

technology may exist (Gillingham et al., 2009). For this reason it is useful to identify the type 

of barriers and market failures that could motivate policy intervention targeting increased 

energy efficiency, thus beyond those measures already taking place in the private market.

Secondly, though, the theoretical rationale for policy intervention to address energy 

efficiency is not always straightforward, in part because different strands of the economics li-

terature (e.g., neoclassical economics, transaction cost economics, behavioral economics etc.)

tend to legitimate a partly varying scope for policy intervention (e.g., Sorrell et al., 2004). 

Neoclassical approaches, including, for instance, Brown (2001), Jaffe and Stavins (1994) and

Gillingham et al. (2009), accentuate empirical evidence on market failures such as inefficient 

pricing and information distortions (e.g., asymmetric information and the public goods nature 

of information). While such approaches assume perfectly rational (i.e., profit-maximizing) 

firms, the behavioral economics literature also devotes attention to the potential bounded 

rationality of firms. The latter implies that individuals within firms will economize on scarce 

cognitive resources by utilizing routines and rules of thumb, and will therefore tend to make 
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satisfactory decisions rather than expend time and effort searching for the optimum decision 

(Simon, 1957; Teece et al., 1997; Foss, 2003). This will in turn affect task allocation as well 

as incentive design, and may lead to path-dependent behavior; the benefits of energy effi-

ciency measures could be overlooked (e.g., DeCanio, 1994). In sum, the above points to the 

importance of addressing both distortions in the energy market (i.e., market failures) as well 

as decision-making within energy-using organizations (i.e., organizational failures).

This paper builds on both the neoclassical and the behavioral economics literature to 

address important market signals as well as firm-specific management and decision-making 

practices that may explain differences in energy intensities (i.e., the energy required to 

generate a given output) across firms and over time (see also Sorrell et al., 2004). Specifically, 

the objectives of the paper are to: (a) derive and discuss indicators of Swedish industrial 

firms’ decision-making and management practices on energy use; and (b) investigate whether 

these practices can help explain variations in energy intensities across these firms.

The data on management practices and policies have been collected through telephone 

interviews with 101 industrial process firms in Sweden. This permits us, first, to document

several aspects of firm behavior with relevance to energy use. Since the interviews also 

involved questions about behavior and practices in the past (i.e., prior to 2006), important 

changes over time can be addressed. In a second step we specify a simple econometric model 

in which the energy intensities of 89 firms over the time period 2004-2010 are assumed to be 

influenced by the reported management practices as well as by firm output, input use and 

energy prices. The analysis focuses on relatively large firms (i.e., those with more than 200 

employees) in the energy-intensive process industries (see further section 3). 

In Sweden energy efficiency is an important policy goal, and the government strives to 

decrease the country’s energy intensity by 20 percent during the period 2008-2020 (Swedish 

Energy Agency, 2010a, 2010b). The Swedish industrial sectors account for nearly one quarter 

of total Swedish final energy use. Furthermore, a few energy-intense industry sectors account 

for nearly three quarters of this total (Swedish Energy Agency, 2012a), and these sectors 

typically belong to different process industries (e.g., mining, pulp and paper, chemicals, iron 

and steel, food etc.). The energy use in these industries over the time period 1990-2010 are 

displayed in Figure 1. The pulp and paper industry accounts for roughly half of industrial 

energy use in Sweden, and is a major user of, for instance, electricity and black liquor (the 

latter is a byproduct in the production of sulfate pulp).
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Figure 1: Industrial Energy Use by Sector (TWh), 1990-2010

Sources: Swedish Energy Agency (2012a, 2012b).

Moreover, the iron and steel industry’s share of total industrial energy use is 14 percent while

the corresponding share for the chemical industry is 7 percent. The energy intense part of the 

chemical industry consists of firms producing basic chemicals. The mechanical engineering 

industry accounts for 7 percent of total industry use, but is not regarded as energy intense.

Finally in Figure 1, the last category (labeled “Other”) comprises the remaining industry 

sectors (e.g., the food industry), and it accounts for 20 percent out of total industrial energy

use.

There exists no specific energy efficiency goal for the industrial sector in Sweden, but 

policies have been implemented to promote a more energy efficient use. These include, for 

instance, energy taxes and a voluntary energy efficiency program (e.g., Stenquist and Nilsson, 

2012; Henriksson and Söderholm, 2009). Moreover, the price of electricity has increased 

significantly since the year 2005 (Brännlund et al., 2012), thus providing an additional spur to 

economize on energy use. Nevertheless, whether these market-driven and policy-induced

changes have altered management practices in Swedish industrial firms, and whether there 

exist important differences in these practices across firms remain empirical questions. 

The paper contributes to the existing literature in a number of ways. First, previous 

economic studies of factor demand and electricity use in industrial sectors in Sweden and 

elsewhere (e.g., Adeyemi and Hunt, 2007; Bjorner et al., 2001; Bjorner and Jensen, 2002; 

Samakovlis, 2003; Lundmark and Söderholm, 2004) primarily address price, output and 

policy impacts (e.g., voluntary agreement schemes). We also address, though, the presence of 

firm-specific management and decision-making practices. These include the extent to which 
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energy efficiency issues are communicated within the organization, the priority given to redu-

ced energy use by the top management, path-dependent decision-making, as well as the pre-

sence of (and the weight attached to) the ‘hidden’ costs of energy efficiency measures. 

Second, the paper also complements previous research that has used case-based studies 

to address the different barriers and market failures that hamper energy efficiency in various 

sectors (e.g., Schleich, 2009; Sorrell et al., 2004; Thollander and Ottosson, 2008). Our focus 

on changes in firm practices over time contributes to data gathering in this field. Moreover, 

unlike the above qualitative studies we combine the collected interview data with secondary 

industry data, thus permitting explicit quantitative tests of why industrial firms report varying 

energy intensities. A similar combined qualitative/quantitative approach is employed in Mar-

tin et al. (2012) (see also Bloom and van Reenen, 2006), although the former study primarily 

addresses the presence of climate-friendly management practices in general.  

The remainder of the paper is organized as follows. The next section provides a brief 

discussion of potential market and behavioral failures relating to energy efficiency and use in 

the industrial sector. Section 3 outlines the design of the interview study, and provides an 

introduction to the different management indicators derived from the interviews. In section 4 

we specify the econometric model, and discuss some important data and model estimation 

issues. The empirical results are presented and briefly discussed in section 5, while some 

concluding remarks and implications are outlined in section 6. 

2. Market and Behavioral Failures Relevant to Energy Efficiency
In this chapter we discuss a number of reasons behind the occurrence of a gap between the 

economically efficient level of industrial energy use and the energy used by the industry.

Potentially important failures in the energy efficiency field can be categorized into five broa-

der groups: (a) non-internalization of external costs; (b) informational failures; (c) failures in

the capital markets; (d) innovation-related failures; and (e) behavioral failures (Gillingham et 

al., 2009). The first four of these categories are referred to as market failures in neoclassical 

economics, but they could also be accompanied by different types of behavioral failures. The 

latter is related to the notion that economic agents may often economize on scarce cognitive 

resources by utilizing routines and rules of thumb rather than search for optimal solutions. In 

the remainder we address primarily the non-internalization of external costs as well as diffe-

rent informational and behavioral failures (sections 2.1-2.2). Before proceeding, though, a few 

brief comment on the other two sources of inefficiencies are provided as well. 
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Failures in capital markets refer to cost-effective (energy efficiency) investments being 

rejected due to insufficient capital market funding (i.e., liquidity constraints) and/or internal 

funding within firms (Gillingham et al., 2009; Rohdin et al., 2007). Inefficient capital markets 

are likely only marginally relevant when studying the energy-intense industry's commitment 

to energy efficiency issues. Instead, as Sorrell et al. (2004) note, lack of funding might be due 

to energy managers residing only a short period of time on their respective positions, hence

creating short-term incentives for this staff. In addition, insufficient funding may prevail if a 

firm cannot communicate information about the profitability of an energy efficient investment 

to its lender. The source of any inefficiency is then, however, information-driven.

Innovation-related failures emerge due to the public good nature of new technical 

knowledge acquired through, for example, R&D. Once this new technological knowledge has 

been generated, it can be used by multiple actors at a low cost. Hence the individual innovator 

does not take full benefit of his/her R&D efforts, and instead these benefits "spill over" to 

other actors and the incentives to invest in new knowledge may become too low in the first 

place (Jaffe et al., 2003). However, in the present study we do not focus on “inventions”, i.e.,

the outcome of basic research where new technology is generated, or “innovations”, i.e. the 

phase in which a new technology is made available on the market, but instead on energy 

efficiency technologies and measures that are already established in the market (such as those 

recommended by the best available technologies (BAT) literature). For this reason, the 

presence of any innovation-related failures is not further addressed in this paper, although we 

do briefly discuss the public goods nature of information in general (see section 2.1.2).1

In addition, we also address a number of market barriers to energy efficiency, such as 

the prevalence of overhead costs for energy management and different types of transaction 

costs. These ‘hidden’ costs inhibit energy efficiency measures but need not necessarily be 

related to actual market or behavioral distortions in decision-making thus calling for policy 

intervention. Still, in exploring the question of why some firms are more energy intense than 

others these costs should also be acknowledged, and in section 2.3 we therefore discuss some 

barriers to energy efficiency. The remainder of this chapter is inspired by and in parts based 

on Sorrell et al. (2004), which provide a comprehensive and thorough discussion of market 

failures and barriers to energy efficiency in industrial sectors.

                                                           
1 Another reason for neglecting the potential presence of liquidity constraints and innovation-related market 
failures is that both of these sources of inefficiency are highly generic; i.e., the policy instruments needed to 
address them are general and do not target energy efficiency per se. 
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2.1 Market Failures
In this sub-section we discuss two types of market failures potentially causing a gap between 

the economically efficient level of industrial energy use and the actually energy used by the 

industrial firm.

2.1.1 The Non-internalization of External Costs

Since most energy products are bought and sold in economic markets, those that use energy 

usually have an interest in economizing on their energy use. Firms typically seek to maximize 

profits, and hence have incentives to reduce energy costs and achieve a more efficient use of 

energy. This role of prices is well founded in both economic theory and in many empirical 

studies (e.g., Andersson and Newell, 2004; Gillingham et al., 2009; Popp, 2002). Still, the

market price of various energy products and services may not fully reflect the marginal social 

cost of production (Jaffe and Stavins, 1994; Gillingham et al., 2009). This might be the case 

if, for instance, different environmental costs are poorly internalized. In such instances, the

energy prices will be too low and the incentives for energy efficiency will (ceteris paribus) 

become too weak. Inefficiencies may also arise if the energy producers apply average cost pri-

cing instead of acting based on prices determined by the marginal cost. In practice, however, 

it can be difficult to assess the empirical importance of these types of inefficiencies and thus 

to define the economically efficient level of energy use. Previous studies that have attempted

to assign a value on the environmental cost of electric power generation confirm that this is a 

difficult task (e.g., Sundqvist and Söderholm, 2002).

Sorrell et al. (2004) note also that the non-internalization of external costs “do not 

explain the neglect of investments which appear cost-effective at current energy prices,” (p. 

30). Thus, inefficient energy use may also stem from other factors beyond market prices. 

2.1.2 Informational Failures

It is rarely economically efficient for actors to search for and obtain perfect information 

before making a decision. Hence, lack of information is not in itself a market failure; in the 

same way as conventional goods and services carry an opportunity cost, searching for new 

information also commands a price. However, there are situations in which the presence of

incomplete information may lead to an economically inefficient use of energy. For instance, 

Sorrell at al. (2004) state:

[…] “the mere existence of imperfect information does not justify policy intervention. 

Instead, it is necessary to demonstrate either that the public good aspect of information is 
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particularly significant, or that the cost of information acquisition inhibits transactions 

that would increase net social welfare.” (p. 37)

The existence of informational failures is central in neoclassical economics when discussing 

inefficient energy use (e.g., Jaffe and Stavins, 1994). In order to comprehend the underlying 

informational forces potentially generating sub-optimal decisions, we need to clarify what 

types of information may be relevant. Sorrell et al. (2004) decompose important information 

pertinent for energy efficiency choices into three broad groups: (a) information about current 

consumption levels and flows in comparison to a benchmark; (b) information on different 

opportunities to save energy given existing conditions such as existing equipment; and (c)

information on the energy use levels of new equipment so as to enable a choice between new 

inefficient and efficient options.   

The accessibility and quality of information concerning current energy use levels (group 

(a) above), depend on, for instance, how well this use is monitored (e.g., the quality of sub-

metering), and on whether appropriate benchmarks are easily accessible. Similarly the preva-

lence of relevant information about energy efficiency opportunities – being existent in a 

firm´s “present context” (group (b)) – depends on how well these opportunities have been 

assessed. However, this requires some amount of effort that imposes costs on the firm (e.g., 

the cost of conducting energy audits), whilst the full benefits of obtaining the information will 

typically not be known in advance. For this reason, too little information might be supplied

(or of too bad quality), or alternatively this type of information might be priced too high. In 

the case of new equipment (group (c)) the information may also be subjected to public good 

problems. If this is the case, the information is likely to be under-supplied due to the 

opportunity cost of obtaining the information today instead of getting it “free of charge” at a 

later stage. Hence, this may give rise to positive externalities (learning-by-using), and an 

opportunity for some firms to "free ride" on other firms’ adoption of energy efficiency 

measures. The downside, of course, since the firms that choose to invest in new energy 

efficient technology may not fully reap all benefits of this investment, most firms will have 

too few incentives to undertake these investments.

Besides being under-supplied, information about, for instance, a new technology is also 

often asymmetrically distributed. The importance of this, Sorrell et al. (2004) argue, depends 

on the “[…] variance in product quality (particularly in relation to energy efficiency), the 

frequency of purchase relative to changes in underlying characteristics and the search costs 

entailed in obtaining relevant information,” (p. 60). Furthermore, asymmetric information is 
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likely to be more prevalent and important in the case of energy efficiency opportunities than 

in, for example, buying an energy commodity such as electricity. The reason is that the latter 

is a homogenous product that is purchased on a regular basis and for which information is 

widely available. In contrast, Sorrell et al. (2004) address that “delivering the same service 

through energy efficiency investments requires the purchase of one or more complex, 

heterogeneous and unfamiliar goods” for which “the lifetime […] is long […], the purchases 

are infrequent and the rate of technical change is rapid relative to purchase interval,” (p. 60).

One may therefore claim that energy efficiency is a so called “experience good”. However, 

since it may be hard to evaluate how a technology has performed even after a purchase, it

could be referred to as a “credence good” for which market failures might be more prominent 

in comparison to an experience good (Sorrell et al., 2004).

Energy efficiency and energy goods both meet a firm’s need for energy services (e.g.

cooling or lightening) (Hewett, 1998). For this reason they are substitutes, but due to their 

differences in characteristics, the cost of information – including the verification of the 

information’s trustworthiness – could be higher for energy efficiency measures than for 

energy purchases. This implies that the attention paid to energy efficiency might be less than 

the social optimum. More importantly, when choosing between different technologies, energy 

efficiency might be outweighed by more visible (good information) attributes such as capital 

costs (see also section 2.2).

Akelof (1970) showed how the presence of asymmetric information may result in so-

called adverse selection, e.g., a situation in which primarily energy inefficient products are

made available on the market. Consultants or other experts who may have the information

advantage, could mitigate this problem by providing convincing information about the econo-

mic value of an investment but occasionally this could also prove difficult in the case of the 

“invisible” energy efficiency attributes (Rohdin and Thollander, 2006a; Holmberg and Mo-

berg, 2006; Moberg, 2008).

While Akerlof’s case describes inefficiencies that arise before a purchase, the so-called

principal-agent problem refers to a situation where the presence of asymmetric information

distorts decisions after a contract has been signed. Often there exists a distinction between the

person who is responsible for the use of energy (such as an engineer in the process industry –

the agent) and the manager (the principal) who pays the energy bill. Even if the engineer can 

identify cheap energy efficiency measures it can be difficult for him or her to convince the 

manager about the superiority of these measures. Alternatively, the manager may wish to 
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prioritize energy efficiency measures, but faces difficulties in implementing an organizational 

structure that gives engineers the right incentives to meet these goals. Brown (2001) empha-

sizes several empirical examples of such market failures preventing the implementation of 

profitable energy-efficient technologies. For instance, he refers to industry buyers that select

technology purely based on availability and known dependability of standard equipment. 

Such “misplaced incentives” could thus inhibit an economically efficient use of energy.

2.2 Behavioral Failures

A large number of behavioral studies (e.g., DeCanio, 1998) emphasize that individuals are not 

always perfectly rational, but instead “they may neglect opportunities for improving energy 

efficiency, even when given good information and appropriate incentives,” (Sorrell et al.,

2004 p. 10). This is referred to as bounded rationality (Simon, 1979), implying that the actors 

deviate from the behavior of a decision-maker that always makes optimal decisions. 

“A primary consequence of bounded rationality is that constraints on time, attention, 

resources and the ability to process information lead to optimising analyses being repla-

ced by imprecise routines and rules of thumb. In organisations, this could mean focusing 

on core activities, such as the primary production process, rather than peripheral issues 

such as energy use.” (Sorrell et al., 2004, p. 78)

As a result, decisions might be allocated to specialists, who have replaced intangible abstract

goals with tangible sub-goals (Simon, 1979). In line with this, Rohdin and Thollander (2006b) 

argued that a dedicated energy manager is an internal force that improves energy efficiency 

within firms. Still, it might be hard to distinguish behavioral failures from informational ones, 

e.g., one may instead regard “lack of dedication” as a split incentives problem. De Almeida 

(1998) states, though, that split incentives are actually strengthened by behavioral failures. 

The outcome of actors being boundedly rational is the development of routines, rules-of-

thumb etc. (in contrast to a systematic way of analyzing the full consequence of all available

investment alternatives).

De Almeida (1998) focused on the market for (energy efficient) electric motors in 

France. Firms that used large amounts of energy chose motors based on reliability and motor 

prices, thus largely neglecting the energy use of the motor. Whilst this was partly due to the 

fact that maintenance departments might be separated from the financial department (and 

hence that split incentives may arise), this failure, de Almeida argues, is reinforced due to the 

development of routines that simplify the decision-making process. These routines are in turn,
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a response to restrictions on time and the capacity to process information of maintenance 

personnel. De Almeida (1998) concludes:

[..] “market forces are constrained by the variety of transaction types and by the decision-

making practices of agents, in an environment characterised by lack of information and 

split incentives for adopting energy-efficient technological options.” (p. 643)

The existence of bounded rationality could influence the effectiveness of policies such as 

information programs; “If agents lack the time or capacity to use existing information, there is 

little point in providing more information,” (Sorrell et al., 2004, p. 79). 

In sum, according to this strand of literature a set of rules or problem solving techniques 

within the firm will persist since they are costly to change but also because the system itself is 

not questioned. Organizations develop patterns of behavior, often referred to as routines or a

set of rules, to respond to problems as they arise. Once a set of rules is developed it is rein-

forced by, for instance, in-house training and incentive structures. Thus, bounded rationality 

could give rise to path dependent behavior (Heffernan, 2003). 

In this paper we investigate the concept of bounded rationality by studying if firms

systematically assess all potential energy efficiency measures or if they simplify their 

decision-making in any way (such as by using rules of thumb). Hence, in this respect, a firm 

that chooses between different investment alternatives based on a high degree of implicit or 

explicit restrictions (i.e., neglecting some types of alternatives by default) is here regarded as 

boundedly rational. 

2.3 Market Barriers

As was noted above, it is essential to distinguish between market barriers, i.e., conditions that 

in any way hinder the adoption of energy efficiency measures, and market failures that

generate an economically inefficient level of energy use. In other words, there exist barriers to 

energy efficiency that are not in themselves market failures, and therefore does not constitute 

a relevant target for economically efficient policy instruments. However, some of these 

barriers may be a symptom of an underlying market failure, although if this is the case a 

policy should target this fundamental problem rather than the symptom. Costs incurred when 

evaluating information, choosing between different suppliers, conducting contracts with other 

actors etc. are all potential barriers to the implementation of energy efficiency measures (e.g.,

Golove and Eto, 1996). Gillingham et al. (2009) argue that such transaction costs may add to 

the asymmetric information potentially prevailing between actors, but that these types of costs
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generally are perfectly legitimate – and necessary in order for productive resources to be 

efficiently allocated.

The critique of so-called engineering-economic bottom-up models relates partly to its 

traditional focus on the technological potential of energy efficiency that neglects important

costs associated with technology adoption. For this reason, these costs are referred to as 

‘hidden’; they might be accounted for by the firm but they are traditionally not accounted for 

in engineering-economic models. According to Sorrell et al. (2004) the hidden costs of energy 

efficiency measures might be sub-divided into three groups and schematically categorized as 

in Table 1. 

Table 1: Sub-categorization of Hidden Costs and Empirical Examples

Categories Empirical examples

General overhead costs for energy 
management

Costs of employing specialist staff (i.e., energy 
managers).
Costs of energy information systems (such as the 
costs for sub-metering, analyzing data and 
identifying improvements).  

Specific cost for a certain energy 
efficiency measure, such as an 
technology investment 

Costs for ‘formalities’ associated with seeking 
approval of capital expenditure.
Costs of product disruptions and inconveniences.
Costs for replacement or retraining of staff.

A possible loss of utility/profit
related to a certain energy 
efficiency measure

Problems with safety, noise, energy service 
qualities (such as lightning) and working 
conditions.
Lower reliability, additional repairs etc.

Source: Sorrell et al. (2004).

The costs listed in Table 1 stem from different sources. For example, costs associated with 

collecting (i.e., searching for) and analyzing data are addressed within the economics of 

information, whilst the costs associated with seeking approval of capital expenditure might be 

referred to as a transaction cost. Both of these types of costs could be hard to incorporate in 

engineering-economic bottom-up models since they, to a large extent, are context- and firm-

specific, i.e., they depend on the routines, contractual arrangements, procedures etc. within the 

firm (Sorrell et al., 2004). In addition the hidden costs are likely to vary in importance across

different technologies and energy efficiency measures. The costs associated with achieving

energy efficiency, such as the cost for production interruptions during the installation of new 

equipment, are site-specific and hence difficult to generalize. Also, energy efficiency may be 

associated with utility or profit losses of an indirect nature. For example, a new motor might 
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be more energy efficient on the one hand but less reliable on the other. Since energy 

efficiency seldom is the sole or even the most prioritized attribute of a new technology, such 

costs may be a strong reason for rejecting the investment (Sorrell et al., 2004). Hence, these 

types of ‘hidden’ costs represent real opportunity costs for firms.

In sum, Sorrell et al. (2004) argue that the hidden costs associated with production (e.g.,

disruptions) and utility losses (e.g., increases in noise) are inevitable costs for which policy 

has little or no role. In contrast, the search costs associated with gathering information on, for 

instance, product quality depend on the markets for information whilst the cost for, say, sub-

metering depends on the organizational procedures. Hence, these two latter “are contingent 

upon the relevant market, contractual and organisational structures and hence may in some 

circumstances be lowered through public and private actions,” (Sorrell et al., 2004, p. 67).

Figure 2 summarizes the discussion in this section, and highlights the notion that some 

market failures may have energy relevance but do represent more general market distortions 

that may not necessarily motivate explicit energy policy interventions. The dotted line, 

illustrates that some barriers to increased energy efficiency may be symptoms of underlying 

(informational) failures.
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Figure 2: Potential Failures Relevant to Energy Efficiency
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3. Firm Interview Design and Variable Definitions 

3.1 Design of Interviews with Industrial Firms

The data on energy-relevant management practices have been drawn from interviews with 

industrial firms in Sweden. The study is limited to the energy-intensive process industries, 

including thus the following sectors: mining, food, sawn wood products, pulp, paper and 

paperboard, basic chemicals and plastics, iron, steel, foundries and firms producing non-

ferrous metals (corresponding to SNI 07; 10; 16; 17; 20 and 24, respectively). We also limited 

the sample to firms having no less than 200 employees. A total of 151 industrial firms fell into 

this category and were thus contacted. Out of these 101 chose to participate, thus resulting in

a response rate of 67 percent. The interviews took on average about 30 minutes to complete, 

and were directed at the energy managers of each company. 

The interview questions were carefully chosen to address some important management 

and decision-making practices that may influence firms’ energy use patterns. The design of 

the questionnaire was influenced by the ways in which previous barrier-and-driver studies 

have been conducted (e.g., Sorrell et al., 2004; Rohdin et al., 2007; Rohdin and Thollander,

2006b; Persson et al., 2005; Holmberg and Moberg, 2006). Still, some important differences 

are worth noting. 

First, the questions were loosely structured opened questions not meant to simply be 

answered “yes” or “no”. Following Martin et al. (2010, 2012) – and as suggested by Bewley

(2002) – the interviewer started by asking an open question about an issue and then followed

up with more specific questions and/or asked for some examples of the issues addressed (see 

section 3.2 for details). This approach provided rich information about the different manage-

ment and decision-making practices relevant to energy use, and permitted the interviewer to 

evaluate the answer as accurately as possible. 

Moreover, our approach differs from many other survey-based studies since the task of 

scoring responses (on a five point scale) was allocated to the interviewer. Hence, one thereby 

eliminates respondent survey bias, but at the same time one has to consider potential problems 

of interviewer bias instead. In the present study a single interviewer conducted all 101 inter-

views. 11 of these, though, were conducted with a second interviewer present, who also listed 

and independently scored the answers (i.e., they were sitting in separate rooms). This made it 

possible to test for the possible presence of interviewer bias. Our results show that the scores

recorded by the principal interviewer were highly correlated with the scoring of the second 
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interviewer (with a correlation coefficient ranging between 0.8 and 1.0).2 A comprehensive

presentation of the results from this double-scoring test is provided in Appendix A.

Finally, in contrast to earlier studies we have also attempted to address changes in 

firms’ practices over time. This was done by simply following up on each question by asking 

the energy manager if the reported management and decision-making practices differed from 

the present looking back no more than 10 years. In most cases the respondents were able to 

answer this question and report examples of important differences. 

3.2 Questions and Variable Definitions
In line with Martin et al. (2012) we adopted an ordinal scale of 1 to 5 to measure management 

and decision-making practices related to energy efficiency. In order to score each aspect of 

these practices, a number of general, opened questions were posed while then probing for 

more details and examples in subsequent questions. The interviewers were in particular 

gauging the extent to which the firms’ practices relevant to energy use are formalized and far-

reaching. In the remainder of this section we introduce and explain the questions posed in the 

interviews in more detail. The entire questionnaire is available from the authors on request. 

One of the topics considered in the interviews concerns firms’ awareness of energy 

efficiency issues. To address this, the respondent was asked the following question: “How is 

the importance of energy efficiency communicated within the firm as a whole?” This question 

was followed up by permitting the respondent to provide specific examples. Based on the dis-

cussion, the interviewer assessed and scored the answers according to pre-specified criteria. In 

the case of firm awareness the scoring was conducted based on the following criteria:

Score 1: the importance of energy efficiency is not communicated. 
Score 2: The firm relies solely on informal contacts to communicate the importance of 
energy efficiency. 
Score 3: The firm arranges occasional training in energy efficiency to staff members. 
Score 4: The firm arranges regular training in energy efficiency to staff members.
Score 5: The importance of energy efficiency is communicated heavily throughout the 
firm – it is part of the company culture. 

As was noted above, this scoring process was then repeated focusing on the situation in the 

firm going back 8-10 years, i.e., specifically the situation in 2004 but no longer back than 

2001. Clearly, these scores are overall associated with greater uncertainties. 

                                                           
2 Both interviewers had previous experience of doing research on industrial energy use and barriers to energy 
efficiency measures. 
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While the question about firm awareness addresses the way energy efficiency is 

communicated within the firm as a whole, we also included questions about the extent to 

which the top management of the firms emphasize the importance of energy efficiency. The 

following questions were posed: “(a) is energy efficiency a formal strategic goal in the 

company?”; and (b) is energy efficiency a (given) topic at top management meetings?” In 

brief a score of 1 represents “no top management awareness” whilst a score of 2 or 3 implies 

that these questions are discussed only occasionally at the top management meetings (once or 

twice per year), and that the top management has informal energy efficiency targets (or 

guidelines). A score of 4 or 5 indicates that these questions are discussed continuously, that 

formal energy efficiency goals exist and that energy efficiency is an important component of 

the business strategy.

The behavioral economics literature (e.g., DeCanio, 2000) emphasizes that the organi-

zational structure of the firms influence energy intensities. For this reason the interviews 

included a question on whether the firm has hired someone in charge of energy issues (e.g., an 

energy manager), and (if yes) when this was done. If an energy manager was present we also 

asked: “what other responsibilities (if any) does the environmental/energy manager have?” If 

the energy manager has several other responsibilities (concerning personnel, production etc.) 

a low score is provided. For instance, a score of 3 is set in the case where he/she has two other 

responsibilities, while a score of 5 indicates that energy efficiency issues constitute his/her

sole responsibility.

The scope for the energy manager to influence the firm’s investment behavior can in 

turn depend on the organizational structure of the firm. We therefore asked the following 

question: “how far below the CEO is the energy manager (in the corporate hierarchy)?” If 

he/she was more than three levels below the CEO the score assigned was 1, less than three but 

more than one resulted in a score of 3, whilst a score of 5 indicated that the energy manager 

reports directly to the CEO.

The interviews also covered questions about the extent to which energy audits are 

conducted. If audits are conducted for separate departments, this may create incentives for 

these departments to keep their energy use down. For this reason, the respondents were asked: 

“does the firm audit/monitor the energy use in the production process?” If the firms responded

positively to this question, the following questions were added: (a) describe which types of 

energy flows that are monitored; (b) describe the system used; (c) how often do you monitor 

this?; and (d) describe how the energy statistics are then used – what type of analyzes are 
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performed? The respondents were asked to provide examples on each question. The 

respondent score was 1 if no such measures are undertaken, and 2 or 3 if measures are 

conducted monthly or yearly and if these result in analyzes and suggestions for improvements 

(1-2 times per year).  If the energy flows are measured closely, such as by the hour and for 

every energy source, and if this energy use is reported daily or weekly, in turn leading to

continuous analyzes and suggestions for improvement, a score of 4 or 5 was provided.

Moreover, the respondents were asked to state if the firm has specific energy use goals 

for the production process and, if this is the case, to specify how these goals have been

formulated. We also asked if “energy efficiency is one criterion when making an investment.”

In other words, we were interested in whether the firms had chosen one technology over

another based on the former being more energy efficient than the latter. If energy efficiency is 

never or rarely considered when making an investment (due to other priorities), the score 

assigned was 1 or 2. If the firm applies such a criterion and the respondent could state

examples thereof, the score was 3. When the firm’s investment decision process was based on 

the use of the “best available technology” (BAT) criterion (with respect to energy efficiency) 

– and the respondent could exemplify this – the score given was 4 or 5. 

The interviews included questions about process integration strategies and priorities, 

including efforts to cooperate with, for instance, other industries or district heating networks 

(e.g., increased utilization of excess heat). Specifically, this discussion started off with the 

following question: “does the firm have any specific strategies aimed at finding economic and 

energy efficient system solutions?” This was an open question not being scored. The 

respondent had the ability to describe what strategies were being conducted (if any), as well 

as the outcome of these. 

The last two questions addressed in this section concern the presence of bounded

rationality. Few economic studies have empirically tested different behavioral hypotheses to 

uncover whether there is a systematic bias in decision-making related to energy use.3 In the 

present paper we operationalize bounded rationality as heuristic decision-making, i.e., where-

in firms adopt a sequential decision-making process. This implies that they first narrow their 

full choice set to a smaller set by eliminating some investment alternatives that do not have 

some desired feature or aspect (e.g., cost above a certain level, reliability etc.), and then they 

optimize among the smaller choice set, possibly after eliminating further investment options.

                                                           
3 The existing studies focus primarily on consumer decision-making (e.g., Hartman et al., 1991; Sanstad and 
Howarth, 1994; Friedman, 2002; Wilson and Dowlatbadi, 2007). 
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Specifically, we asked the following question:

“Would you say that the firm systematically assesses all potential energy efficiency mea-

sures or is the decision-making process simplified in any way (e.g., through rules of 

thumb, based on what currently works well, etc.)?”

In those cases where the respondent stated that decision-making is simplified and/or is based 

on technologies that currently work well, the score given was either 1 or 2. If the respondents

exemplified that they make satisfactory, but not optimal considerations, the score was instead 

3. If the decision-making process appeared less characterized by bounded rationality, i.e., all 

options are seriously evaluated and investments are rejected or adopted due to, for example, a

rational assessment of risk, the score given was higher (4 or 5). 

The ‘hidden costs’ of energy efficiency investments refer to any costs which are not 

typically included within engineering-economic models (e.g., the overhead costs of energy 

management, production disruptions, education of staff etc.). We investigated the presence of 

hidden costs by asking: 

“Are there any other costs, besides those directly related to the investment, that are taken 

into account when considering a potential energy efficiency investment? For instance, (a) 

the cost of production disruptions?; (b) the cost of hiring new staff/retraining the existing 

one?; and/or (c) the cost for identifying the opportunities, analyze their costs and the cost 

of procurement?”

If the respondent could not give any example (or only a few), which illustrates that such costs 

are considered, and hence barriers for the implementation of an investment, the score given 

was 1 or 2. If such costs prevail – and are considered – occasionally the score was 3, thus 

suggesting that hidden costs may have worked as a barrier to the firms’ investment. At a score 

of 4 or 5 the respondent could give specific examples of the occurrences of such costs, which 

thus implied that an investment in energy efficiency had been considered but not implemented

due to the presence of ‘hidden’ costs.

4. The Econometric Model: Specification and Estimation Issues
The data collected through the interviews permit us to display important differences in mana-

gement and decision-making practices across firms and over time. In this section we introduce 

a simple econometric model within which we take the analysis further, and combine the inter-

view data with secondary firm-specific data from Statistics Sweden´s industrial statistics. The 

latter data set contains information on output (in kSEK), material and labor expenditures as 
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well as energy prices. The firm-specific energy prices were calculated from the quantities and 

values reported by firm, and represent the average fuel price based on the two most frequently 

used fuels in each firm (weighted by use). 

This combined approach permits an econometric investigation in which the firm’s 

energy intensity, i.e., the energy use in MWh (EU) divided by firm output in kSEK, is 

explained by energy prices, output values, other input (material and labor) use, and different 

management practices. For this purpose we apply an unbalanced panel data set covering 89

firms4 in six Swedish industry sectors over the time period 2004-2010. Hence, we specify the 

first econometric model (model I) as follows:
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where the subscript represents the firm, denotes the years 2004-2010 whilst 1t and 2t

refers to the two time periods: 2004-2005 and 2006-2010, respectively. The latter is used to 

denote the fact that the interview data only cover two discrete time periods. Y refers to the 

value of output, while L and M denote the values of hired labor and purchased material,

respectively. The average price of energy is denoted Pave. Moreover, the model also focuses 

on three important management and decision-making practices, i.e., firm awareness (Aw),

bounded rationality (Rat) and the presence (and priority given to) hidden costs (DHC). Fi-

nally, it is the disturbance term assuming that E[ = 0] and Var[ ] = . The logarithmic 

functional form permits the interpretation of the -values as elasticities.

Moreover, in an alternative version of the model (model II) we also include an inter-

action (slope-dummy) variable (( ) ). Here DCEO refers to the hierarchal 

distance between the energy manager and the top management.5 We hypothesize that an 

increase in firm awareness will have a negative influence on the energy intensity of the firm; 

including the interaction variable. This permit us to test the hypothesis that a given increase in 

firm awareness will have a more profound impact on reduced energy use the shorter is the

organizational distance between the energy manager and the top management. In other words, 

a high firm awareness implies, for instance, that the firms’ engineers pay attention to possible 

energy savings, but these will be hard to implement in practice unless the top management 
                                                           
4 Due to lack of data in the industrial statistics 12 firms had to be removed from the original sample. 
5 In Model II, the DCEO variable is coded as a dummy variable that takes the value of 1 in case of a high score 
(3-5), and zero (0) otherwise.
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discusses and prioritizes these issues. The alternative econometric model – model II – is 

therefore specified as follows:

itttittiitit

ttittittiitititit

DCEOAwML
DHCRatAwPaveYYEU

),(),(876

),(5),(4),(321

2121

212121

*)(lnlnln

lnlnlnln/ln
[2]

Table 2 summarizes the definitions and some descriptive statistics for the variables included 

in the econometric analysis.

Table 2: Variable Definitions and Descriptive Statistics*

Variables Definitions Mean Std. 
Dev. Min Max

Dependent variable:
Energy intensity( / ) Energy use (MWh) divided by output 

(kSEK) 
0.180 0.216 0.001 1.651

Independent 
variables:
Secondary data
Output ( ) Gross output (kSEK) 3090350 3936670 125115 25936500
Price of energy ( ) Average energy price (kSEK/MWh) 0.442 0.158 0.137 2.191
Material use ( ) Aggregate cost of material (kSEK) 1678470 2277630 16916 19278400
Labor use ( ) Aggregate cost of labor (kSEK) 304730 412032 13604 3482730

Interview data
Firm awareness ( ) Firm awareness of energy efficiency 32.325 13.138 10 50
Interaction variable( ) Interaction variable 30.033 15.505 0 50

Rationality ( ) Rational decision-making 29.561 13.384 10 50
Hidden costs ( ) Dummy that takes the value of 1in 

case of a low score (1-2), 0 otherwise
0.242 0.429 0 1

*In order to facilitate the interpretation of the results, the interview scores have here been scaled up by a factor of 
10 (e.g., from 1 to 10, 2 to 20 etc.). 1 USD corresponds to about 7 SEK. 

Following Baltagi (2008) we apply the Breusch and Pagan´s LM (Lagrange Multiplier) 

statistic test when deciding if using the OLS versus the industry-specific effects or random 

effect models, respectively. We received a test statistic result of 955.95 (933.02 in Model II), 

while the critical level is 6.63 for chi-squared with one degree of freedom (at the 99 percent 

critical level). Based on this, we reject the null hypothesis of no industry-specific effects 

( : = 0), and instead conclude that the industry-specific effects are statistically signi-

ficant. Hence, we estimate models I and II using an industry specific effects method and the 

LIMDEP software, hence setting “industry group” as the stratifying variable. In this way we 

control for the potential unmeasured differences between industries that can be assumed to be 

fixed over time (e.g., basic technology, policy instruments etc.). 
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In deciding on an industry-specific effects or a random effects model, Hausman´s chi-

squared statistic test help decide between the two (Greene, 2012). However, as in some other 

data sets, such test statistics could not be computed. Greene (2011) then suggests taking the 

difference between the two estimators to be the random variation. However, when estimating 

the model the coefficients turned out to be very similar for the industry-specific and random 

effects models whilst the industry effects are highly significant in the industry-specific effects

model. For the above reason we focus on the results from the industry-specific effects model 

in section 4, while the results from the random effects model are provided in Appendix B.

In addition to the above tests we performed a Hausman test to check for the potential 

endogeneity problem (e.g., Hill et al. 2008). One may suspect that, most notably, firm aware-

ness and the presence of bounded rationality are not exogenously determined in the model, 

this since, for instance, energy intense firms may pay more attention to energy efficiency 

measures than less energy intense firms. Similar problems would likely be present if, for 

instance, the occurrence of energy audits were included in the model. For the variables Aware

and Rat, however, the Hausman test indicated that the null hypothesis of exogeneity could not 

be rejected. 

5. Empirical Results
In this section we present the empirical results from the interview study and the econometric 

models, respectively. Section 5.1 presents some descriptive results from the interviews, high-

lighting in particular the presence of different energy-relevant management and decision-

making practices at the firm level. In section 5.2 we outline and discuss the results from the 

econometric models, thus addressing the extent to which observed differences in energy 

intensities across the firms can be explained by energy prices and the different management 

practices. 

5.1 Management Practices and Barriers to Energy Efficiency
Figure 3 shows the average scores of different potential barriers and management practices 

based on the 101 firms interviewed, and it displays changes over (roughly) the most recent 

ten-year period. In Figure 3, “Aware” and “TM-aware” are abbreviations for firm and top 

management awareness, respectively. The results illustrate that energy efficiency issues tend 

to be well-communicated within the firms, and the top management pay´s a lot of attention to 

these issues (e.g., at meetings etc.). In a majority of firms the employees are obtaining infor-

mation and education relating to energy efficiency issues, although the magnitude and the 
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frequency of these activities differ across firms (see Table 2). Nevertheless, in a majority of 

the firms these activities take place on a regular basis. Information on energy use is provided 

through, for instance, intra networks, in monthly or weekly reports, and/or at meetings. Some 

firms also have special energy groups responsible for spreading this information to the regular 

staff. Others have launched special “employee energy efficiency campaigns”. 

 
Figure 3: Management Practices and Barriers to Energy Efficiency (Average Scores)

Top managers tend to view energy efficiency as a strategic goal discussed regularly together 

with other key objectives (and any associated indicators). The reason for this, as expressed by 

one respondent, is that “the top managers got very aware when they saw the economic sig-

nificance of energy savings”. Another respondent stressed that “the awareness has increased 

due to increasing energy costs – it makes logical sense to be more aware”. The respondents 

also emphasized that the process industry has paid a lot of attention to energy efficiency 

measures in the past due to high energy costs. Awareness was, according to one respondent, 

high during the oil crises in the 1970s; throughout this period the industry “hunted savings”, 

but in the early 2000s energy was so cheap that it was considered less important to invest in 

awareness-raising investments. This notion is reflected in Figure 3, showing a significant 

increase in firm awareness after 2005, due to both higher energy prices and a stronger focus 

on climate change.

Figure 3 shows that there is some evidence of bounded rationality on the part of firms, 

although overall at the present our sample firms work systematically with energy efficiency 

issues and seriously consider – and assess – a wide range of energy solutions. In this process, 
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as one respondent puts it, “the only rational is to reject new equipment that is not 

commercially viable”. According to some of the respondents, the firms have always worked

systematically but nevertheless quite often with a different focus. In the past “it was more 

about quality”. Investments were done to increase productivity; they had a focus on product 

quality and energy efficiency was often of secondary importance. This is consistent with the 

scores reported in Figure 3, showing that at the present firms pay more attention to assessing 

all potential energy efficiency measures than was the case a few years back. Other

respondents in our survey emphasized that for their firm product quality is still the main 

priority (together with production process reliability), and that their processes require high 

energy use levels to maintain high quality. Some firms stress that they invest in “what is 

known to work”. Still, in many firms the trend is towards a more systematic way of assessing 

different energy solutions, not the least since this is economically motivated in the light of 

higher energy prices. 

The hidden costs of energy efficiency investments are overall considered important to 

address, and this was the case even before 2006 (i.e., no significant difference between the 

past and the present).6 Many of the respondents stressed in particular that in process industries

unplanned production disruptions should not happen; if an investment project risks disrupting 

production it will typically be rejected. This implies that the presence of substantial hidden 

costs may represent a significant barrier to energy efficiency measures at the firm level. Still,

some respondents’ stated that their suppliers may bear some of these costs since they –

besides supplying new equipment – also have to provide the related educational services.

In Figure 3, “No of resp.” is short for the number of responsibilities, besides energy 

issues, that an energy manager might have. Here the increase in the reported score over time

implies that energy managers in general have fewer responsibilities compared to the situation 

8-10 years ago. The average present score is 2.9 while it was 1.9 in the past. This thus permits 

them to pay more attention to energy efficiency issues. Moreover, Figure 3 also shows that the 

hierarchical distance between the energy manager and the CEO (measured in corporate levels) 

has decreased over the recent ten-year period, i.e., the corresponding score has increased from 

about 3 to 3.5. This means that the energy manager works (and reports) closer to the CEO 

today compared to the situation in the past. The relevance of this for pursuing energy effi-

ciency measures may in turn be influenced by other factors as well. For instance, one respon-
                                                           
6 Some respondents noted, though, that when energy was cheap in the past, production equipment was often
oversized to have the capacity to deal with temporary production peaks even though this led to unnecessarily 
high energy use during normal operations.
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dent argued that due to a shift in the owner structure, he could more easily “reach through”, 

when presenting a “rational energy efficiency investment” that previously would have been 

rejected.

Finally, according to Figure 3 energy audits are more thoroughly conducted today than 

was the case in the past. This implies, for instance, that the methods used are more sophisti-

cated, the audits are done more frequently, and the results from these are followed up more 

closely. Some of the respondents stressed that their measurement techniques have remained 

the same since the early 2000s, but today the results are followed up more frequently and are 

better communicated throughout the entire organization.7

The attention that industrial firms pay to energy efficiency activities can also be 

measured by whether the firms have an appointed energy manager or not, and whether they 

have formulated explicit energy efficiency targets for the production process. Figure 4 shows 

the share of firms in our sample having an energy manager and an energy efficiency target,

respectively. Almost all firms in our sample have an energy manager. 

Figure 4: Share of Firms with an Appointed Energy Manager and an Energy Efficiency Target

The energy managers are responsible for spreading energy information, and in some firms this 

person arranges monthly meetings with the heads of the different departments. A few years 

back only about half of the firms had an appointed energy manager. Today most of the firms 

(75 percent) also have an explicit energy target for their production process. These targets are 

                                                           
7 The question posed in the interviews dealt with energy audits conducted in the production process. A majority 
of the respondents described their audits with a production process focus, while a few also described their audits 
on a more general basis.
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often expressed quantitatively, e.g., in terms of the maximum use of energy per produced unit 

of output. A few respondents also stated that their firms’ focus on energy efficiency tends to 

be highlighted in marketing activities. Energy efficiency signaling – also a concern for en-

vironmental issues in general – is thus here viewed as contributing to a competitive advantage

in the market place.

Firms pay attention to energy use not only by considering whether or not to invest in 

explicit energy efficiency measures. All investments typically have energy use implications, 

and for this reason the respondents were also asked if energy efficiency is one of the criterions 

when making a new investment. Figure 5 illustrates the frequency of scores for this question, 

and it shows that 38 percent of the respondents state that their firms choose between 

investments using the – from an energy use perspective – best available technology (BAT) 

criterion.

 
Figure 5: Weight Given to Energy Efficiency in Investment Decisions (Frequency of Scores) 

Many of the explicit energy efficiency investments represent improvements carried out in 

various auxiliary systems such as pump systems, electric motors and ventilation systems. 

These investments generally have pay-off periods shorter (or equal to) three years. Some 

respondents discussed the applied discount rates used, and these range between 7 and 20

percent. However, some mention that they may consider longer pay off periods (i.e., lower 

rate-of-return requirements) as well “if the project is good”. Despite this, though, “high risk” 

and “insufficient internal funding” are frequently mentioned as important obstacles to the 

adoption of energy efficiency measures. Hence, we can only conclude that BAT is applied 

when energy efficiency is prioritized in the first place. Other investments with longer pay 

3 
7 

27 26 

38 

0

10

20

30

40

1 2 3 4 5

Fr
eq

ue
nc

y 
of

 sc
or

es
 

Score 



25 

back periods may have other priorities (e.g., quality or production reliability). One respondent 

expressed this in the following way: “energy efficiency has a lower priority than technologies 

we know work better.”

Figure 6 illustrates the most frequently mentioned sources of information when learning 

about different energy efficiency measures. A large majority of the respondents state that their 

firms rely heavily on information provided by the firms’ employees as well as equipment 

suppliers (90 and 84 percent, respectively). Consultants and universities also represent impor-

tant information sources for many firms. Some firms (42 percent) noted that they have 

research and development groups that typically work with a “broader system perspective”. In 

addition to the sources addressed in Figure 6, the respondents also mentioned the importance 

of industry magazines, seminars and workshops. Firms, some argued, often benefit from 

knowledge spillovers from other´s experiences and “good examples” in the same industry.

Others stressed that they also try to learn from other industrial sectors.

Figure 6: Sources of Information in Learning about Energy Efficiency Measures

Finally, the respondents also had the opportunity to describe important energy efficiency mea-

sures undertaken that build on a broader system perspective, i.e., process integration activities 

and cooperation with other industries and energy sectors (e.g., making use of excess heat). 

Most firms appear to have no formalized way of working thoroughly with this systems

perspective. The respondents stated that they try to incorporate a systems perspective, but they 

were seldom very explicit about the ways in which this is realized. A few respondents stressed

that their own firms have considered, but many have not (yet) implemented, measures that 

could increase the utilization of waste heat (e.g., by supplying the heat to a district heating 
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network). Others address the importance of “thinking in a longer perspective” and this is 

typically realized through life cycle cost analyzes when considering an investment that will 

lead to the use of large amounts of energy. Some respondents also mentioned that they have 

conducted Pinch analyzes,8 and stressed the importance of industry-wide teams within which

the sharing of cross-sector knowledge can take place.

5.2 Results from the Estimated Econometric Models
The previous sub-section showed that on average our sample firms pay a lot of attention to 

energy efficiency, and there is clear evidence that these issues have been given more weight 

today compared to the situation in the early 2000s. Still, we also find important differences 

across firms and in this sub-section we investigate the extent to which differences in aware-

ness and energy-decision making can explain the observed energy intensities (i.e., energy use 

in MWh by output in kSEK) in 89 firms over the time period 2004-2010. Table 3 presents the 

parameter estimates for the two model specifications introduced above (with -values adjusted 

for heteroskedasticity). The 2-adjusted values are 0.480 and 0.479, respectively, for the two 

models, thus indicating relatively good fits (at least considering the strong cross-sectional 

nature of the data set). 

The model specifications include a number of control variables such as the values of 

firm output as well as labor and material use. The results show that large firms are (ceteris 

paribus) more energy intense than smaller ones; if the output value increases by 1 percent the 

energy intensity will increase by almost 0.4 percent. In addition, firms with high aggregate 

material expenditures typically have relatively low energy intensities. The coefficient repre-

senting overall labor expenditures is however not statistically significant. In addition, since 

the estimated fixed industry group effects are statistically significant, we can also conclude 

that industry heterogeneity matters.  

An important result from the model estimations is that differences in the average price 

paid for energy by firms is an important determinant of energy intensity. A price increase by 1 

percent indicates a 1.2 percent decrease in energy intensity. Given the strong cross-sectional 

natural of the data set (including 89 firms), this is probably best interpreted as a long-run 

impact. This result confirms the notion that energy-intensive process industrial firms pay a lot 

of attention to rising energy costs, and are willing to take means to reduce these. Still, energy 

                                                           
8 Pinch analyzes provide tools that permit one to investigate the energy flows within a process, and to identify 
the most economical ways of maximizing heat recovery and/or of minimizing the demand from external utilities 
(e.g., steam and cooling water etc.). 
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efficiency measures come at a cost. Our results also suggest that firms that identify significant 

hidden costs associated with energy efficiency measures, and that take these into account in 

their decision-making, also have higher energy intensities. This effect is highly statistically 

significant. Thus, the presence of – and concern for – hidden costs implies that some energy 

saving measures will be rejected.

Table 3: Parameter Estimates from the Industry Group Effects Models

Model I Model II

Independent variables Coefficients t-ratios Coefficients t-ratios
Output ( ) ***0.359 3.648 ***0.352 3.566
Average energy price ( ) ***-1.196 -8.746 ***-1.216 -8.762
Material ( ) ***-0.314 -3.930 ***-0.311 -3.894
Labor ( ) 0.115 1.317 0.125 1.429
Firm awareness ( ) 0.151 1.440 0.108 0.977
Interaction variable (( ) ) - - 0.049 1.170
Bounded rationality ( ) 0.139 1.394 0.127 1.265
Hidden costs ( ) ***0.363 3.858 ***0.356 3.780

Industry groups Estimated industry 
group effects

Estimated industry 
group effects

Coefficient t-ratios Coefficient t-ratios
1 ***-7.219 -10.343 ***-7.233 -10.382
2 ***-7.082 -11.752 ***-7.129 -11.860
3 ***-7.039 -11.628 ***-7.111 -11.760
4 ***-5.862 -9.477 ***-5.936 -9.609
5 ***-7.436 -12.391 ***-7.506 -12.525
6 ***-6.917 -11.198 ***-6.970 -11.311

2-adjusted = 0.480
Breusch & Pagan´s LM

test statistic = 955.95

2-adjusted = 0.480
Breusch & Pagan´s LM

test statistic = 900.27

*** and * indicate statistical significance at the 10 and 1 percent levels, respectively.

The results also indicate that firms who have a high level of awareness, i.e., those in which 

energy efficiency issues are effectively communicated to the entire organization, do not 

generally have lower energy intensities. The estimated coefficient even has the (unexpected) 

positive sign, although it is not statistically significant. Similar (insignificant) results were 

obtained by instead including top management awareness in the model. We also tested the 

specification introducing an interaction variable for firm awareness (Model II in Table 3); this 

permits a test of whether an increase in firm awareness will have a more modest impact on 
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energy use if there is a significant distance between the energy manager and the top manage-

ment. However, the estimated coefficient is highly statistically insignificant. 

Hence, in our context differences in firm awareness across firms do not appear to 

explain why some firms are more energy intense than others. One reason for this result may 

be that our sample only contains energy-intensive process industries, and these are overall 

more attentive to energy use issues than, say, small- and medium-sized, and less energy inten-

sive firms. Although differences in awareness exist across the firms in our sample, these may 

not be big enough to matter for energy use outcomes. 

Finally, the results in Table 3 show that firms who systematically evaluate different 

energy efficiency measures do not (ceteris paribus) have lower energy intensities than those 

who, for instance, show evidence of heuristic decision-making (e.g., rules-of-thumb etc.). 

This is an interesting result; Table 2 shows that there exist differences across firms in terms of 

bounded rationality, while Table 3 suggests that these cannot explain the diverging energy 

intensities across firms. One possible interpretation of this is that although some firms apply 

more restrictive decision-making practices these practices are nevertheless more or less 

optimal from the perspective of the firm. In other words, the restrictions imposed on decision-

making may not be “binding”, and the firms practicing these appear not to be missing out on 

highly profitable energy efficiency measures. 

6. Concluding Remarks

In this paper we have identified a number of key barriers and drivers to energy efficiency in 

the Swedish process industries. The descriptive results show that the awareness of energy 

efficiency within firms is higher today compared to the situation about 8-10 years ago. In 

addition, top managers pay a lot more attention to energy efficiency issues compared to the 

situation in the early 2000s. The respondents argue that this increased awareness is mainly 

due to rising energy costs. Nevertheless, the econometric model estimations show that firm 

awareness appears to have no impact on the reported energy intensities. Instead, rising energy 

prices will significantly reduce the energy intensity. Hence, in line with economic theory and 

previous studies our paper shows that the energy price is an external driver forcing firms to 

economize on their energy use. Firms seek to maximize profits, and hence have incentives to 

reduce energy costs and achieve a more efficient use of energy.

By doing so, firms today are working more systematically when evaluating different 

energy efficiency measures than has been the case in the past. Still, the model results also 
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show that this change in behavior (i.e., increased rationality) appear to have little effect on the 

level of the energy intensity. So even if the firms apply rules-of-thumb etc. in their decision-

making we have to consider this behavior as “sufficiently” rational from an economic 

efficiency perspective. 38 percent of the respondents choose between investments using the 

best available technology (BAT) criterion. Still, many of the investments represent energy 

efficiency improvements carried out in various auxiliary systems such as pump systems, 

electric motors and ventilation systems. The investments mostly had pay-off periods shorter 

(or equal to) three years. Hence, we can only conclude that BAT is applied when energy 

efficiency is prioritized. Other investments (with longer pay back periods) may have other 

priorities (such as quality or production reliability).

Both the descriptive results and the model estimations show that hidden cost may 

constitute an important barrier towards increased energy efficiency. In firms for which such 

costs are a large concern, the energy intensity levels are generally higher. Hence, when these 

costs are considered energy efficiency investments may be rejected frequently, and there is an 

absence of energy efficiency improvements. Still, when learning about an energy efficiency 

investment, 84 percent of the respondents state the supplier as an important “informational 

source”. In this respect, some respondents argue that their suppliers provide education on, for 

instance, new equipment as a service when supplying a product. Hence, this will decrease the 

potential problems of asymmetric information that the hidden costs may reinforce.
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Appendix A: Testing for the Presence of Potential Interviewer Bias
In this paper, the data collection differs from other survey studies since the task of scoring 
responses has been allocated to the interviewer. We thereby eliminate respondent survey bias,
and instead we have to consider potential problems of interviewer bias. In the study a single 
interviewer conducted all interviews (a total of 101). In addition, 11 of the interviews were 
conducted with a second interviewer present, who also listed and independently scored the 
answers. Figure A1 reports the average firm score by interviewer 1 in relation to the average 
firm score by interviewer 2 (based on a total of 10 questions). The plot in Figure A1 shows a 
strong positive relationship between the scoring of interviewer 1 and interviewer 2. 
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Figure A1: Average Score per Firm and Interviewer

Table A1 presents the “per question-results” of the double scoring as well as the correlation 
between the two scores recorded. The correlation between the scores ranges between 0.78 and 
1.00, thus suggesting that the interviewer bias is negligible. In Table A1, the abbreviations 
“I1S” and “I2S” denote “Interviewer 1 Score” and “Interviewer 2 Score”, while “Q” is short 
for question.9 The correlation of 1.00 for the questions 7-10 deserves a comment. These 
questions are relatively straightforward; questions 7 and 8 concern the number of other 
responsibilities (“several”,” two” or “no other”) pertained by the energy manager, while 
questions 9 and 10 concern the distance (“more than 3”, “2-3”, or “1”) between the CEO and 
the energy manager. Hence, the relative ease of scoring these questions, although requiring 
                                                           
9 Table A1 does not contain all questions due to either missing observations or as a result of the design of the 
questions (e.g., yes/no questions).
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some amount of judgment, in part explains the correlation of 1.00 between interviewer 1 and 
interviewer 2 scores.

Table A1: Double Scoring Results by Question

Q1: Firm awareness I1S I2S Q3: Top management awareness I1S I2S
Firm 1 2 3 Firm 1 5 4
Firm 2 1 1 Firm 2 3 4
Firm 3 3 3 Firm 3 2 3
Firm 4 3 3 Firm 4 2 2
Firm 5 4 4 Firm 5 4 5
Firm 6 3 3 Firm 6 3 4
Firm 7 4 4 Firm 7 4 4
Firm 8 4 3 Firm 8 5 5
Firm 9 5 5 Firm 9 5 5
Firm 10 1 2 Firm 10 3 3
Firm 11 3 4 Firm 11 5 5
Mean 3.00 3.18 Mean 3.73 4.00
Correlation: 0.88 Correlation: 0.84
Q7: No. responsibilities - today I1S I2S Q8: No. Responsibilities - previously I1S I2S
Firm 1 5 5 Firm 1 3 3
Firm 2 3 3 Firm 2 3 3
Firm 3 5 5 Firm 3 3 3
Firm 4 5 5 Firm 4 5 5
Firm 5 5 5 Firm 5 3 3
Firm 6 5 5 Firm 6 5 5
Firm 7 1 1 Firm 7 1 1
Firm 8 5 5 Firm 8 1 1
Firm 9 1 1 Firm 9 1 1
Firm 10 3 3 Firm 10 3 3
Firm 11 3 3 Firm 11 3 3
Mean 3.73 3.73 Mean 2.82 2.82
Correlation: 1.00 Correlation: 1.00
Q9: Distance to CEO - today I1S I2S Q10: Distance to CEO - previously I1S I2S
Firm 1 3 3 Firm 1 3 3
Firm 2 3 3 Firm 2 5 5
Firm 3 5 5 Firm 3 3 3
Firm 4 5 5 Firm 4 3 3
Firm 5 3 3 Firm 5 1 1
Firm 6 5 5 Firm 6 5 5
Firm 7 5 5 Firm 7 5 5
Firm 8 3 3 Firm 8 5 5
Firm 9 3 3 Firm 9 3 3
Firm 10 3 3 Firm 10 1 1
Firm 11 3 3 Firm 11 5 5
Mean 3.73 3.73 Mean 3.55 3.55
Correlation: 1.00 Correlation: 1.00
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Q11: Audit/analysis I1S I2S Q15: EE as an investment criteria I1S I2S
Firm 1 5 5 Firm 1 3 3
Firm 2 2 3 Firm 2 3 3
Firm 3 3 3 Firm 3 3 3
Firm 4 3 3 Firm 4 4 4
Firm 5 4 4 Firm 5 4 5
Firm 6 5 5 Firm 6 4 5
Firm 7 3 3 Firm 7 4 4
Firm 8 5 4 Firm 8 5 4
Firm 9 2 3 Firm 9 2 3
Firm 10 3 3 Firm 10 2 3
Firm 11 5 5 Firm 11 5 5
Mean 3.64 3.73 Mean 3.55 3.82
Correlation: 0.91 Correlation: 0.78
Q24: Rationality I1S I2S Q28: Hidden costs I1S I2S
Firm 1 3 4 Firm 1 1 2
Firm 2 2 3 Firm 2 4 4
Firm 3 3 3 Firm 3 3 2
Firm 4 2 3 Firm 4 2 2
Firm 5 5 5 Firm 5 3 3
Firm 6 4 3 Firm 6 3 2
Firm 7 5 4 Firm 7 4 4
Firm 8 2 3 Firm 8 5 4
Firm 9 5 4 Firm 9 5 5
Firm 10 2 2 Firm 10 4 5
Firm 11 5 5 Firm 11 5 5
Mean 3.46 3.55 Mean 3.55 3.46
Correlation: 0.80 Correlation: 0.85

Note: the answers were graded on a scale from 1 to 5. Q1 and Q3: high score = high awareness; Q7 and Q8: high 
score = few other responsibilities; Q8 and Q9: high score = few organizational levels between energy manager 
and CEO; Q11: high score = thorough audits/analyzes are pertained; Q15: high score = energy efficiency is an
important investment criteria; Q24: high score = rational behavior; Q28: high score = hidden costs are 
considered and act as a barrier.

Table A1 demonstrates that the double-scored firms differ slightly from the total sample (see 
Table 2). On average they have high top management awareness of energy efficiency issues, 
has energy managers with few other responsibilities that work less than two levels below the 
CEO. The average firm conducts audits and analyzes on a production process basis, has ener-
gy efficiency as a criteria when making investments, acts rational in some occasions, while 
not in others, and finally, the average double scored firm often accounts for all costs, hence 
also the “hidden” ones – whereby the latter may result in some energy efficiency investments 
not being realized.
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Appendix B: Results from the Random Effects (RE) Specification
The use of an industry-specific effects model controls for the potential unmeasured variations
between different industrial sectors that can be assumed to be fixed over time (e.g., basic 
technology, policy instruments etc.). In Table B1 we present the results from an alternative 
specification using instead a Random Effects (RE) specification. By doing so, we again 
assume that all industry-specific differences are captured by the intercept parameters, but 
these effects are treated as random rather than as fixed. Therefore, intercept parameters now 
consists of a fixed part (i.e., the population average) and a random effect. In such a specifi-
cation, the regression error has two parts; one for the industry and the other for the regression. 

Table B1: Parameter Estimates from the Random Effects (RE) Models

Model I (RE) Model II (RE)

Independent variables Coefficients t-ratios Coefficients t-ratios
Output ( ) ***0.360 3.185 ***0.353 3.124
Average energy price ( ) ***-1.203 -8.369 ***-1.223 -8.442
Material ( ) ***-0.312 -3.712 ***-0.310 -3.677
Labor ( ) 0.113 1.272 0.124 1.387
Firm awareness ( ) 0.151 1.418 0.108 0.951
Interaction variable (( ) ) - - 0.050 1.085
Bounded rationality ( ) 0.141 1.408 0.128 1.276
Hidden costs ( ) ***0.361 3.925 ***0.353 3.833
Constant ***-7.043 -10.513 ***-7.109 -10.592

2 = 0.271 2 =0.277

*** and * indicate statistical significance at the 10 and 1 percent levels, respectively.

The results from the RE Models show coefficients that are overall very similar to those from
the industry-specific effects models (Table 3). For example, similar to the industry-specific 
model; if output value increases by 1 percent the energy intensity will increase by almost 0.4 
percent and a price increase by 1 percent indicates a 1.2 percent decrease in energy intensity.
However, the 2 values are low for the RE Model in comparison to the industry specific 
effects model; in the RE-specification more than 70 percent of the variance in energy intensity 
observations is left unexplained. Since we focus on relatively large firms in a specific part of 
the industry sector, firms included in the panel is in this respect not selected at random from a 
larger population. For this reason we are to focus less on the random sampling and instead 
rely on the results from the industry-specific model (in which the industry effects are highly 
statistically significant).
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Abstract
This paper addresses the role of voluntary energy efficiency programs in the industrial sector. 
We expand on earlier work by explicitly considering the self-selection mechanism in these
programs as well as the role of different management and decision-making practices for un-
derstanding program outcomes. The empirical investigation focuses on the Swedish program 
PFE aiming at achieving electricity savings in the energy-intensive industry. Specifically, the 
purposes of the paper are to: (a) derive and discuss differences in management and decision-
making practices across participating and non-participating PFE-eligible firms; and (b) inves-
tigate whether these practices and other factors can help explain the program’s outcomes at 
the firm level. The results show that the probability for choosing to participate in PFE as well 
as the level of self-reported energy savings for those who participate tend to increase with 
increased electricity intensity and electricity use. Different management practices also affect 
the probability of participation; firms in which the energy manager has fewer responsibilities 
and works closer to the CEO have been more likely to participate in the program. The above 
suggests that PFE may primarily have attracted firms that already have had plenty of experi-
ence with energy efficiency issues. Finally, the results also show that the presence of bounded 
rationality and so-called hidden costs (e.g., due to production disruptions) will imply lower 
self-reported electricity savings. 

Key words: Swedish industry, program for improved energy efficiency, selection model
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1. Introduction
The use of voluntary agreements as a policy for increasing industrial energy efficiency has 

become more and more common. They typically constitute tailor-made negotiated covenants 

between public authorities and individual firms or groups of firms, and include targets and 

timetables for action aimed at improving energy efficiency and define rewards (e.g., tax cuts).

At present, the large majority of voluntary agreements have focused on industrial process en-

ergy use (e.g., in Belgium, Denmark, Estonia, Ireland, Sweden and Slovenia). In Sweden the 

so-called Program for energy efficiency (PFE) has provided energy-intensive companies the 

opportunity of a reduced tax on electricity use.1 In return they have had to introduce and ob-

tain certification for a standardized energy management system and carry out an energy audit. 

The latter has been done to identify specific energy efficiency measures to be implemented if 

these have a pay-back time of less than three years (e.g., Henriksson and Söderholm, 2009; 

Stenqvist and Nilsson, 2012).

In this paper we provide a closer scrutiny of this Swedish policy, and highlight some of 

the methodological difficulties associated with evaluating voluntary energy efficiency agree-

ments. First, the net effect on energy use is often uncertain due to the difficulties in establi-

shing the baseline impacts. Economic theory suggests that the decrease in the electricity price 

following the tax exemption will (ceteris paribus) lead to increased electricity use. There may 

also be costs associated with implementing energy efficiency measures, i.e., so-called ‘hidden 

costs’ such as the costs of employing specialist staff, costs of production disruptions, lower 

reliability etc. (Sorrell et al., 2004). 

On the other hand, different management and decision-making practices at the firm lev-

el could also imply that profitable energy efficiency measures are systematically neglected. 

One reason for this is the presence of asymmetric information such as the principal-agent 

problem. Here the principal (e.g., the CEO) is unable to perfectly monitor the agents’ (e.g., 

the engineers’) performance and introduce enough incentives for these to pursue all profitable 

energy saving projects. Moreover, organizations develop patterns of behavior, often referred 

to as routines or a set of rules, to respond to different problems as they arise (Teece et al., 

1997). Once a set of rules is developed it is reinforced by, for instance, in-house training and 

incentive structures. Thus, bounded rationality can imply that a set of rules or problem solving 

                                                           
1 Specifically, on 1 July 2004, due to the adoption of the EU’s Energy Tax Directive, a tax of SEK 0.005 per 
kWh (EUR 0.5 per MWh) on industrial process-related electricity was introduced. The Directive did give, how-
ever, the energy-intensive companies that were subject to the tax, the opportunity of a tax exemption if they took
action to improve their energy efficiency. In Sweden PFE has represented an instrument to achieve this. 
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techniques within the firm will persist since they are costly to change but also because the 

system itself is not questioned. This implies thus that policy measures that raise firms’ atten-

tion to energy efficiency measures (e.g., through energy management systems) could have 

profound impacts on energy use.

Second, the use of voluntary agreements introduces a selection mechanism in that only 

those firms that consider it worthwhile to participate will choose to do so. This also requires 

specific attention as it could affect the economic efficiency of the policy. Specifically, the set-

up of many voluntary programs offering tax rebates will primarily induce energy-intensive 

companies to participate in the programs. However, these companies generally have paid rela-

tively lot of attention to energy efficiency measures in the past, and cheap measures in the less 

energy-intensive firms risk remaining unattended (Henriksson and Söderholm, 2009). 

The above methodological difficulties have in part been addressed in previous studies 

on voluntary energy efficiency agreements. In Denmark voluntary arrangements have targeted 

energy efficiency in the energy intensive industries. Bjorner and Jensen (2002) showed that 

this policy has led to a significant reduction in energy demand. However, Johanssen (2002) 

also highlighted the problem of insufficient expert knowledge about the production processes. 

This resulted in high search costs among the hired consultants and too little process improve-

ments identified. In the Netherlands, the manufacturing industry established long-term energy 

efficiency plans (LTAs) with the goal to increase energy efficiency (Farla and Blok, 2002). 

Rietbergen et al. (2002) stressed, though, that much of the energy savings in the Netherlands

cannot be attributed to the LTAs. Krarup and Ramesohl (2002) found that both the Danish 

and the Dutch voluntary programs have significantly reduced energy use, however at a relati-

vely high cost.

Previous studies of the Swedish PFE program also display mixed and partly contradic-

ting results. Some studies – typically based on interviews – show that PFE is perceived by 

participants and certification bodies as an efficient policy instrument that has generated sub-

stantial electricity savings (e.g., Demoskop, 2007; CIT Industrial Energy Analysis, 2008;

Swedish Forest Industries Federation, 2008). However, research studies such as Johansson et 

al. (2007) argue that the use of energy audits and the adoption of energy management systems 

(required by the program) were generally more profitable due to rising electricity prices. This 

is consistent with Henriksson et al. (2012) and Ministry of the Environment (2009), which 

stress that there is likely to have been substantial electricity savings already in a baseline set-

ting. Stenquist and Nilsson (2012) evaluate the Swedish PFE program, and attempt to disen-
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tangle the net impacts on electricity savings during the first program period (2005-2009). 

They find evidence of significant positive net impacts, however also criticizing the program 

goals for being unclear and vaguely formulated. 

Unlike previous research efforts this paper explicitly addresses the selection mechanism 

in the PFE program as well as the role of different firm-level management and decision-

making practices for understanding program outcomes. Specifically, the purposes of the paper 

are to: (a) derive and discuss differences in management and decision-making practices across 

participating and non-participating PFE-eligible firms; and (b) investigate whether these prac-

tices (and other variables) can help explain the program’s outcomes at the firm level. 

The data on management and decision-making practices have been collected through 

telephone interviews with 101 industrial process firms in Sweden. Out of these 42 firms par-

ticipated in the first program period (2005-2009) and 31 were qualified to participate but 

chose not to. This permits us, first, to document several aspects of firm behavior with rele-

vance to energy use, and highlight any differences across participating and non-participating 

firms. In a second step we specify an econometric selection (Heckit) model in which the bina-

ry decision to join PFE or not as well as the reported electricity savings (for participating 

firms) during the first program period are analyzed jointly. This analysis combines infor-

mation from the interviews with secondary data on, for instance, firm output, input use and 

electricity prices. The secondary data cover the time period 2004-2010. The interviews also 

involved questions about behavior and practices in the past (i.e., at the start of the first pro-

gram period), thus permitting an analysis of firm characteristics influencing the decision to 

join PFE in 2004.

The paper proceeds as follows. In section 2 we present some background information on 

industrial electricity use in Sweden as well as on the PFE program. Section 3 discusses the 

design of the firm interviews and presents variable definitions. In section 4 we specify the 

econometric selection model, and discuss some important data and model estimation issues. 

The empirical results are displayed and discussed in section 5, while section 6 provides some 

concluding remarks. 

2. Industrial Electricity Use in Sweden and the PFE Program

In Sweden the industry used 149 TWh of energy in the year 2010, and this represents 36 per-

cent of final energy use in the country (Swedish Energy Agency, 2012a). The industry’s ener-

gy use is concentrated among a few energy-intense sectors, which together use nearly 75 per-
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cent of the industry total (Swedish Energy Agency, 2012b). The firms that are classified as 

energy-intensive and hence qualified to participate in PFE operate primarily in the Swedish 

process industry, which is capital-heavy and energy demanding. Hence, in these firms the 

energy costs share is relatively high creating incentives to bring this share down (see details 

below).

Figure 1 displays industrial energy use in Sweden by sector over the time period 1990-

2010. About 50 percent of total industrial energy use can be attributed to the pulp and paper 

industry, which uses mostly electricity and black liquor (the latter a byproduct in the produc-

tion of sulfate pulp). The iron and steel industries use mainly coal, coke and electricity, and 

their share of total industrial energy use is 14 percent (in 2010). The chemical industry uses 7

percent of the total, for which the energy intense part consists of the firms producing basic 

chemicals. The mechanical engineering industry also accounts for 7 percent of total industrial

energy use, but it is not regarded as energy intense. I Figure 1, the final category (labeled 

“Other”) comprises the remaining industry sectors (such as “food”). This category makes up 

20 percent of total use. Although the industries in this category are often not regarded energy-

intensive, separate firms among these sectors might still be. As such, several firms in the food 

sector are energy-intensive in line with the requirements of PFE.

Figure 1: Industrial Energy Use by Sector (TWh), 1990-2010
Sources: Swedish Energy Agency (2012a, 2012b).

There is considerable political pressure, especially at EU level, to bring about substantial effi-

ciencies in the use of energy as an input. As a result of this growing political consensus, a tax 

of 0.005 SEK per kWh on industrial process-related electricity was introduced in July 2004. 
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However, in line with EU’s Energy Tax Directive (2003/96/EG), the energy-intensive firms 

that were subject to the tax had an opportunity of reduced taxation on their electricity use if 

they took action to improve their energy efficiency. In order to compensate the energy-

intensive companies for the tax increase, the program for improving energy efficiency (PFE) 

was launched in 2004 in Sweden.

As was noted above, PFE targets firms in the industries that are energy intensive. A firm 

is regarded as an energy-intense if: (a) its cost of energy (purchased and internally generated)

amounts to at least 3 percent of the production value; and/or (b) the energy, carbon dioxide

and sulfur taxes that the firm have to pay amount to at least 0.5 percent of the firm´s value 

added (Swedish Energy Agency, 2008). In addition, the firm must belong to the manufactu-

ring industry2, use electricity in its production process and have the financial strengths needed

to implement the measures required by the program. Firms can choose to participate in full or 

in part (selected plants). Excluded from the program is electricity used in chemical reduction

and electrolytic processes, since this electricity use is not subject to the above tax (Swedish 

Energy Agency, 2005).

PFE is a five-year program for which roughly 1150 to 1300 firms did fulfil the program 

requirements in 2004 (Swedish Energy Agency, 2008). In the first five-year period (2005-

2009) about 110 firms chose to attend (Swedish Energy Agency, 2011), and in the second on-

going period, approximately 85 firms do attend (Swedish Energy Agency, 2012c, 2012f).3

Program participators are primarily found in the following sectors; pulp paper and wood, 

chemicals and plastics, food and beverage, mining, iron and steel (Swedish Energy Agency,

2009b). The PFE-participating firms use around 30 TWh of electricity per year, and get a

yearly tax relief of about 15 million Euros (Swedish Energy Agency, 2011).

The five-year program period is divided into two sub-periods: years 0-2 and years 3-5,

respectively. During the first sub-period the firms are required to introduce and obtain certifi-

cation for a standardized energy management system (EMS),4 and carry out an energy audit. 

The audits aim to identify energy efficiency measures to be implemented in subsequent years 

                                                           
2 Industry branch code classification according to Statistics Sweden: SNI 10-37 (SNI2002).
3 The second program period was launched on 1 July 2009. Qualified firms were able to apply for participation 
in the second period until December 2012 (and hence will then attend until the year 2017).
4 During the year 2011, a new international standard for energy management, ISO 50001:2011, replaced the 
European one (EN 16001:2009) as well as the Swedish standard (SS 627750:2003). ISO 50001 is very similar to 
EN 16001. Some additional requirements have been added, e.g., the new standard requires that energy indicators 
are established to enable benchmarking. SS 627750 has expired (August 18, 2012), and firms having this certifi-
cation have had to upgrade to the ISO 50001 standard. EN 16001 is likely to expire during the autumn of 2014 
since by then all firms will have to have the ISO 50001 certification (Science Partner, 2012).
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as long as these have a pay-back period of less than three years. These measures are reported 

to the Swedish Energy Agency (SEA). In addition, the program requires that firms, when pur-

chasing equipment takes into consideration its energy use during the entire life cycle. PFE 

also demands improved routines when undertaking modifications and renovations of equip-

ment. The efforts that have to be undertaken during the program period are summarized in 

Figure 2.

Figure 2: PFE, a Five-year Voluntary Energy Efficiency Program
Sources: Swedish Energy Agency (2008, 2012d, 2012e). 

During the years 3-5, the firm should implement the measures that were reported to the SEA

at the end of the first sub-period (years 0-2). The firm should do continuous improvements in

its energy management system, as well as evaluate the effects of the implemented purchasing 

and planning routines. Most of the work obtained within the program is founded on the work 

obtained within the boundaries of the energy audit and the EMS.

“[..] the standard for energy management systems presupposes that the company formu-

lates an energy policy. The company must also identify how and where it uses energy, es-

tablish targets and action plans aimed at reducing its energy use, create an organizational 

structure for energy management, monitor and measure energy use, as well as control its 

operations in other ways.” (Swedish Energy Agency, 2009a, p. 6)

The EMS requires that the firm identifies energy aspects that have major impacts on the 

firm’s energy use. Moreover, the goal is not only a more efficient energy use but also to iden-

tify practices that may lead to, for instance, an increased utilization of waste heat (Swedish 

Energy Agency, 2009a).
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The self-reported electricity savings for the first program period sum to a total of 1.45 

TWh of electricity per year (Swedish Energy Agency, 2011). Most improvements were car-

ried out in various auxiliary systems such as pump systems, electric motors, fan systems, 

lighting etc. However, the measures implemented in the production process often generated 

greater electricity savings than the measures conducted in auxiliary systems. 25 percent of the 

measures were implemented in the production process, but these contributed to as much as 50 

percent of the total reported savings (Swedish Energy Agency, 2009c).

3. Firm Interview Design and Variable Definitions 

3.1 Design of Interviews with Industrial Firms

The data on energy-relevant management decision-making practices have been drawn from 

interviews with industrial firms in Sweden. The study is limited to the energy-intensive pro-

cess industries, including thus the following sectors: mining, food, sawn wood products, pulp, 

paper and paperboard, basic chemicals and plastics, iron, steel, foundries and firms producing 

non-ferrous metals (corresponding to SNI 07; 10; 16; 17; 20 and 24, respectively). We also 

limited the sample to firms having no less than 200 employees. A total of 151 industrial firms 

fell into this category and were thus contacted. Out of these 101 chose to participate, thus re-

sulting in a response rate of 67 percent. Furthermore, 42 firms participated in the first program 

period of PFE, whilst 31 were qualified to participate but chose not to. The remaining firms 

did not fulfill the required criterion for participation (see section 2), and were hence excluded 

from the empirical investigation.

The interviews took on average about 30 minutes to complete, and were directed at the 

energy managers of each company during the time period September-November 2012. The 

interview questions were carefully chosen to address some important firm-specific practices 

that may influence firms’ energy use, as well as their likelihood of participating in PFE and 

the reported electricity savings (of participating firms). The design of the questionnaire was

influenced by the way previous similar empirical studies have been conducted (e.g., Sorrell et 

al. 2004; Rohdin et al., 2007; Rohdin and Thollander, 2006; Persson et al., 2005; Holmberg 

and Moberg, 2006). Still, some important differences are worth noting. 

First, the questions were loosely structured opened questions not meant to simply be an-

swered “yes” or “no”. Following Martin et al. (2010, 2012) – and as suggested by Bewley

(2002) – the interviewer started by asking an open question about an issue and then followed

up with more specific questions and/or asked for some examples of the issues addressed (see 
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further section 3.2). This approach provided rich information about the different management 

practices relevant to energy use, and permitted the interviewer to evaluate the answer as accu-

rately as possible. Moreover, it differs from many other survey-based studies since the task of 

scoring responses (on a five point scale) was allocated to the interviewer. Hence, one thereby 

eliminates respondent survey bias, but at the same time one has to consider potential problems 

of interviewer bias instead. In the present study a single interviewer conducted all 101 inter-

views. 11 of these, though, were conducted with a second interviewer present, who also listed 

and independently scored the answers (i.e., they were sitting in separate rooms). This made it 

possible to test for the possible presence of interviewer bias. Our results show that the scoring 

done by the principal interviewer was highly correlated with the scoring of the second inter-

viewer (with a correlation coefficient ranging between 0.8 and 1.0).5 A comprehensive 

presentation of the results from the double-scoring test is provided in Appendix A.

Finally, in contrast to earlier studies we also attempted to address changes in manage-

ment and decision-making practices over time. This was done by simply following up on each 

question by asking the energy manager if the reported management practices differed from the 

present looking back no more than 10 years, thus just prior to the start of first PFE period in 

2005. In most cases the respondents were able to answer this and report important differences. 

For our purposes this is important since firms’ decisions whether or not to participate in the 

first program period typically were made in the year 2004.

3.2 Questions and Variable Definitions
In line with Martin et al. (2012) we adopted an ordinal scale of 1 to 5 to measure different

practices related to energy efficiency. In order to score each aspect of these practices, a num-

ber of open questions were asked and then probing for more details and examples in subse-

quent questions. The interviewers were in particular gauging the extent to which the firms’ 

practices relevant to energy use are formalized and far-reaching. In the remainder of this sec-

tion we introduce and explain the questions posed in the interviews in more detail.

One of the topics considered in the interviews concern firm awareness of energy effi-

ciency issues. In this respect the respondent was asked the following question: “How is the 

importance of energy efficiency communicated within the firm as a whole?” This question 

was followed up by letting the respondent provide specific examples. Based on the discussion, 

                                                           
5 Both interviewers had previous experience of working with industrial energy use and barriers to energy effi-
ciency measures. 
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the interviewer assessed and scored the answers according to pre-specified criterions. In the 

case of firm awareness the scoring was conducted based on the following: 

Score 1: the importance of energy efficiency is not communicated. 
Score 2: The firm relies solely on informal contacts to communicate the importance of 
energy efficiency. 
Score 3: The firm arranges occasional training in energy efficiency to staff members. 
Score 4: The firm arranges regular training in energy efficiency to staff members.
Score 5: The importance of energy efficiency is communicated heavily throughout the 
firm – it is part of the company culture. 

As was noted above, this scoring process was then repeated focusing on the situation in the 

firm about 8-10 years, i.e., specifically the situation in 2004 but no longer back than 2001. 

This question thus permits an analysis of whether PFE-participating firms are generally more 

aware of energy efficiency issues than those who do not participate. 

While the above question addresses the way energy efficiency is communicated within 

the firm as a whole, we also included questions about the extent to which the top management 

of the firm emphasizes the importance of energy efficiency. The following questions were 

posed: “(a) is energy efficiency a formal strategic goal in the company?”; and (b) is energy 

efficiency a (given) topic at top management meetings?” In brief a score of 1 represents “no 

top management awareness” whilst a score of 2 or 3 implies that these questions are discussed 

only occasionally at the top management meetings (once or twice per year), and that the top 

management has informal energy efficiency targets (or guidelines). A score of 4 or 5 indicates 

that these questions are discussed continuously, that formal energy efficiency goals exist and 

that energy efficiency is an important component of the business strategy.

The behavioral economics literature (e.g., DeCanio, 2000) emphasizes that the organi-

zational structure of the firm may influence attention to energy efficiency measures. For this 

reason the interviews included a question on whether the firm has someone in specific charge 

for energy issues (e.g., an energy manager) and since when. If this was the case then we also 

asked: “what other responsibilities (if any) does the environmental/energy manager have?” If 

the energy manager has several other responsibilities (such as personnel, production etc.) a 

low score is provided. For instance, a score of 3 is set in the case where he/she has two other 

responsibilities, while a score of 5 indicates that energy efficiency is his/her sole responsi-

bility. Several responsibilities indicate that less attention may be devoted to energy efficiency 

measures. 
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The scope for the energy manager to influence the firm’s investment behavior can in 

turn be dependent on the organizational structure and principal-agent problems. We therefore 

asked the following question: “how far below the CEO is this person (in the corporate hierar-

chy)?” If the energy manager is more than three levels below the CEO the score is 1, less than 

three but more than one results in a score of 3, whilst a score of 5 indicates that the energy 

manager reports directly to the CEO.

The interviews also covered questions about the extent to which energy audits are con-

ducted. If audits are conducted for separate departments, this may create incentives for these 

departments to keep their energy use down. For this reason, the respondents were asked: 

“does the firm audit/monitor the energy consumption in the production process?” If the firms 

respond positively, the following questions were added: (a) describe which types of energy 

flows that are monitored; (c) describe the system used; (c) how often do you monitor this?;

and (d) describe how the energy statistics are then used – what analyzes are performed? Give 

examples.” The respondent score was 1 if no such measures are undertaken, and 2 or 3 if 

measures are conducted monthly or yearly and if these result in analyses and suggestions for 

improvements (1-2 times per year). If the energy flows are closely monitored, such as by the 

hour and for every energy source, and if this energy use is reported daily or weekly and re-

sults in continuous analysis and suggestion for improvement, a score of 4 or 5 was provided.

The respondent was also asked to state if the firm has specific energy use goals for the 

production process and also, if yes, to specify how these goals have been formulated. We also 

asked if “energy efficiency is one criterion when making an investment.” In other words, we 

investigated if the firms have chosen one technology instead of another based on the former 

being more energy efficient than the latter. If energy efficiency is never or rarely considered 

when making an investment (due to other priorities), the score is 1 or 2. If the firm applies 

such a criterion and has been able to state examples thereof the score is 3. When the firm’s 

investment decision process was based on the use of the “best available technology” criterion 

(BAT) (with respect to energy efficiency) – and the respondent could exemplify this – the

score given was 4 or 5. 

The interviews included questions about process integration strategies and priorities, in-

cluding efforts to cooperate with, for instance, other industries or district heating networks 

(e.g., increased utilization of excess heat). Specifically, this discussion started off with the 

following question: “does the firm have any specific strategies aimed at finding economic and 

energy efficient system solutions?” This was an open question not being scored. The respon-
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dent had the ability to describe what strategies were being conducted (if any), and the out-

come of these.  

The last two questions addressed in this section concern the potential presence of boun-

ded rationality. Few economic studies empirically test different behavioral hypotheses to un-

cover whether there is a systematic bias in decision-making related to energy use.6 In the pre-

sent paper we operationalize bounded rationality as heuristic decision-making, i.e., where-in 

firms adopt a sequential decision-making process where they first narrow their full choice set 

to a smaller set by eliminating some investment alternatives that do not have some desired 

feature or aspect (e.g., cost above a certain level, reliability etc.), and then they optimize 

among the smaller choice set, possibly after eliminating further investment options. Speci-

fically, we asked the following question:

“Would you say that the firm systematically assesses all potential energy efficiency mea-

sures or is the decision-making process simplified in any way (through rules of thumb,

based on what currently works well, etc.)?”

In those cases where the respondent stated that decision-making is highly simplified and/or 

are based on technologies that currently work well the score is either 1 or 2. If the respondent

exemplifies that they make satisfactory, but not optimal considerations, the score is instead 3. 

If the decision-making process appears less characterized by bounded rationality, i.e., all op-

tions are seriously evaluated and investments are rejected or adopted due to, for example, a 

rational assessment of risk, the score was higher (4 or 5). 

The ‘hidden costs’ of energy efficiency investments refer to any costs which are not 

typically included within engineering economic models (e.g., overhead costs of energy mana-

gement, production disruptions, education of staff etc.). These costs may represent an impor-

tant barrier to energy efficiency investments. We investigated the presence of hidden costs by 

asking: 

“Are there any other costs, besides those directly related to the investment, that are taken 

into account when considering a potential energy efficiency investment? For instance, (a) 

the costs of production disruptions?; (b) the cost of hiring new staff/retraining the existing 

one?; and/or (c) the cost for identifying the opportunities; analyze their costs and the cost 

of procurement?”

                                                           
6 The existing studies focus primarily on consumer-decision-making (e.g., Hartman et al., 1991; Sanstad and 
Howarth, 1994; Friedman, 2002; Wilson and Dowlatbadi, 2007). 
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If the respondent cannot give any example (or only a few), which illustrate that such costs are 

considered, and hence barriers for the implementation of an investment, the score is 1 or 2. If 

such costs prevail occasionally the score is 3, thus suggesting that hidden costs may work as a 

barrier to an investment. At a score of 4 or 5 the respondent could give specific examples of 

the occurrences of such costs, which thus implied that an investment in energy efficiency had

been considered but not implemented due to the presence of these types of costs.

4. The Econometric Model: Specification and Estimation Issues
The data collected through the interviews permit us to display important differences in mana-

gement and decision-making practices across firms and over time. In this section we introduce 

an econometric model within which we take the analysis further, and combine the interview 

data with secondary firm-specific data from Statistics Sweden´s industrial statistics. 

The objective of the econometric analysis is to shed light on the inter-firm differences in 

energy savings following PFE in the presence of the selection mechanism inherent in the pro-

gram. Following Heckman (1976, 1979) and Greene (2012), we know that estimating an en-

ergy savings equation by OLS on a non-random sample will result in selection bias.7 We 

therefore apply a selection model, and first define the selection equation. In line with Greene 

(2012) an individual firm´s acceptance decision can be formalized as:

Step 1 - Selection mechanism:

= + , = 1  > 0 and 0 otherwise; [1]( = 1| ) =  ( ); and( = 0| ) =  1 ( )
where is a latent variable that decides whether or not a firm accepts the energy savings of-

fer obtained through PFE-participation. Since we do not observe this variable we use a di-

chotomous variable, , that takes either the value 0 or 1 based on the sign of the latent varia-

ble. Thus, if, for instance, a firm chooses to participate we have to assume that the program 

savings exceed the reservation savings > 0 and = 1. In addition, denotes the cumula-

tive normal distribution function, is a vector of observed variables influencing the partici-

pate/not-participate decision, is the associated parameter vector to be estimated, and is a 

stochastic error with mean zero representing the influence of unobserved variables affecting 

.

                                                           
7 A large amount of studies on sample selection bias have been conducted within the area of labor economics and 
different methodologies and methodological issues have been widely discussed (see e.g. Vella 1998). 
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The PFE-savings equation, here referred to as the outcome equation, can be expressed 

as: = + observed only if = 1, [2]( , )~ bivariate normal [0,0,1,  , ]

where denotes the electricity savings. As stated above, this equation is only observed if the 

latent variable is positive (i.e., the dichotomous variable is 1). Moreover, we assume that 

the error terms in both equations has a bivariate normal distribution with zero means and cor-

relation . This gives:[ |   ] = [ | > 0]= [ | > ]= + [ | > ]
Step 2 - Regression model[ | = 1] = + [3]

where is a vector of the set of variables that explains stated electricity savings ( ), is 

the associated vector of parameters, is the stochastic error, is the standard deviation of ,

and is the inverse of Mills ratio, i.e., ( )/ 1 ( ) where denotes the standard 

normal density function. The existence of in equation [3] reveals the omitted variable bias 

that will result if the outcome variable is formulated as in equation [2]. The t-test on the null 

hypothesis : = 0 is a test of the presence of sample selection bias.

In his paper Heckman (1979) demonstrated that equation [3] can be estimated in a two-

step procedure. In the first step, the selection equation [2] is estimated by the probit model –

using the entire sample (i.e., firms fulfilling the PFE-requirements). These estimates are used 

to estimate – the inverse of Mills ratio for each firm in the sample. In the second step, equa-

tion [3] could be estimated over the selected sample (i.e., firms participating in PFE) by ordi-

nary least squares, treating as the coefficient for . Such an approach results in consistent 

and asymptotically normal estimators of the parameters of the electricity savings regression 

equation (  ).

However, this two-step procedure may not be efficient. The problem of inflated stan-

dard errors (i.e., inefficiency) has been widely recognized by researchers. Nawata and Nagase 

(1996) compare the finite sample properties of this so-called Heckit method and the maximum 

likelihood estimator, and conclude that if the selection (probit) equation in [1] and the energy 
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savings equation [3] have a substantial number of variables in common the Heckit estimator is 

not the desired choice. This is indeed what we have in our model specification, so instead our 

model is estimated by maximum likelihood methods using the data software STATA. This 

results in consistent and asymptotically efficient estimators that have an asymptotic normal 

distribution. In addition, the maximum likelihood method produces a direct estimate of the 

correlation coefficient .

Finally, one should note that we actually have two selection effects. Sample selection 

bias arises when some part of the participation decision is relevant to the savings-determining 

process, i.e., when some of the determinants of the participation decision are also affecting the 

electricity savings. When the relationship between the participation decision and the savings 

is purely through the observables, we can however control for this by including the appro-

priate conditioning variables in the electricity savings equation. Instead the primary selection 

problem arises because these firms may differ in significant unmeasured ways from the firms 

that do not attend the program. As Vella (1998) puts it:

“The possibility of sample selection bias arises whenever one examines a subsample and 

the unobservable factors determining inclusion in the subsample are correlated with the 

unobservable influencing the variable of primary interest.” (p. 129)

The independent variables used in the econometric analysis are presented in Table 1. Our fo-

cus is on the first program period (2005-2009), and for our purposes the data are divided into 

two time periods, past and present. The former (“past”) represents the situation at the time of 

deciding whether to join PFE or not. Almost every firm in the sample enrolled the program in 

the year 2004 while a few joined in the year after (2005). The latter time period (“present”)

signifies the post-PFE period. Since the reported electricity saving is a yearly measure, we 

calculated firm-specific year-average (2005-2009) electricity intensities, and electricity use 

for the electricity saving equation. Similarly, for the interview variables the “past” score rep-

resents the year of enrollment whilst the present score represents a typical “program savings 

year”. This is in line with Rivera et al. (2006), which highlight that the analysis of voluntary 

programs can not only cover distinct parts of the program period.

The information on electricity intensity ( / ) and electricity use ( ) was collected 

from Statistics Sweden Industrial statistics, while the self-reported electricity savings were 

obtained from the Swedish Energy Agency (2012g). In both steps we included industry dum-

my variables to control for time-invariant differences in technology, output markets etc. 
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Table 1: Variable Definitions and Descriptive Statistics

Variables Definition and coding Mean Std. Dev. Min Max

Dependent variables

Decision to participate 1 if the firms chose to participate in PFE,
and 0 if not

0.58 0.50 0.00 1.00

Electricity savings Self-reported electricity savings at the firm 
level during the first PFE period (MWh)

8601 14199 0 69588

Independent variables

Past electricity intensi-
ty ( ) Past electricity use (MWh) divided by 

gross output (kSEK) 
0.14 0.15 0.01 0.63

Present electricity 
intensity ( ) Present electricity use (MWh) divided by 

gross output (kSEK)
0.13 0.14 0.01 0.63

Past electricity use ( 1) Past electricity use (GWh) 339 485 4 2330

Present electricity use ( 2) Present electricity use (GWh) 338 504 4 2467

Past top management 
awareness ( 1) Past awareness of energy efficiency within 

top management. 
1.89 0.87 1 5

Past distance to CEO ( 1) Number of levels between the energy 
manager and the CEO in the past. 

3.11 1.41 1 5

Past responsibilities ( 1) Number of energy manager responsibilities 
in the past. 

1.99 1.25 1 5

Present rationality ( 2) Present degree of systematic EE behavior 
within a firm 

3.47 1.21 1 5

Past hidden costs ( 1) Past consideration of hidden costs associ-
ated with a EE investment

3.30 1.29 1 5

Present hidden costs ( 2) Present consideration of hidden costs asso-
ciated with a EE investment

3.59 1.29 1 5

As is illustrated by Table 1, not all variables are used in both steps of the econometric model. 

Overall we hypothesize that different (“past”) organizational characteristics are important for 

the decision to join PFE or not, such as top management awareness, short organizational dis-

tance between the energy manager and the CEO, and the number of responsibilities for the 

former. If a firm already scored high on these variables, relatively little effort will likely be 

needed to fulfill the requirements of PFE. The likelihood of that firm joining PFE will thus 

(ceteris paribus) be higher. This likelihood can also be expected to increase with higher elec-

tricity use and electricity intensity, since there then is relatively much to gain in terms of re-

duced tax expenses. The reported electricity savings, we hypothesize, will be determined by 

different decision-making practices at the firm level. These include, for instance, the attention 

devoted to hidden costs and the presence of bounded rationality. Electricity and electricity 

intensity will be important also here, since high values for these variables may indicate a rela-

tively large potential for identifying energy efficiency measures. 
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5. Empirical Results
In this section we present the empirical results from the interview study (section 5.1) and the 

model estimates (section 5.2). Section 5.1 presents descriptive results from the interviews, 

highlighting in particular differences in management and decision-making practices across 

firms participating and not participating in PFE. In section 5.2 we outline and discuss the re-

sults from the econometric model, which shed additional light on whether differences across 

firms can explain the outcomes of PFE. 

5.1 Firm Practices and Barriers to Energy Efficiency in PFE-eligible Firms
The results are presented making a distinction between PFE participants and non-participants 

on the one hand and past and present scores on the other. Figure 3 shows the average scores of 

different potential barriers and management practices based on the 73 firms eligible for PFE 

participation. In Figure 3, “Aware” and “TM-aware” are shorts for firm and top management 

awareness, respectively. 

Figure 3: Past and Present Scores for PFE Participants versus non-PFE Firms

5.1.1 Firm and Top Management Awareness

Studying Figure 3 it is obvious that the firm and top management awareness of energy effi-

ciency issues has increased significantly compared to the situation prior to PFE. This trend is 

valid for both categories of firms, participants and non-participants, and in the interviews the

respondents gave similar examples on how the awareness has changed. Thus, both groups are 

today educating their employees in energy efficiency issues through, for example, courses,

reports and meetings. However, the magnitude and the continuity of these efforts differ across 

firms. In some cases these efforts is more of a “one time event”, whilst the efforts are more 

regular in others. Often the personnel are being informed through different internal channels 
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that, for instance, monitor current energy use. In this manner, firms document their “energy 

efforts” by publishing it on home pages and in internal newspapers or in reports. Others have

bulletin boards where the current energy use is clearly addressed, whilst others have boards on 

their production floors making each employee aware of the energy use patterns. Other firms 

provide their different plants with updated energy figures as a constant remainder of the target 

to reduce energy.

The top managers see energy efficiency as a key issue, which is discussed jointly with 

other key targets. Hence, energy is debated regularly on top management meetings. More than 

70 percent of the firms discuss an evaluate energy efficiency issues more than twice a year. 

Yet other firms have special energy meetings in which these questions are the only once dis-

cussed. One of the topics on such meetings may be the energy management system. There is 

no significant difference between participating and non-participating firms in this respect. 

One reason for this is that both groups state that rising energy prices have created incentives

for being more aware. As one respondent put it; “the top managers got very aware when they 

saw the economic effects of the energy savings”.  Another respondent stated that: “the aware-

ness has increased due to increasing energy costs – it is pure logic to be more aware”. 

Comparing firm awareness and top management awareness, respectively, between par-

ticipants and non-participants, we find that the non-participating firms were slightly more 

aware in the past and that this difference has persisted. These differences are however too 

small to be statistically significant. One may note, though, that among the non-participating 

firms there is a larger spread in top management awareness. For instance, a larger share of the 

non-participating firms received a low (present) score of 1 or 2 (16 percent) compared to par-

ticipating firms (7 percent), but also a higher score of 4 or 5 (71 percent compared to 66 per-

cent for the participating firms). 

5.1.2 Number of Responsibilities and Distance to CEO

The questions concerning “number of responsibilities” of the energy manager and “distance to 

CEO” (DCEO) received straightforward answers. Figure 3 shows that over time we see an 

improvement in the former variable in that the energy managers today generally can focus 

more exclusively on energy efficiency issues. However, for this variable there is a significant 

difference between PFE-participating firms and non-participating firms. The latter group 

overall scored worse on this indicator. Figure 4 provides a more detailed picture of these 

scores. 
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Figure 4: Number of Responsibilities of the Energy Managers: Frequency of Scores

In the past, energy managers had more than two other responsibilities besides energy in a ma-

jority of the firms (i.e., score=1), and especially so in the firms not subsequently participating 

in PFE. In the non-participating group 75 percent of the firms scored 1 on this question, while 

the corresponding share was 56 percent in the participating group. At the present the energy 

managers generally have fewer responsibilities; in 41 percent of the participating firms energy 

is now the energy managers’ sole responsibility (i.e., score=5). In the non-participating group 

most energy managers now have one or two other responsibilities besides energy management

(i.e., score=3). Thus, this indicates that the energy managers in the PFE-participating firms 

may allocate more time to energy efficiency issues. 

Figure 3 shows that the hierarchical distance between the energy manager and the CEO 

has only improved (i.e., decreased) slightly in the PFE-participating firms, while a more sig-

nificant improvement is found for the non-participating firms. Figure 5, which displays a 

more detailed picture of the frequency of scores, illustrates that in the past almost a third of 

the non-participating firms had an energy manager who worked more than three levels below 

the CEO whilst among the participating firms more than one third had an energy manager 

reporting directly to the CEO. Presently about 50-60 percent of all firms have an energy man-

ager working two or three levels below the CEO. The non-participating firms in fact stand out 

somewhat in that energy managers reporting directly to the CEO are now more frequently 

found in non-participating firms. This suggests, thus, that PFE in itself may not have led to a 

reduction in the hierarchical distance between the energy manager and the CEO. 
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Figure 5: Hierarchical Distance between Energy Manager and CEO: Frequency of Scores

5.1.3 Energy Audits

A number of the PFE-participants stressed that the program has made them start to work more 

seriously with energy efficiency issues. Others argued instead that they would have worked 

systematically with energy efficiency issues in any case due to rising energy costs. Still, these 

firms note, PFE have overall improved the methods used, not the least through the program’s

requirement for energy audits. 

Figure 3 shows that the energy audits are generally of a higher quality in PFE-participa-

ting firms than in non-participating firms. This means, for instance, that the methods are more 

sophisticated, applied more frequently, and the results are followed up more closely. In the 

non-participating firms, the audits were more frequently lacking in detail or in some instances 

conducted only for certain parts of the process. Some of the non-participants stressed in the 

interviews that they have considered participating in order to be forced to improve their ener-

gy audits and reap some of the economic benefits from undertaking such measures. Other 

studies also show that although the audits and energy management systems initially were per-

ceived as “burdens”, they have revealed large potentials for improved energy efficiency and 

cost savings. In this sense the managers’ focus shifted from tax credits towards energy effi-

ciency potentials (CIT Industrial Energy Analysis, 2008). 

Moreover, some of the participating firms mentioned that the present use of more so-

phisticated measurement techniques allow not only for detailed monitoring of energy use in 

the firm, but also for a more direct adjustment of energy use. Others state that the measure-

ment techniques are the same (as in the past), but that the work now is more structured. For 
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instance, the measurements are followed up more frequently. Some of the PFE-participating 

firms found that the use of external consultants conducting the audits had been very helpful. 

However, other stated that these consultants instead lacked the required knowledge about the 

production process, and hence could not identify profitable energy efficiency measures. The 

latter observation is in line with some of the experiences of the Danish voluntary program 

(Johanssen, 2002). 

5.1.4 The Presence of Bounded Rationality

Figure 3 shows that that there is presently some evidence of bounded rationality on the part of 

firms although overall our sample firms appear to work systematically with energy efficiency 

issues and seriously consider – and assess – a wide range of energy solutions. The figure also 

displays a significant improvement in the corresponding score over time both in PFE-partici-

pating and non-participating firms. The present score for both subgroups is about twice as 

high compared to the past score. Overall, though, the PFE firms perform slightly better. 

Many responding firms state that energy efficiency is more prioritized today and for this 

reason such investments are more systematically assessed. They mention internal pressure 

from accountants and/or the top management as reasons for the improvement of their way of 

evaluating different energy efficiency options. The accountants have put pressure on a better 

documentation of these evaluations, while the top managers have required the evaluations to 

become more thorough. One respondent suggested that a change in ownership had improved

the situation, this since the previous owner wanted it to “go much faster” and for that reason 

demanded “short-cuts”.  

Expectations from the board together with PFE requirements are factors putting pres-

sure on a thorough analysis of different energy efficiency measures. For this reason, the firms 

suggest that they have clear guidelines for how to work through different alternatives. Still,

some of the respondents – representing both participating and non-participating firms – could 

give clear examples of the use of rules-of-thumb and/or choosing alternatives that are known 

to work satisfactory (rather than optimal). Non-participating firms did (on average) choose 

such “short-cuts” more frequently. The non-participating firms displayed an average present 

score of 3.2 compared to 3.7 for the PFE-participants (see Figure 3). In addition, the energy 

managers in the non-participating firms experienced greater difficulty in getting top managers 

to comprehend and accept the economic benefits of undertaking certain energy efficiency 

measures. 
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5.1.5 Hidden Costs 

The different hidden costs of energy efficiency investments are overall considered important 

to address, and this was also the case prior to the PFE start in 2005 (Figure 3). These costs are 

on average of a slightly larger concern for PFE-participating firms than for non-participating 

firms. For instance, 32 percent of the non-participating firms paid little or no attention to such 

costs, while the corresponding share was 23 percent for the participating firms. 

Still, a majority of both participating and non-participating firms argue that hidden costs 

can represent important barriers to energy efficiency. Many firms argue that investments will 

be rejected if they disrupt the production. If a potential investment saves a lot of energy, and 

hence decreases energy costs but results in costly product disruptions it will often not be con-

sidered. Hence, investments are not evaluated in isolation. As one firm puts it: “product losses 

are not to happen; risky technologies are therefore immediately rejected.” In other words, reli-

able production processes are typically of the highest priority, and large energy efficiency 

measures are only undertaken if they can be conducted in conjunction with planned produc-

tion shutdowns and/or if other plants can compensate for the loss in production. 

Most of the non-participating firms are very aware of the PFE program, but have active-

ly chosen not to participate. One argument for this is the presence of perceived high transac-

tion costs, thus having to work administratively with the program and taking resources away 

from the daily operations. Others claimed instead that the program requirements have been

too far-reaching (and expensive) relative to their expected rates of return. 

5.1.6 Energy Efficiency as an Investment Criterion

The firms participating in PFE typically consider energy efficiency when making a new in-

vestment. Their average score on this question was 4.1, which could be compared to the non-

participating firms for which the average score was 3.6.  Overall the PFE program has pushed 

the criterion further up in the priority order, and many PFE-firms (45 percent) choose invest-

ments using the best available technology (BAT) criterion in terms of energy efficiency (Fig-

ure 6). Even though many firms apply BAT, many firms do not. Instead these argue that ener-

gy efficiency is often not a first priority when choosing among potential investments; instead 

overall cost effectiveness is of the highest concern. 

A majority of firms in both subgroups stated that they require pay-off periods on energy 

efficiency investments no longer than three years, while some argued that the pay-off periods 

had to be even shorter (between one and two years). For this reason – and in line with the dis-
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cussion in Swedish Energy Agency (2011) – most energy efficiency improvements have been

carried out in various auxiliary systems such as pump systems, electric motors, fan systems, 

lighting etc. Still, some firms also described investments made in the production process, and 

a few other firms could employ longer payback periods (between five and ten years) “if the 

project is good”. 

Figure 6: Energy Efficiency as an Investment Criterion: Frequency of Scores

The firms conclude that larger energy efficiency investments are hard to recoup due to high 

rate-of-return requirements, and this is a pattern found for both PFE-participating and non-

participating firms. Hence, these investments compete with other investments, and technolo-

gies that do not interfere with product quality or reliability are typically given priority. One 

respondent stressed: “if the equipment is working, energy efficiency investments are most 

often rejected due to their risk and hence their requirements for a relatively high rate-of-

return.”

5.1.7 The System Perspective

The respondents had the opportunity to describe important energy efficiency measures that 

rely on a broader system perspective, i.e., process integration activities and cooperation with 

other industries and energy firms (e.g., making use of excess heat). Many of the respondents –

both PFE-participants and non-participants – declared the lack of such a perspective. Howev-

er, a few PFE-participating firms argued that they have employees working with “system per-

spective” issues, e.g., life cycle cost (LCC) analysis and Pinch analysis. In non-participating 

firms, LCC analyzes were less frequently mentioned and, overall, the non-participating firms

were less able (or eager) to discuss (or give examples) on this question.
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5.2Results from the Econometric Model 
The estimation results presented in this section incorporates 42 PFE-participating firms and 

31 non-participating firms. Table 2 presents the maximum likelihood estimates of the Heck-

man selection model. In the model the estimated correlation coefficient is 1.00; its chi-

square test statistic is 28.88, which is far above the 99 percent critical level for chi square with 

one degree of freedom (i.e., 6.63). Hence, the correlation coefficient is highly statistically 

significant and we can thus reject the null hypothesis of no sample selection bias. With a chi-

square of 137, the null hypothesis that all coefficients are jointly statistically insignificant 

could be rejected at the one percent level. 

Table 2: Maximum Likelihood Estimates of the Heckman Selection Model*

*, **, and *** indicate statistical significance at the 10, 5 and 1 percent levels, respectively.

Table 2 shows that the probability of PFE-participation does not appear to increase with in-

creased top management awareness. This is in line with the descriptive analysis in section 

Accept or reject PFE participation- selection mechanism

Variables Coefficient p-values
Constant ***-4.162 0.000
Top management awareness ( 1) 0.229 0.209
Number of responsibilities ( 1) ***0.163 0.001
Distance to CEO ( 1) ***0.324 0.000
Electricity intensity ( 1/ 1) ***7.347 0.000
Electricity use  ( 1) **0.00140 0.014
Hidden costs ( 1) ***0.233 0.000
Industry sector  1 ( 1) 0.394 0.656
Industry sector  2 ( 2) 0.605 0.270
Industry sector  3 ( 3) 1.009 0.108
Industry sector  4 ( 4) 0.600 0.179
Industry sector  5 ( 5) 0.041 0.938

Determinants of self-reported electricity savings

Variables Coefficient p-values
Constant ***-11119.700 0.0016
Hidden costs ( 2) **-888.301 0.018
Rationality ( 2) **3128.951 0.014
Electricity intensity ( 2/ 2) *23112.720 0.051
Electricity use  ( 2) ***15.700 0.000
Industry sector  1 ( 1) ***20608.160 0.009
Industry sector  2 ( 2) -2229.833 0.672
Industry sector  3 ( 3) 4988.921 0.334
Industry sector  4 ( 4) 4057.729 0.386
Industry sector  5 ( 5) -4738.687 0.351

Rho ( ) 1.000

Number of observations: 73, Log-likelihood: -454 and chi-squared: 137
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5.1.1 illustrating that firms that decided to participate in the program had only slightly higher 

top management awareness than firms that decided not to participate. However, the energy 

managers in the participating group generally had fewer responsibilities and worked more 

closely to the CEO (at the time of joining PFE). In other words, fewer responsibilities and a 

decreasing distance to the CEO increases the probability of attending the program. This in 

part supports the argument that PFE may primarily have attracted firms that already had im-

plemented management practices that support energy efficiency measures. 

Moreover, the probability for participation increases with increasing electricity intensity

and increasing electricity use. The results indicate, as has already been suggested by Henriks-

son and Söderholm (2009), that the voluntary concept of the program result in firms with high 

electricity costs being overrepresented among the PFE participants. This result is far from 

unproblematic from a policy perspective. The presence of information inefficiencies and 

asymmetries represent one of the major motives for policy intervention in the industrial ener-

gy efficiency field, but the substitution of energy management systems (as part of PFE) for 

electricity taxes may not address these asymmetries cost-effectively. This conclusion arises 

from the fact that the set-up of voluntary programs only induces energy-intensive companies 

to participate in the programs, and these companies have generally paid relatively lot of atten-

tion to energy efficiency measures in the past. The reduced energy tax (viewed in isolation) 

even lessens the incentive to decrease energy use in energy-intensive firms, although this ef-

fect is likely to be relatively small (Henriksson et al., 2012).8

Moreover, the non-participating firms may in turn be unlikely to implement energy effi-

ciency measures as a response to the remaining energy tax. As their energy cost share is low, 

the economic effects of the tax on these companies will be limited. Furthermore, due to the 

limited prior experience in energy efficiency work, these less energy-intensive firms could 

lack the know-how or the management practices needed to identify and implement energy-

saving measures, unless offered some technical assistance such as when implementing an 

EMS, etc. This reduces the cost-effectiveness of the voluntary agreement scheme. Finally on 

the selection mechanism, the results show that increasing concerns for hidden costs increased 

the probability of joining PFE. None of the industry dummy variables are found to be statisti-

cally significant, thus implying that industry sector have not affected the decision to partici-

pate or not (after having controlled for the energy intensity and energy use of the firms).

                                                           
8 The effect of economic incentives on energy use is well founded in economic theory and empirical studies. See,
for instance, Lutz et al. (2005), Gillingham et al. (2009), Andersson and Newell (2004) and Popp (2002).
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We now turn our attention to the determinants of the self-reported electricity savings. 

The first program period of PFE coincided with a period of rising electricity prices. In this 

context, Johansson et al. (2007) stress that energy audits and energy management systems

may represent valuable tools in the efforts to try to slow down an accelerating cost trend. Our 

findings tend to support this notion in that firms that systematically have evaluated all energy 

efficiency measures (and thus show little evidence of bounded rationality) did report higher 

electricity savings during the first program period. However, the presence of – and higher 

attention devoted to – hidden costs implies lower electricity savings since energy efficiency 

measures are associated with, for instance, production disruptions. 

Finally, the PFE-participating firms that have relatively high electricity intensities and 

electricity use levels, respectively, overall report higher electricity savings. Both these effects 

are statistically significant (at least at the ten percent level). This result is consistent with the 

hypothesis that firms with high electricity use levels (i.e., large firms in electricity-intensive 

industries such as pulp and paper) have overall a larger potential for identifying energy effi-

ciency measures. 

6. Concluding Remarks
This paper has analyzed inter-firm differences in management and decision-making practices 

in the context of the voluntary energy efficiency program PFE in Sweden. Unlike previous 

research efforts we have explicitly addressed the role of self-selection in understanding pro-

gram outcomes. The focus has been on the first program period (2005-2009). The empirical 

results show large increases in the awareness of energy efficiency issues within firms and 

their top managements during the least 8-10 years. However, this increase cannot primarily be 

attributed to the PFE program; the results even suggest that firm awareness has been slightly 

higher in non-participating firms. Instead rising energy costs during the period increased this 

awareness, particularly in the case of the attention devoted to energy efficiency issues by the 

top management. 

Moreover, our model estimations show that the probability for participation in PFE and 

the level of self-reported energy savings for those who participate tend to increase with in-

creased electricity intensity and electricity use. In this respect, our paper provides support for 

the notion that economic incentives are large motivators for energy efficiency improvements. 

Higher energy intensities indicate higher energy costs, and therefore stronger incentives to 

decrease the energy use. For this reason some cost-effectiveness problems are likely to prevail 
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with the current design of the program. Firms that have already picked the “lower hanging 

fruits” (i.e., the low cost energy efficiency measures) are more likely to participate.

Specifically, the process of self-selection leads to two things. First, the presence of 

firm-regulator information asymmetries implies that electricity taxes could do a better job in 

energy-intensive companies while an energy management system could be more effective in 

companies with a low energy-intensive production process due to the lack of prior experience 

of energy efficiency measures. However, the current set-up of PFE induces the reverse situa-

tion. Second, although firm-internal information asymmetries may well exist in the participat-

ing energy-intensive companies – implying that energy management systems could do a good 

job in detecting cost-effective measures – this is likely to be even more true for the non-

participating companies (again due to their comparatively low accumulated knowledge stock 

in the energy efficiency field). These latter companies however continue to pay the tax, which 

though may have only limited impacts.

In the empirical investigation we also find support for the notion that organizational 

structure could affect the probability of participation. Our model estimations show that firms 

in which the energy manager has fewer responsibilities and works closer to the CEO are more 

likely to participate in the program. Again, this supports the argument that PFE may primarily 

have attracted firms that already had implemented management practices supporting energy 

efficiency measures.

 In line with the program requirements, the participating firms conduct LCC analysis, 

apply BAT and have pay-back periods of no longer than three years for energy efficiency 

measures. Since energy efficiency is prioritized many firms also work more systematically 

with these questions, and to a lesser extent they apply “rules-of-thumb” or other “short-cuts”

in the decision-making process. Our econometric model estimations also indicate that the less 

the PFE-participating firms’ decision-making is characterized by bounded rationality, the 

higher are the self-reported electricity savings during the first program period. Still, many of 

the investments in energy efficiency are of a “support system character”. Larger energy effi-

ciency investments with longer pay-back periods are less common. Also, the fear of product 

disruptions or shut downs are often considered, and typically work as important barriers to

such investments. 
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Appendix A: Testing for the Presence of Potential Interviewer Bias
In this paper, the data collection differs from other survey studies since the task of scoring 
responses has been allocated to the interviewer. We thereby eliminate respondent survey bias,
and instead we have to consider potential problems of interviewer bias. In the study a single 
interviewer conducted all interviews (a total of 101). In addition, 11 of the interviews were 
conducted with a second interviewer present, who also listed and independently scored the 
answers. Figure A1 reports the average firm score by interviewer 1 in relation to the average 
firm score by interviewer 2 (based on a total of 10 questions). The plot in Figure A1 shows a 
strong positive relationship between the scoring of interviewer 1 and interviewer 2. 
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Figure A1: Average Score per Firm and Interviewer

Table A1 presents the “per question-results” of the double scoring as well as the correlation 
between the two scores recorded. The correlation between the scores ranges between 0.78 and 
1.00, thus suggesting that the interviewer bias is negligible. In Table A1, the abbreviations 
“I1S” and “I2S” denote “Interviewer 1 Score” and “Interviewer 2 Score”, while “Q” is short
for question.9 The correlation of 1.00 for the questions 7-10 deserves a comment. These ques-
tions are relatively straightforward; questions 7 and 8 concern the number of other responsi-
bilities (“several”,” two” or “no other”) pertained by the energy manager, while questions 9 
and 10 concern the distance (“more than 3”, “2-3”, or “1”) between the CEO and the energy 
manager. Hence, the relative ease of scoring these questions, although requiring some amount 
                                                           
9 Table A1 does not contain all questions due to either missing observations or as a result of the design of the 
questions (e.g., yes/no questions).
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of judgment, in part explains the correlation of 1.00 between interviewer 1 and interviewer 2 
scores.

Table A1: Double Scoring Results by Question

Q1: Firm awareness I1S I2S Q3: Top management awareness I1S I2S
Firm 1 2 3 Firm 1 5 4
Firm 2 1 1 Firm 2 3 4
Firm 3 3 3 Firm 3 2 3
Firm 4 3 3 Firm 4 2 2
Firm 5 4 4 Firm 5 4 5
Firm 6 3 3 Firm 6 3 4
Firm 7 4 4 Firm 7 4 4
Firm 8 4 3 Firm 8 5 5
Firm 9 5 5 Firm 9 5 5
Firm 10 1 2 Firm 10 3 3
Firm 11 3 4 Firm 11 5 5
Mean 3.00 3.18 Mean 3.73 4.00
Correlation: 0.88 Correlation: 0.84
Q7: No. responsibilities - today I1S I2S Q8: No. Responsibilities - previously I1S I2S
Firm 1 5 5 Firm 1 3 3
Firm 2 3 3 Firm 2 3 3
Firm 3 5 5 Firm 3 3 3
Firm 4 5 5 Firm 4 5 5
Firm 5 5 5 Firm 5 3 3
Firm 6 5 5 Firm 6 5 5
Firm 7 1 1 Firm 7 1 1
Firm 8 5 5 Firm 8 1 1
Firm 9 1 1 Firm 9 1 1
Firm 10 3 3 Firm 10 3 3
Firm 11 3 3 Firm 11 3 3
Mean 3.73 3.73 Mean 2.82 2.82
Correlation: 1.00 Correlation: 1.00
Q9: Distance to CEO - today I1S I2S Q10: Distance to CEO - previously I1S I2S
Firm 1 3 3 Firm 1 3 3
Firm 2 3 3 Firm 2 5 5
Firm 3 5 5 Firm 3 3 3
Firm 4 5 5 Firm 4 3 3
Firm 5 3 3 Firm 5 1 1
Firm 6 5 5 Firm 6 5 5
Firm 7 5 5 Firm 7 5 5
Firm 8 3 3 Firm 8 5 5
Firm 9 3 3 Firm 9 3 3
Firm 10 3 3 Firm 10 1 1
Firm 11 3 3 Firm 11 5 5
Mean 3.73 3.73 Mean 3.55 3.55
Correlation: 1.00 Correlation: 1.00
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Q11: Audit/analysis I1S I2S Q15: EE as an investment criteria I1S I2S
Firm 1 5 5 Firm 1 3 3
Firm 2 2 3 Firm 2 3 3
Firm 3 3 3 Firm 3 3 3
Firm 4 3 3 Firm 4 4 4
Firm 5 4 4 Firm 5 4 5
Firm 6 5 5 Firm 6 4 5
Firm 7 3 3 Firm 7 4 4
Firm 8 5 4 Firm 8 5 4
Firm 9 2 3 Firm 9 2 3
Firm 10 3 3 Firm 10 2 3
Firm 11 5 5 Firm 11 5 5
Mean 3.64 3.73 Mean 3.55 3.82
Correlation: 0.91 Correlation: 0.78
Q24: Rationality I1S I2S Q28: Hidden costs I1S I2S
Firm 1 3 4 Firm 1 1 2
Firm 2 2 3 Firm 2 4 4
Firm 3 3 3 Firm 3 3 2
Firm 4 2 3 Firm 4 2 2
Firm 5 5 5 Firm 5 3 3
Firm 6 4 3 Firm 6 3 2
Firm 7 5 4 Firm 7 4 4
Firm 8 2 3 Firm 8 5 4
Firm 9 5 4 Firm 9 5 5
Firm 10 2 2 Firm 10 4 5
Firm 11 5 5 Firm 11 5 5
Mean 3.46 3.55 Mean 3.55 3.46
Correlation: 0.80 Correlation: 0.85

Note: the answers were graded on a scale from 1 to 5. Q1 and Q3: high score = high awareness; Q7 and Q8: high 
score = few other responsibilities; Q8 and Q9: high score = few organizational levels between energy manager 
and CEO; Q11: high score = thorough audits/analyzes are pertained; Q15: high score = energy efficiency is an
important investment criteria; Q24: high score = rational behavior; Q28: high score = hidden costs are consid-
ered and act as a barrier.

Table A1 demonstrates that the double-scored firms differ slightly from the total sample (see 
Table 2). On average they have high top management awareness of energy efficiency issues, 
has energy managers with few other responsibilities that work less than two levels below the 
CEO. The average firm conducts audits and analyzes on a production process basis, has ener-
gy efficiency as a criteria when making investments, acts rational in some occasions, while 
not in others, and finally, the average double scored firm often accounts for all costs, hence 
also the “hidden” ones – whereby the latter may result in some energy efficiency investments 
not being realized. 
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a b s t r a c t

Increasing the share of renewable energy is of principal concern for the EU energy policy. A number of
policies have been adopted, and, in part, been implemented by the EU member countries. An increasing
share of renewable energy implies an increasing utilisation of biofuels in general and of forest-based
biomass in particular. However, in the EU, the endowment and uses of forest-base biomass are diverse
suggesting that an increasing trade would become necessary in order to cost effectively increase the
utilisation of forest-based biomass. The purpose of this study is to, in the presence of EU energy policy,
quantify and analyse possible trade levels for forest fuels in the EU. Particularly, the consequences on
trade after implementing the White Paper and the RES-E Directive are analysed. Investigating the
European trade in forest fuels is important for understanding how industry sectors in the EU will be
affected by the policies. The results suggest that the implementation of the White Paper and the RES-E
Directive will increase the trade in forest fuels, resulting in total trade increases of up to 67 percent.
Furthermore, the national net trading levels are possible to derive. Depending on policy implementation
the results differ – a country that was net importing given the White Paper implementation can instead
be net exporting when applying the RES-E Directive. The fact that the policy implementations will
increase the trade may mitigate potential industry problems to secure the needed inputs. On the other
hand, the integration of countries increases the possibility for some industries to increase their
production even more, possibly strengthening any input scarcity problems. It is therefore not possible to
generally conclude if a more integrated European forest fuel market, and hence an increased European
forest fuel trade, will mitigate industry problems to secure their needed inputs or not.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Trade liberalisation, economic growth and increasing environ-
mental concern have, amongst other issues, created ample subject
matter for trade analysis. Major issues arising from the growing
importance of forest product trade include affects on input
competitive industries, biodiversity protection, global warming,
forest sustainability and the hardening of trade blocs (see e.g. [29]
for issues regarding world trade in forest products). Furthermore,
an increasing demand for forest-based biomass, not least from the
energy sector, has several implications on the direction and
magnitude of their trade. The increasing demand originates from
an overall economic growth but is also, in many aspects, driven by
policy decisions. In the European Union (EU) there is a desire to
increase the share of renewable energy in its energy mix (of which
forest-based biomass constitutes a significant part). As a conse-
quence, both EU and national energy policies have been

implemented that support the use of forest-based biomass for
energy purposes. For instance, in 1999 approximately 46 percent of
the biomass used for energy in EU19 originated from the forestry
sector [2]. With an increasing demand, imports have become an
alternative supply source for many users and the traditionally local/
regional markets have started to transform towards a more inter-
national orientation [20]. The purpose of this study is to develop
a numerical simulationmodel of the European trade in forest-based
biomass in order to assess possible changes in the trade patterns
arising from the implementation of different EU energy policies.
The development of European trade in forest-based biomass might
improve the possibility to cost effectively reach EU energy policy
goals. Consequently, the analysis of European forest-based biomass
trade is an important input for understanding how selected parts of
the European economies will be affected by the EU policies aimed
at promoting the use of renewable energy sources.

Figs. 1–3 depict the development of net exports of wood fuels,
chips & particles and roundwood, respectively, in 1994, 2000 and
2006 for the EU countries listed. On average there is more variation
in the trade volume of roundwood than in the trade volumes of
chips & particles and wood fuel. However, a clearer trend towards
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increasing or decrease the net trade can be observed for chips &
particles and wood fuel within a number of countries compared to
for roundwood. In fact, the countries can be divided into two
categories according to their net exports. The first group of coun-
tries shows evidence of an increasing or decreasing net trade. For
wood fuel these countries are Czech Republic, Spain, Denmark,
Finland and Italy; for chips & particles Germany, Latvia, Estonia,
Portugal, Denmark, Spain, Finland, Sweden and Italy and; for
roundwood Poland, Spain, Austria and Finland.

The other group of countries exhibits either a stagnant trend or
a shift in the tradedirection. Italy, Slovakia, Latvia, France, Estoniaand
Sweden have improved their relative trade balances in roundwood
moving towards a higher degree of self-sufficiency, while Hungary,
SlovakiaandEstonia exhibit the samepattern forwood fuel. For chips
& particles the net trade has increased for all countries, with the
exception for France, the Netherlands and Belgium, suggesting that
the domestic markets depend to a higher degree on trade.

2. Trade theory and modelling

In general, the magnitude and direction of the trade flows of
forest-based biomass are determined by several factors, for
instance: (1) geography (e.g., distance); (2) size of the economies
(e.g., demand); (3) character of forest endowments (e.g., supply)
and; (4) policies (e.g., tax, subsidies, regulations). Classical trade
theory prescribes that trade occurs because there are differences
among trading partners in their relative costs of production. In
forest products, empirical research based on theoretical and
applied work done by Vanek [47] and Leamer [35] suggests that the
principal factor determining the direction and magnitude of net
trade is the size of a country’s forest endowment relative to the size
of its economy [9,40].1

Trade modelling approaches for evaluating effects of policies
usually fall into three categories: computable general equilibrium,
spatial partial equilibrium, and non-spatial partial equilibrium.
Each approach has its own particular uses, advantages, and disad-
vantages. Computable general equilibrium (CGE) models provide
answers to questions about policies at the level of whole sectors
and economies. An advantage of CGE models is that they include all
sectors of an economy thus providing an analytical framework of
how a specific policy might affect both prices and quantities of all
affected markets. Second, the effects of trade changes can be
measured in terms of aggregate national economic welfare. The
primary weakness of CGE models is their lack of model resolution.

Due to tradeoffs between model accuracy and size on the one hand
and model resolution on the other, the effects at the sub-sector
levels are usually not revealed. This means that it is difficult to
evaluate the effects of policies on specific products.

Partial equilibrium models assume that the feedback from sec-
toral changes to aggregate variables is negligible thus allowing
amore detailed analysis of the affect a specific policy might have on
commodity markets. Spatial partial equilibrium models have been
used to study the effects of trade levels of forest product (e.g.,
[10,11,14,27,28]). Indeed, partial equilibrium models are the most
commonly used approach to forest sector analysis. Partial equilib-
rium modelling, often based on the seminal work of Samuelson
[42] and Takayama and Judge [46], is characterised by the endog-
enous determination of factors such as trade flows and prices,
conditional on exogenous economic activity outside the sector such
as changes in different policies (see, for example [1,15,33]).
However, often the partial equilibrium models are only briefly
describing European forest fuel markets and their interdepen-
dencies. However, Lundmark [37] develops a partial equilibrium
model for the Swedish forest cluster in which the interdepen-
dencies of various forest product markets are incorporated. Thus,
using a partial equilibrium analysis may be more appropriate than
applying a general equilibrium model (for other general equilib-
rium models besides the GTAP, see, for example [4,5,13,36]).

3. The European Forest Trade Model

The European Forest Trade Model (EFTM) is a static numerical
model focusing on the trade levels in 19 European countries
implemented using GAMS (General Algebraic Modeling System).2

Fig. 4 presents the sectors and their connection addressed in the
EFTM (bold lines represents the flows included in themodel). In the
EFTM the industry sectors optimal input combination is where the
technical rate of substitution equals the input price ratio. The EFTM
assumes that a specific country uses its domestic input supply as
long as the domestic price is lower than the import price before.

Numerical calculation of an economic equilibrium requires the
choice of functional forms for production possibilities and prefer-
ences. In applied modelling, CES functions (including Leontief and
Cobb-Douglas specifications as sub-cases) are amongst the most
common. Such functions have certain mathematical properties
(regularity) that ease the numerical analysis but are still flexible
enough to allow for appropriate representation of economic
behaviour. The model is formally described in Appendix.

The EFTM uses calibrated CES specifications for the cost,
demand and production functions [7,8], in which each industry is
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Fig. 1. Net export of wood fuel for 1994, 2000 and 2006 for European countries. Source: FAO (2008).

1 Various measures of forest endowments, net trade and size of the economy
have been used in the literature. For instance, Leamer [35] suggests that when
measuring resource endowments it is not so much the extent of the resource, e.g.,
forest areas, but the flow of goods and services that can be derived from the
resource, e.g., volume of timber harvested, that matters.

2 GAMS is a high-level modelling system for mathematical programming and
optimisation.
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assumed to use two inputs (production factors) in their production
process making the inputs substitutes. For instance, for the energy
sector (the heat and power industry and the refined woodfuel
industry) this implies that the input mix of by-products and logging
residues is weakly separable from other fuel inputs (such as coal
and oil). This can partly be motivated by the policy requirement
that a certain share of the production should be based on biomass.
The elasticity of substitution3 is set between 0.5 and ten depending
on industry and country (e.g. [41,43,49]). Since no reliable estimates
have been found it is assumed that the elasticity of substitution is
related to the size of the national market, i.e., the produced and
consumed quantities. It is thus assumed that a larger market
indicates that the production techniques are more developed and
that the substitution between inputs is technically easier. Fig. 4
indicates which inputs the different industry sectors use and can
thus substitute between. In addition to the technical possibilities to
substitute between inputs, their relative price is another determi-
nant of the chosen input mix (e.g. [31,32,48]).

TheBaseline scenariooutlines theEuropean trade in forest-based
biomass without any EU energy policies implemented. In this
scenario the heat, power, refined woodfuel and pulp industry must
produce exactly the benchmark output level, using two inputswhen
doing so. The industry sectors will choose their input combinations
according to the inputs’ marginal product and their relative price.
The industry sectors strive tominimise their total cost of production
hence their optimal input combination iswhere the technical rate of
substitution equals the input price ratio. Countries will demand
relatively large quantities of the inputs used in their dominate
production and if the domestic supply of these inputs is less than
needed the countries can import the remaining quantity. The
difference between the domestic quantity supplied and the
domestic input demand indicates a country’s net import level.

In the refined woodfuel industry due to high quality restrictions
and therefore a dominating use of by-products (mainly sawdust), it
is not likely that the producers can perform major substitutions
between by-products and logging residues. As a consequence, the
elasticity of substitution between by-products and logging residues
is set relatively low compared for instance with the heating and
power sector. For the largest producers; Austria, Denmark, Finland,
Italy, Poland and Sweden it is set to 1.25 and for the remaining
countries, which all have a relatively small production of refined
woodfuel it is set to 0.9 [22]. For the heat industry, Sweden, Austria,
Finland, Germany and Latvia which all produce forest fuel based

heat above the EU19 country average are assumed to have an
elasticity of substitution of ten. The remaining countries are
assumed to have a substitution elasticity of five. For the power
industry, Austria, Denmark, Finland, Germany, Italy, the
Netherlands, Sweden and the UK have the highest forest fuel based
power generation. For this reason it is assumed that they will be
able to substitute more easily between by-products and logging
residues. As a result, the elasticity of substitution is set to ten. For
the remaining countries the elasticity of substitution is set to five.
The elasticity of substitution between roundwood and by-products
for the pulp industry is set to three [43]. Somemills clearly prefer to
buy pulpwood, others prefer to use wood chips while some mills
are indifferent [12,34]. Thus, whatever the reason might be the
elasticity of substitution cannot be assumed to be as high as in the
heat and power industries. In contrast, it cannot be assumed to be
as low as in the refinedwoodfuel industry since some plants clearly
substitute between the inputs. Table 1 summarises the assump-
tions made regarding the elasticity of substitution.

3.1. Benchmark values

The initial (or benchmark) values are summarised in Tables 2–4.
In Table 2 only net production is considered. Due to insufficient
statistics, the production of heat was estimated using information
on plant capacity and average operation time [2,20]. No refined
woodfuel production statistics are available for the Czech Republic
and Belgium. For these countries it is assumed that the production
of refinedwoodfuel amounts to five percent of total heat and power
production.

Table 3 presents the benchmark values for the production and
price of by-products, logging residues and roundwood. The
production of inputs is determined exogenously. The data obtained
on by-product production from FAOStat is reduced by 40 percent to
reflect that FAOStat has a broader definition of by-products
compared to this study. Statistics on the production of logging
residues are estimated based on harvested volumes of roundwood.

Statistics on the prices of industrial by-products as well as
logging residues were collected from Alakangas and Vesterinen [3]
and EUBIONET II [20], and complemented with statistics presented
in Alakangas and Vesterinen [2]. The data for logging residues and
by-product prices have been collected from different sources,
which all use different years. A majority of the data presented will
be for the year 2005 but some figures are for 1999 (in 2005 years
value). The price of roundwood is estimated based on export values.

The benchmark values for the consumption of inputs are pre-
sented in Table 4. It is assumed, for the calculation of the bench-
mark values, that the heat and power industry uses an equal
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Fig. 2. Net export of chips & particles for 1994, 2000 and 2006 for European countries. Source: FAO (2008).

3 The elasticity of substitution measures the degree of substitutability between
any pair of production factors.
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amount of logging residues and by-products. The same is assumed
for the pulp industry but for roundwood and by-products. The
refined woodfuel industry is assumed to use ten percent logging
residues and 90 percent by-products.

The energy efficiency for the heating sector is assumed to be 85
percent for Sweden, Austria, Finland, Germany and Latvia. For the
remaining countries is set to 75 percent. The average energy effi-
ciency for the power industry is approximately 22 percent [26]
which is used for all countries. Thematerial efficiency in the refined
woodfuel industry in Sweden, Austria, Denmark, Finland, Italy and
Poland is set to 80 percent [17]. For the remaining countries the
material efficiency is set to 70 percent due to the fact that many of
these countries, such as Spain, have relatively small markets for
refined woodfuels [39].

3.2. Scenario 1: the White Paper implemented

An indicative goal of the White Paper is to have a biomass
energy consumption of 8.5 percent [21]. Stated differently, this
implies that the EU would have to produce 1570 TWh of biomass
energy. When the White Paper target was set in 1997 the biomass
based energy was 523 TWh suggesting an increase of 1047 TWh.
Furthermore, it was expected that forest fuels and agricultural
resources should contribute to one third of the necessary increase.
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Fig. 3. Net export of roundwood for 1994, 2000 and 2006 for European countries. Source: FAO (2008).
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Table 1
Elasticity of substitution by country and industry sector.

Heat
industry

Power
industry

Refined woodfuel
industry

Pulp
industry

Austria 10 10 1.25 3
Belgium 5 5 0.9 3
Czech

Republic
5 5 0.9 3

Denmark 5 10 1.25 3
Estonia 5 5 0.9 3
Finland 10 10 1.25 3
France 5 5 0.9 3
Germany 10 10 0.9 3
Hungary 5 5 0.9 3
Italy 5 10 1.25 3
Latvia 10 5 0.9 3
Netherlands 5 10 0.9 3
Poland 5 5 1.25 3
Portugal 5 5 0.9 3
Slovakia 5 5 0.9 3
Slovenia 5 5 0.9 3
Spain 5 5 0.9 3
Sweden 10 10 1.25 3
United

Kingdom
5 10 0.9 3

Source: Wibe [49]; Sisak [43]; Rehn [41] and EUBIONET II [20].
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In this case no distinction between forest fuels and agricultural
resources is made. It is therefore assumed that the increase is
equally distributed between forest fuels and agricultural resources.
This suggests that the utilisation of forest fuels will increase by 32
percent on a national wide basis. The 32 percent increase is set for
the heat, power and refined woodfuel industries in total. Thus, the
individual industry productions can vary. However, although the
individual industry productions can vary it has an upper bound not
allowing an industry to increase its output production with more
than 110 percent, mimicking a limitation in short-run capacity.

3.3. Scenario 2: the RES-E Directive implemented

The RES-E Directive sets the EU target of renewable power to
22.1 percent by 2010 [16]. The RES-E Directive states that the
member states shall adopt and continuously publish national
indicative targets for future consumption of electricity produced
from renewable energy sources in terms of a percentage of total
electricity consumption. The RES-E Directive presents national
targets on renewable electricity without specifying the share
generated by forest fuels. In 2005, the average EU share of forest
fuels was 29 percent which is assumed constant even after
implementing the RES-E Directive. The RES-E Directive only
concerns electricity thus the only industry directly affected by the
policy implementation in scenario 2 is the power industry, which
has to increase its utilisation of forest fuels according to the indi-
cated indicative targets in Table 5.

4. Results

Fig. 5 summarises the resulting net import of by-products under
the scenarios. In the baseline scenario the largest net importers of
by-products are Italy, the United Kingdom and Latvia. The countries
having the largest net export volumes are Sweden, Finland and
Estonia.

With the White Paper implemented (scenario 1) the total forest
fuel based energy in a country has to increase by 32 percent. Fig. 5
indicates that Sweden will still have the largest net export of by-
products compared with the baseline scenario. For Sweden, the
implementation of the White Paper results in an increase in the
Swedish production of heat, while the power and refined woodfuel
industries decrease their production. Due to the conditions speci-
fied in the EFTM, this implies that Sweden is relatively good at
producing heat. Furthermore, Sweden will use more by-products
and logging residues, comparedwith the baseline scenario, in order
to increase its production of heat. This will, in turn, decrease the
amount of by-products available for export versus increasing the
quantity of logging residues necessary to import. However,
regarding logging residues the other Swedish industries will

Table 2
Benchmark production levels by country and industry.

Country Heat Power RWF Pulp

GWh m3s
eb
(1000)

GWh m3s
eb
(1000)

GWh m3s
eb
(1000)

tonnes
(1000)

Austria 3699 1739 1746 821 858 406 1932
Belgium 815 386 513 241 132 63 531
Czech

Republic
423 199 593 279 50 24 753

Denmark 2133 1003 1834 862 905 429 1
Estonia 1359 639 23 11 34 16 69
Finland 4050 1904 10,182 4786 791 374 11,134
France 1350 635 1371 644 84 39 2504
Germany 31,500 14,805 3900 1833 429 203 2879
Hungary 119 56 678 319 22 10 1
Italy 140 66 1913 899 753 356 515
Latvia 7200 3384 6 3 112 53 1
Netherlands 2916 1381 1836 863 84 39 117
Poland 1800 846 768 361 572 271 1042
Portugal 2008 951 1264 594 84 39 1949
Slovakia 475 223 3 1 17 8 609
Slovenia 131 61 90 42 0.6 0.3 153
Spain 2149 1017 1353 636 95 45 1973
Sweden 16,758 7876 6614 3109 4140 1960 12,108
United

Kingdom
5 3 1867 877 5 2 341

EU19 79,029 37,171 36,554 17,180 9167 4339 38,612

Sources: Own calculations based on Alakangas and Vesterinen [3]; Alakangas and
Vesterinen [2]; EUBIONET II [20]; EUROSTAT [23] and FAO (2008).

Table 3
Benchmark production and price of inputs by country and input.

Country By-productsa,b Logging residuesa,b Roundwooda,b

0000 m3 (GWh) Vm3 solid�1 (VGWh�1) 0000 m3 (GWh) Vm3 solid�1 (VGWh�1) 0000 m3 V tonne�1

Austria 4522 (9551) 31 (15) 2493 (5266) 51 (24) 12,786 75
Belgium 633 (1337) 26 (12) 837 (1767) 45 (20) 4290 69
Czech Republic 1334 (2818) 7 (3) 2786 (5883) 8 (4) 14,285 48
Denmark 88 (185) 19 (9) 158 (334) 38 (18) 810 71
Estonia 2400 (5059) 19 (9) 1073 (2265) 15 (7) 5500 42
Finland 11,149 (23,546) 19 (9) 9188 (19,404) 24 (11) 47,116 68
France 1709 (3609) 32 (15) 6141 (12,969) 30 (14) 31,490 55
Germany 4980 (10,518) 17 (8) 9926 (20,965) 18 (9) 50,905 59
Hungary 138 (291) 25 (12) 547 (1155) 25 (12) 2804 53
Italy 432 (912) 19 (9) 524 (1107) 49 (23) 2687 367
Latvia 2631 (5557) 6 (3) 2319 (4898) 15 (7) 11,893 37
Netherlands 769 (1625) 32 (15) 160 (338) 23 (11) 820 41
Poland 2316 (4891) 36 (17) 5591 (11,808) 16 (8) 28,672 63
Portugal 1406 (2969) 18 (9) 2136 (4511) 23 (11) 10,953 54
Slovakia 719 (1518) 18 (9) 1756 (3709) 9 (4) 9005 45
Slovenia 107 (226) 11 (5) 349 (737) 9 (4c) 1789 53
Spain 2880 (6083) 15 (7) 2604 (5499) 21 (10) 13,352 56
Sweden 11,100 (23,443) 26 (12) 17,882 (37,766) 28 (13) 91,700 44
United Kingdom 1276 (2695) 13 (6) 1582 (3342) 34 (16) 8115 43
EU19 50,588 (106,843) 20.5 (9.6) 68,050 (143,721) 23.3 (12) 348,972 70.7

a Production data are own calculations based on EUBIONET II [20]; FAOSTAT [24] and Swedish Forest Agency [45].
b Price data from Alakangas and Vesterinen [3]; Alakangas and Vesterinen [2]; EUBIONET II [20] and FAOSTAT [24].
c The price of logging residues for Sloveniawas not possible to obtain. For simplicity, this price was assumed to be identical to the price in Slovakia. Forest resource potentials

are similar in both countries although Slovakia generally has a more developed forest fuel market.
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demand less of this input, thus resulting in a decrease in the net
import quantity of logging residues as Fig. 6 indicates. Similar
arguments can be applied to all countries when analysing the
results of scenario 1.

The implementation of the RES-E Directive (scenario 2) affects
the power sector. Hence, for all other industries the productionwill
not change. The RES-E Directive is applied on a national basis,
implying that the power sector in each country has to increase its
production by a certain amount. With the RES-E implemented the
largest net exporter of by-products will be Finland, Austria and
Latvia. Latvia is one of the countries using less by-products and
more logging residues in order to reach its goal. Hence, Latvia
will be a net importer of logging residues and a net exporter of
by-products. In contrast, Sweden will use more by-products and

less logging residues, compared to the baseline scenario, resulting
in a large increase in the net import of by-products and a high net
export level of logging residues. Thus, the Swedish power sector
will use less logging residues in its production and can increase its
export to other countries where the marginal product of logging
residues is higher.

As for roundwood, only small volumes are being used by the
energy sector. The model simulations show that the roundwood
market will be left unaffected by an increased demand for by-
products and logging residues. Hence, the increased demand for
forest fuels by the energy sector will not have any explicit conse-
quences for the roundwood market.

Implementing the EU energy policies will result in an increase in
the total trade volume for both by-products and logging residues.
This is illustrated in Table 6 in which the change in the trade
resulting from scenario 1 and scenario 2 is compared to the base-
line scenario.

With the implementation of the White Paper the total trade of
by-products will increase with ten percent. In the baseline scenario
the total EU net export is 40 TWh. This amount increased to
43.6 TWh in scenario 1. In addition, the total trade of logging
residues increased by 14 percent. With the implementation of the
RES-E Directive the trade increases even more. The total trade
increases by 50 and 67 percent for by-products and logging resi-
dues to 59.9 and 86.9 TWh, respectively.

Since the elasticities of substitution between the input factors
are important parameters in the EFTM, a sensitivity analysis has
been conducted to check how sensitive the results are to changes in
these parameters. In the analysis, the elasticities of substitution are
changed by �1 for the heat and power industries, �0.1 for the
woodfuel refining industry and �0.5 for the pulp industry. The
sensitivity results are reported in Table 7.

Decreasing the elasticities of substitution will decrease the net
import of by-products by 1 percent and logging residues by 2.
Increasing the elasticities of substitution will increase the net
import of logging residues by 2 percent and decrease the net import
of by-products by 2 percent. Overall, changing the elasticity of

Table 4
Benchmark input consumption by industry, input and country.

Country By-products Logging residues Roundwood

Heata Powerb RWFc Pulpd Heata Powerb RWFc Pulpd Sawmille
0000 m3 (GWh) 0000 m3 (GWh) 0000 m3 (GWh) 0000 m3 (GWh) 0000 m3 (GWh) 0000 m3 (GWh) 0000 m3 (GWh) 0000 m3 0000 m3

Austria 1026 (2166) 1822 (3848) 406 (858) 5120 (10,813) 1026 (2166) 1822 (3848) 102 (214) 5120 9892
Belgium 257 (542) 535 (1130) 72 (151) 1407 (2972) 257 (542) 535 (1130) 18 (38) 1407 2690
Czech Republic 132 (279) 619 (1307) 27 (58) 1995 (4214) 132 (279) 619 (1307) 7 (14) 1995 8153
Denmark 667 (1408) 1914 (4042) 429 (905) 3 (6) 667 (1408) 1914 (4042) 107 (226) 3 470
Estonia 425 (897) 24 (51) 18 (38) 183 (386) 425 (897) 24 (51) 5 (10) 183 3300
Finland 1123 (2372) 10,624 (22,438) 374 (791) 29,505 (62,315) 1123 (2372) 10,624 (22,438) 94 (198) 29,505 22,444
France 422 (891) 1431 (3021) 45 (95) 6636 (14,014) 422 (891) 1431 (3021) 11 (24) 6636 20,000
Germany 8735 (18,448) 4069 (8594) 232 (491) 7629 (16,113) 8735 (18,448) 4069 (8594) 58 (123) 7629 34,432
Hungary 37 (79) 707 (1494) 12 (25) 3 (6) 37 (79) 707 (1494) 3 (6) 3 1248
Italy 44 (92) 1996 (4216) 356 (753) 1365 (2882) 44 (92) 1996 (4216) 89 (188) 1365 1147
Latvia 1997 (4217) 6 (13) 60 (127) 3 (6) 1997 (4217) 6 (13) 15 (32) 3 7950
Netherlands 918 (1939) 1916 (4046) 45 (95) 310 (655) 918 (1939) 1916 (4046) 11 (24) 310 448
Poland 563 (1188) 801 (1692) 271 (572) 2761 (5832) 563 (1188) 801 (1692) 68 (143) 2761 12,856
Portugal 632 (1335) 1319 (2785) 45 (95) 5165 (10,908) 632 (1335) 1319 (2785) 11 (24) 5165 1890
Slovakia 149 (314) 3 (7) 9 (19) 1614 (3408) 149 (314) 3 (7) 2 (5) 1614 4845
Slovenia 41 (86) 94 (198) 0.3 (1) 405 (856) 41 (86) 94 (198) 0.1 (0.2) 405 1403
Spain 677 (1429) 1412 (2982) 52 (109) 5228 (11,042) 677 (1429) 1412 (2982) 13 (27) 5228 7343
Sweden 4647 (9814) 6901 (14,575) 1960 (4140) 32,086 (67,766) 4647 (9814) 6901 (14,575) 490 (1035) 32,086 58,200
United Kingdom 2 (4) 1948 (4114) 3 (5) 904 (1909) 2 (4) 1948 (4114) 1 (2) 904 5059
EU19 22,491 (47,500) 38,140 (80,553) 4416 (9329) 102,316 (216,104) 22,491 (47,500) 38,140 (80,553) 1105 (2333) 102,316 192,199

a Own calculations based on Svensk Fjärrvärme [44]; Wibe [49].
b Own calculations based on Franco and Giannini [26].
c Own calculations based on Energirådgivningen [17]; Bjerg et al. [6].
d Own calculations based on the Finnish Forest Association [25].
e FAOSTAT [24].

Table 5
National indicative targets for share of renewable power.

Country RES-E TWh 1997 RES-E % 1997 RES-E % 2010

Austria 39.05 70 78.1
Belgium 0.86 1.1 6
Czech Republic 2.36 3.8 8
Denmark 3.21 8.7 29
Estonia 0.02 0.2 5.1
Finland 19.03 24.7 31.5
France 66.00 15 21
Germany 24.91 4.5 12.5
Hungary 0.22 0.7 3.6
Italy 46.46 16 25
Latvia 2.76 42.4 49.3
Netherlands 3.45 3.5 9
Poland 2.35 1.6 7.5
Portugal 14.30 38.5 39
Slovakia 5.09 17.9 31
Slovenia 3.66 29.9 33.6
Spain 37.15 19.9 29.4
Sweden 72.03 49.1 60
United Kingdom 7.04 1.7 10
EU19 349.95 13.9 22

Sources: Ref. [16] and Hinsch [30].
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substitution only produces relatively small changes suggesting
reasonably robust results.

5. Discussion and conclusions

The development of an EU forest-based biomass market is
a wide and complex issue. There are several institutional obstacles,
in addition to the more economic issues, that currently act as
a restriction to the trade. However, the trade development has been

accelerated by regional imbalances of resources and demand. This
study is an attempt to assess how EU trade levels of specific forest
fuels are affected by different EU energy policies. Two specific EU
policies are assessed: the full implementation of the White Paper
and RES-E. Both the White Paper and RES-E Directive implicitly
support an increasing use of forest-based biomass for energy
purposes.

Although partial equilibrium models do not account for as
many linkages between product groups as computable general
equilibrium (CGE) models do, they can provide a transparent and
focused trade analysis of how a limited number of forest prod-
ucts are affected by various policies. For instance, a limit of the
European forest trade model outlined in this study does not
account for linkages between the forest product markets and the
capital and labour markets. The model explicitly assumes that the
price of both labour and capital is fixed and unaffected by any
change in the endogenous variables. However, bearing this in
mind, the results can still be interpreted with some degree of
confidence.

A general conclusion it that an increasing level of trade in
forest-based biomass might mitigate the transitional problem of
the EU energy system from fossil fuel based to renewable energy
sources. Generally, the implementation of the RES-E Directive has
a larger affect on trade volumes than the implementation the
White Paper. The implementation of the RES-E Directive results
in an increase of total trade in logging residues and by-products
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Fig. 5. Net import of industrial by-products by country under different scenarios.
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Fig. 6. Net import of logging residues by country under different scenarios.

Table 6
Percentage change in total trade of by-products and logging residues compared to
the baseline scenario.

Input Scenario 1 Scenario 2

By-products þ10 þ50
Logging residues þ14 þ67

Table 7
Percentage change in net import with different elasticities of substitution.

Variable By-products Logging residues

Net import, lower substitution elasticity �1 �2
Net import, higher substitution elasticity �2 þ2
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by 50 and 67 percent, respectively. The corresponding increase in
trade volumes from the implementation of the White Paper is 10
and 14 percent for by-products and logging residues, respectively.

Depending on implemented policy the results differ. A country
that was net importing by-products given the White Paper imple-
mentation can instead be net exporting by-products when imple-
menting the RES-E Directive. Hence, a country can transform from
a net exporter to a net importers (and vice versa) between the
scenarios.

The scenarios reinforce the picture of the EU forest fuel markets
as a complex and multi-layer subject. There exist many different
and credible alternative future scenarios that the markets can
develop towards. The results also open up new discussions and
provide information for the purposes of policy makers. For firms,
the scenarios provide knowledge that can be utilised in strategic
decision making. Thus, studying European trade in forest fuels is
important for understanding how different industry sectors will be
affected by the EU policies aimed at promoting the use of renew-
able energy sources.
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Appendix

The calibrated CES cost functions for the heat, power and refine
woodfuel industries is expressed as:

Ci;r ¼ yi;r
yi;r

Ci;r

"
qi;r

�
Pnr
Pnr

�1�si;r

þð1� qi;rÞ
�
Pmr
Pmr

�1�si;r
# 1

1�si;r

(A1)

where Ci,r is the total cost for industry i in country r, y is the
production level, P is the input price for input n and m, s is the
elasticity of substitution and q is the input value share. The
respective variables benchmark values are denoted as C, y and P.
The input value share can be expressed as:

qi;r ¼
Pnr D

n
i;r

Pnr D
n
i;r þ Pmr D

m
i;r

(A2)

where D is the input demand and D is benchmark value. The cali-
brated demand functions can be expressed as:

Dn
i;r ¼ Dn

i;r
yi;r
yi;r

 
Pnr ci;r
Pnr ci;r

!si;r

(A3)

Where c is the unit cost, c its benchmark value and they are
expressed respectively as:

ci;r ¼ ci;r

"
qi;r

�
Pnr
Pnr

�1�si;r

þð1� qi;rÞ
�
Pmr
Pmr

�1�si;r
# 1

1�si;r

(A4)

ci;r ¼
 
Pnr D

n
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m
i;r

yi;r

!
(A5)

Finally, the production level is expressed as:

yi;r ¼ yi;r

"
qi;r

 
Dn
i;r

Dn
i;r

!ri;r

þð1� qi;rÞ
 
Dm
i;r

Dm
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!ri;r
# 1
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where ri;r ¼ ðsi;r � 1Þ=si;r . The optimisation problem can then be
formulated as:

Min CTot
EU ¼

X
i

X
r

Ci;ryi;r (A7)

with the restrictions that domestically available inputs are used
before import startsX
i

Dn
r;i ¼ Snr þ NMn

r (A8)

and that no trade outside the EU is allowedX
r

NMn
r ¼ 0 (A9)

where S is the benchmark value of input supply and NM is the net
import. Since no trade is allowed outside the EU, the total EU supply
of inputs has to equal total EU demand. Expressed as equations, the
‘‘union security-of-supply’’ condition can be written as:X
i

X
r

Dn
r;i ¼

X
r

Snr (A10)

In the baseline scenario each industry sector must produce
exactly the benchmark production level, hence yi;r ¼ yi;r , indi-
cating that the ratio yi;r=yi;r will equal unity. In contrast, yi;r is
allowed to vary in scenario 1 under the condition thatP
i
yi;r ¼ 1:32

P
i
yi;r for i¼ heat, power and RWF. This suggests that

each country must increase its total utilisation of forest-based
biomass by 32 percent. In scenario 2, all industry sectors in
a country, besides the power industry, must produce their respec-
tive benchmark production levels. For the power industry the
forest-based biomass power generation must increase with
a certain percentage. Hence, the yi;r=yi;r ratios are fixed, for the heat
and refined woodfuel industries it will equal unity whilst the
national targets stated in the RES-E Directive will determine the
ratio for the power industry. In all scenarios the pulp industry must
produce exactly the benchmark production level, hence yr ¼ yr ,
indicating that the ratio yi;r=yi;r equal unity.
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mesektorn. Umeå, Sweden: Department of Forest Economics, Swedish
University of Agricultural Sciences; 2001. Report 124.

R. Lundmark, A. Mansikkasalo / Journal of Cleaner Production 17 (2009) S18–S26S26



 





 



Changes in European forest rawmaterial trade: Consequences
of implementing the RES2020 Directive

Anna Mansikkasalo*
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a b s t r a c t

The purpose of this paper is to assess possible changes in the European trade patterns of

forest raw material arising from the implementation of the RES2020 Directive. The analysis

is done by developing a partial general equilibrium model of the European trade in forest

raw materials. The results suggest that the ambitious EU energy policy goal, stimulating

the use of forest raw materials, will boost its trade. In the RES2020 scenario the total trade

in by-products will increase with 61 percent e from 38 million to 61 million cubic metres

solid volume compared to the baseline scenario. For logging residues the amount increases

from 50 million to 104 million cubic metres solid volume e or by 110 percent in the RES2020

scenario compared to the baseline. Since the national goals in the RES2020 Directive are

mandatory in contrast to the indicative recommendations stated in previous EU energy

policies on renewables this study concludes that a more ambitious goal will inevitably

affect the input competing industries. This stresses the need to thoroughly account for

different aspects when evaluating the consequences of different policies.

ª 2011 Elsevier Ltd. All rights reserved.

1. Introduction

The challenging issue of significantly reducing greenhouse

gases, mainly carbon dioxide, is seen as highly necessary in

order to slow down the climate change. In this context there is

considerable debate on how to reduce the greenhouse gases

released into the atmosphere by industrial production and

private household energy consumption practices. The use of

renewable energy sources in general and forest-based

biomass in particular, is seen as part of a long term solution

to reduce greenhouse gases in a sustainable manner. The

demand for forest raw materials has therefore increased and

as such international trade may play an important role in the

future in order to secure the supply of forest-based sources of

energy.

For centuries forest raw materials were important in the

energy systems in Europe. It was not until after World War II

that the use of forest raw materials decreased noticeably,

reaching its lowest levels in modern times in the 1970s. The

increasing demand for more practical and cheaper energy

sources such as coal and oil was one of themain explanations

for this decrease. However, in reaction to the oil price

increases in the 1970s new European government policies

were established aimed at increasing the use of alternative

fuel sources such as nuclear power and coal. The share of

forest raw materials in total energy supply still remained low

during the 1970s and 80s. However, in the 1990s different

voices were raised, all stressing an importance to increase the

use of renewable energy in final energy consumption and

since many European countries were richly endowed in forest

raw materials this made forest raw materials being seen as

important renewable sources. For this reason, national as well

as EU energy policies emerged supporting the use of biofuels,

encompassing forest rawmaterials, throughout Europe. In the
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year 2009 the Directive 2009/28/EC of the European Parliament

and of the Council, endorsed a mandatory target of 20 percent

share of energy from renewable sources in overall Community

energy consumption by the year 2020.

Hence, due to the common European goal, supported by

national policies, the demand for forest rawmaterials as input

factors in energy production has increased. Therefore imports

have become an alternative supply source for many users and

the traditionally local/regional markets are more and more

moving towards the formation of a European forest raw

material market [1]. The development of European trade in

forest raw materials might improve the possibility to cost

effectively reach EU energy policy goals. Consequently, the

analysis of European forest rawmaterial trade is an important

input for understanding how selected parts of the European

economies will be affected by the EU policies aimed at

promoting the use of renewable energy sources. The purpose

of this paper is therefore to assess possible changes in the

trade patterns arising from the implementation of the

RES2020 Directive. The analysis is done by using a partial

general equilibrium model of the European trade in forest-

based biomass (see also [2] for a more detailed description of

the model). In order to analyse the effects on trade due to the

exogenous policy shock of a full implementation of the

RES2020 Directive two different scenarios is developed: (a) the

Baseline scenario in which the European trade in forest raw

materials is outlined and (b) the RES2020 scenario inwhich the

RES2020 Directive is fully implemented. The RES2020 Directive

states that the renewable energy potential and the energymix

of each member state varies and that it therefore is necessary

to translate the community 20 percent target into national

targets for each member state. This will affect the national

forest rawmaterialsmarkets and have several implications on

the direction and the magnitude of the European forest raw

material trade. The model calibrates national trade levels and

overall European trade volumes due to the RES2020 imple-

mentation hence implicitly highlighting potential environ-

mental and economic consequences of the policy.

Before presenting the model, the definition of forest raw

materials included in the model, as well as industry sectors

acting on the forest raw material markets has to be clarified.

This is done in the next section. After this the model is

outlined, and some data and model assumptions are dis-

cussed. The paper ends by presenting the model results and

by providing a discussion also containing some concluding

remarks.

2. European trade in forest raw materials

2.1. Definitions

Biofuels are fuels that originate from biological material.

They can be divided into groups such as fuel from reeds, fuel

from straw, black liquor, recycled paper and woodfuel.

Woodfuel includes all biofuels with trees or parts of trees as

raw material that has not gone through any chemical

process. The raw material could have been used for wooden

packages, recycled building material etc. The scope of this

paper is limited to forest fuel which is a sub-category of

woodfuel. The forest fuel covered in the analysis includes

industrial by-products (sawdust, bark, chips etc.), logging

residues (branches, lumps etc.) and industrial roundwood

(sawlogs and pulpwood). The use of forest fuel to produce

transportation fuel will not be considered. Besides the energy

sector, other industries such as the pulp mills use forest fuel

as inputs as well. When this is the case the input should not

be referred to as a fuel but instead as a material. Hence, for

simplicity the term forest raw material, although demanded

by both the energy and the forest industries are used thor-

ough out the rest of the paper.

2.2. Market actors

Forest raw materials are either used in the production of

goods or for energy generation. The “forest goods industry”

includes the pulp industry, the sawmill industry and the

woodboard industrywhile the energy sector includes the heat,

power and refined woodfuel industries. Fig. 1 briefly outlines

the market sectors and their connection [3,4]. The bold lines

indicate the forest raw material flows of focus in this study.

Unfortunately, country specific disaggregated data for many

forest raw materials is incomplete or lacking and are for that

reason left out of the model.

In themaking of sawnwood products, by-products such as

sawdust andwood chips are generated. These by-products are

either exported or sold to the pulp industry, the woodboard

industry or the energy sector. The quantities of forest raw

materials generated from pulpwood and sawlogs delivered to

the energy sector are drawn with broken lines in Fig. 1. This

indicates that only modest amounts of roundwood are

currently used for energy generation. These modest amounts

are neglected in this paper. Instead, it is assumed that the

energy sector uses logging residues and by-products as inputs

in their production while roundwood is demanded solely by

the saw and pulp mills. All inputs can be either imported or

domestically supplied. Also some of the forest raw materials

produced by the domestic sectors might be exported. Since

the forest rawmaterials can be both imported to and exported

from a specific country at the same time the net export is the

measure of trade in this study.

2.3. Trade levels of forest raw materials in Europe

Traditionally, by-products and logging residues have been

used in the same geographical region as they were produced.

Today, the regional markets have started to transform

towards international ones primarily in Northern Europe due

to the development of large-scale use of forest raw materials

in district heating. With an increasing demand for these

inputs, imported by-products and logging residues have

become an alternative supply source for many users [1].

Nonetheless, in many European countries the customs

statistics do not record trade in such a detail that the inter-

national trade of different types of forest rawmaterials can be

properly identified. Nor are research studies available that

comprehensively estimated the total volume of forest raw

materials currently being traded throughout Europe. The

problem is most prominent in the case of logging residues

where no data can be presented. However, statistics are
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available on the trade of by-products and roundwood. Fig. 2

shows the net export of by-products in selected European

countries (see also e.g. [5] for a general discussion about the

world trade in forest raw materials and woodfuel) [6,7]. The

countries not presented lack information. In Fig. 2, and

throughout the paper, some countries have a negative net

export, implying that they are net importers (see also Figs.

3e5).

The Scandinavian countries as well as Austria have been

pioneers in using forest raw materials for energy purposes.

Fig. 2 reports a very low net export of by-products in Austria

for the year 2002. Despite this, Austria was heavily engaged in

the European trade but the import and export amounted to

similar values resulting in a net export adding to almost zero.

In Denmark, Sweden and Finland the expansion of district

heating based on forest raw materials since the 1990s has

been a prime factor stimulating the trade in forest raw

materials. Today, more and more countries such as Germany,

Italy, Spain and Great Britain are also expanding their forest

raw material based energy sectors. The trade with by-

products can thus be expected to continue with the number

of importers and exporters continuously increasing on

a growing market.

During the 1990s the production of industrial roundwood

in EU was rather steady and a rising demandwas increasingly

met by imports. Furthermore, the export was moderately

declining while import almost doubled during the 1990s with

the share of imports from the roundwood consumption in the

EU increasing from ten to 19 percent [8]. During the same

period the EU15 member countries were mainly importing

inside the EU. Today, this is still the case; new EU member

countries such as Latvia, which joined the union in 2004, has

a strong position as a net exporters together with old member

countries such as Germany. Fig. 3 displays the net export of

roundwood in different countries in Europe for the years 2002

and 2006 respectively [6,7].

Fig. 1 e Forest raw material flows of focus.

Fig. 2 e Net export of by-products in the years 2002 and

2006.

Fig. 3 e Net export of roundwood in the years 2002 and

2006.
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3. Modelling European trade in forest raw
material

The analysis of policy consequences ex ante requires model-

ling. Since there are few existing models suitable for the

purpose a new model needed to be developed (see also

Ref. [2]). No previous model has thoroughly outlined the

sectors affected by “global warming reducing policies”. Exist-

ing international trade models do not outline the sectors and

the demand for forest rawmaterials in detail but instead uses

aggregate data which makes it hard to analyse issues such as

the policy effects on input competing industries. The next

section outlines the model by identifying the central model

equations as well as stating the basic assumptions and model

calibrations.

3.1. Key equations in the European Forest Trade Model
(EFTM)

The European Forest Trade Model (EFTM) is a static numerical

model focussing on the trade levels in 19 European countries

implemented using GAMS which is a high-level modelling

system for mathematical programming and optimisation [9].

Numerical calculation of an economic equilibrium requires

the choice of functional forms for production possibilities and

preferences. In applied modelling, CES functions (including

Leontief and Cobb-Douglas specifications as sub-cases) are

amongst the most common. Such functions have certain

mathematical properties (regularity) that ease the numerical

analysis but are still flexible enough to allow for appropriate

representation of economic behaviour. The EFTM uses cali-

brated CES specifications (see e.g. [10,11]) for the cost, demand

and production functions in which each industry is assumed

to use two inputs (production factors) in their production

process making the inputs substitutes.

The EFTM focuses on forest raw material in general, and

the demand for forest raw material in particular, the model

building work proceeded in two steps: firstly, the production

costs (forest raw material based energy as well as pulp) were

modelled. Secondly, the demand for the two input factors

used when producing this output was derived. The heat,

power and refined woodfuel industries are using the same

inputs; by-products and logging residues when producing

forest raw material based energy. Hence, in the EFTM it is

assumed that the production function is weakly separable in

the sense that the mix of by-products and logging residues is

independent on the choice of other inputs (such as coal and

oil). Theweak separability assumption for the heat, power and

refined woodfuel industries can be motivated by the common

policy requirement that a certain share of the production

should be based on biofuels.

The model includes the following countries, r; Austria,

Belgium, the Czech Republic, Denmark, Estonia, Finland,

France, Germany, Hungary, Italy, Latvia, the Netherlands,

Poland, Portugal, Slovakia, Slovenia, Spain, Sweden and Great

Britain e and the industries, i; heat, power, refined woodfuel

and pulp.

Since the heat, power and refined woodfuel sector are

using the same input factors the key equations for these

industries are basically the same. Still, they produce different

outputs and have different elasticities of substitution. The

calibrated CES cost function in the heat, power and refined

woodfuel industry, respectively, expressed as:

Ci;r ¼ yi;r

yi;r

Ci;r
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qi;r
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r
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n

r

�1�si;r
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where Ci,r is the total cost (euro) for industry i in country r per

year, yi,r is the production level of heat, power and refined

woodfuel respectively in country r per year, P is the input price

per unit (expressed as euro per input unit) for input n (logging

residues) andm (by-products) respectively, s is the elasticity of

substitution and q is the input value share (euro/euro). The

respective variables benchmark values are denoted C,yP and

the input value share can be expressed as:
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where D is the input demand benchmark value. Associated to

the CES cost function are the calibrated demand functions

which is written:
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where Dn
i;r shows the heat, power and refined woodfuel

industry demand for input factor n, in country r. Furthermore,

c is the unit cost (in euros) and c its benchmark value. They are

expressed respectively as:
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Finally, the production level is expressed as:
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where ri;r ¼ si;r � 1=si;r.

The purpose of including Eq. (6) in the EFTM is best

understood by recalling the scenarios and the ratio yi;r=yi;r
stated in Eq. (1). In the Baseline scenario each industry sector

must produce exactly the benchmark output level,

henceyi;r ¼ yi;r, indicating that the ratio yi;r=yi;r will equal one.

In the RES2020 scenario this assumption still applies for the

refined woodfuel industry and the pulp mills. Stated differ-

ently, the pulp and the woodfuel industry in each country will

produce exactly the same amount of pulp as well as refined

woodfuel in the RES2020 scenario as it did in the baseline

scenario. In contrast, for the heat and the power industries the

forest raw material based energy generation must increase

with a certain percentage. So the national targets stated in the

RES2020 Directive will determine how much the heat and

power industry in each country must increase its forest raw

material based energy production. It could be argued that the

woodfuel industry, which produces wood pellets, would

increase its production due to the RES2020 Directive. However,
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such a situation is hard tomodel since the flow of by-products

and logging residues is in part used directly by the energy

sector and in part used indirectly as they are components in

the produced wood pellets. No satisfactory country data are

available on the refined woodfuel industry that would help

sort these flows. Hence, due to model complexity and there-

fore to avoid double counting the ratio is set to one for the

refined woodfuel industry.

The pulp industry is assumed to use by-products and

roundwood when producing pulp. Hence, besides the differ-

ence in input factor usages, the calibrated CES functions in the

pulp industry are formulated in an identical manner as for the

heat, power and refined fuel industries. The pulp industry

equations will therefore not be described any further in this

section (for more information about the pulp industry equa-

tions see Ref. [2]).

The optimisation problem can then be formulated as:

Min$CTot
EU ¼

X
i

X
r

ci;ryi;r (7)

subjected to the condition that the industry sectors in one

country first and foremost, will use the domestic input supply

in order to satisfy the input demand. The difference between

the domestic quantity supplied and the domestic input

demand indicate a country’s net import level. Formulated as

equations the restrictions that domestically available inputs

are used before imports take place can be written as,X
i

Dn
r;i ¼ S

n

r þNMn
r (8)

in which S is the benchmark value of input supply and NM is

the net import.

Furthermore, in the EFTM no trade outside the EU is

allowed:X
r

NMn
r ¼ 0 (9)

Hence, the total EU supply of inputs has to equal total EU

demand. Expressed as equations, the “union security-of-

supply” condition can be written as:X
i

X
r

Dn
r;i ¼

X
r

Sn
r (10)

3.2. Basic assumptions and model calibration

As specified in Eq. (10), the EFTM excludes trade in forest raw

materials with countries outside the EU. This is in line with

previous and current EU energy policies all stressing the

importance of a highly developed internal EU market for

renewables as a way of securing energy supply. Furthermore,

availability of the country and industry data covering forest

raw materials is generally poor. Therefore the EFTM is a so

called calibrated model. In a calibrated model only a few

observations are needed in order to estimate the model

parameters. In addition, due to data availability problems only

19 of the 27 EU Member States are included in the EFTM. The

ones excluded are Bulgaria, Cyprus, Greece, Ireland, Lithuania,

Luxembourg, Malta and Romania.

Important model inputs such as benchmark output

production levels (by country and industry), national input

prices, input production levels etc. were collected and

estimated using information from a combination of sources.

Information from statistical databases such as the FAOstat

and EUROstat and research studies (e.g. [1,12,13]) were

combined with own calculations. The benchmark levels are

presented in Appendix A, Tables A.1eA.3 (for amore thorough

discussion see Ref. [2]).

Since the EFTM uses calibrated CES specifications for the

cost, demand and production functions in which each

industry is assumed to use two inputs in their production

process these production factors may replace each other. This

is often referred to as the inputs being substitutes. For the

energy sector this implies that the input mix of by-products

and logging residues is weakly separable from other fuel

inputs (such as coal and oil). This can partly be motivated by

the policy requirement that a certain share of the production

should be based on biomass. The elasticity of substitution

varies depending on industry and country and are based on

Refs. [2,14e16]. It is assumed that the elasticity of substitution

is related to the size of the national market, i.e., the produced

and consumed quantities. Hence, a larger market indicates

that the production techniques are more developed and that

the substitution between inputs is technically easier. In

addition to the technical possibilities to substitute between

inputs, their relative price is another determinant of the

chosen input mix (e.g. [17e19]). The elasticities of substitution

per country and industry are presented in Appendix A, Table

A.4, at the end of the paper.

3.3. Scenarios

In recent decades the use of different scenario approaches

when assessing the future development of different markets

has become very common. The purpose with a scenario

study is not to try to replicate an uncertain future but to

outline possible development paths describing how the

future may evolve. When performing a scenario study it is

valuable to incorporate scenarios that are clearly distin-

guished from one another [20]. In this way the scenario

analysis may serve as an important basis for discussion and

decision-making when policy makers are to make choices of

future means of control. Besides the policy analysis purpose,

the scenario approach is suitable in this study since statistics

on the current European trade in forest raw materials

generally are poor and a comprehensive picture of the

European market therefore is hard to achieve. The scenarios

addressed in this paper are:

� The Baseline scenario: The European trade in forest raw

materials are calibrated given the circumstances outlined in

the EFTM.

� The RES2020 scenario: The RES2020 Directive is fully imple-

mented. The forest raw material based heat and power

generation will therefore increase on a country basis.

However, the RES2020 Directive presents national targets on

renewable heat and power generation without specifying

the relative electricity generation attributed to forest raw

materials. The estimated forest raw material share for the

year 2005 is 29 percent on an EU wide basis. It is assumed

that this share applies for all EU countries when imple-

menting the RES2020 Directive. This means that some
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countries have to increase their forest raw material based

heat and power generation considerably, while the increase

in other countries will be much less.

3.3.1. The Baseline scenario
The Baseline scenario outlines the European trade in forest

raw materials with no exogenous shocks present. Hence,

this scenario reflects the trade in forest raw materials when

the RES2020 Directive has not yet been implemented. In the

Baseline scenario the heat, power, refined woodfuel and

pulp industry must produce exactly the benchmark output

level, using two inputs when doing so. In the EFTM the

industry sectors will choose their input combinations

according to the marginal product of the inputs and the

input relative prices. The industry sectors strive to minimise

their total cost of production hence their optimal input

combination is where the technical rate of substitution

equals the input price ratio. The national input prices will

thus differ although not explicitly stated, the EFTM indi-

rectly assumes that trade (transport) costs exist between

countries. Interlinking countries, the EFTM is letting coun-

tries produce the goods that they are relatively good at

producing (high marginal products). Thus the countries will

demand relatively large quantities of the inputs used in

their production of focus and if the domestic supply of these

inputs is less than needed the countries can import the

remaining quantity.

3.3.2. The RES2020 Directive
The RES2020 Directive, formally referred to as Directive 2009/

28/EC of the European Parliament and of the Council, endorses

a mandatory target of 20 percent share of energy from renew-

able sources in overall Community energy consumption by the

year 2020. The Directive states that the renewable energy

potential and the energy mix of each Member State varies and

that it therefore is necessary to translate the community 20

percent target into individual targets for each Member State.

Table 1 specifies the national targets. The indicative trajectory

stated in the RES2020 Directive takes year 2005 as its starting

point because it is the latest year for which reliable data on

national sharesofenergy fromrenewable sourcesareavailable.

The target concerns the gross final energy consumption

calculated as the sum of (a) gross final energy consumption of

electricity from renewable sources; (b) gross final consump-

tion of energy from renewable sources for heating and cool-

ing; and (c) final consumption of energy from renewable

sources in transport.

The EFTM does not include the transport sector. Currently,

this sections share of forest raw material consumption is

negligible although there are some test centres producing

bioethanol using forest resources. The sectors in the EFTM

affected by the Directive are therefore the power and the heat

industries. Also, the RES2020 Directive presents national

targets on renewable energy generation without specifying

the relative energy generation attributed to forest raw mate-

rials. In the year 2005, this share (EU average) was 29 percent

which is held constant after implementing the RES2020

Directive [21]. Furthermore it is assumed that this share is

applicable for all member countries.

4. Results

Fig. 4 summarises the net export of by-products in the base-

line and the RES2020 scenario. The trade levels are presented

in million cubic metres solid volume excluding bark. In the

baseline scenario the largest net exporters are Sweden, Fin-

land and Estonia whilst the countries having the largest net

import volumes were Italy, the United Kingdom and Latvia.

When the RES2020 Directive is implemented the largest net

exporters will still be Sweden and Finland but also Austria.

Admittedly, Estonia will increase its net export volume of by-

products but relatively less compared to Austria. Furthermore,

Finland’s net export volume will actually decrease, however

remaining one of the largest net export volumes in the EU. In

contrast to the baseline scenario, the largest net importers

when implementing the RES2020 Directive are France,

Table 1 e National overall targets, percentage share.

Country Share of energy
from renewable

sources in
gross final

consumption of
energy, 2005

Target for share of
energy from renewable

sources in gross
final consumption of

energy, 2020

Austria 23.3 34

Belgium 2.2 13

Czech Republic 6.1 13

Denmark 17 30

Estonia 18 25

Finland 28.5 38

France 10.3 23

Germany 5.8 18

Hungary 4.3 13

Italy 5.2 17

Latvia 32.6 40

Netherlands 2.4 14

Poland 7.2 15

Portugal 20.5 31

Slovakia 6.7 14

Slovenia 16 25

Spain 8.7 20

Sweden 39.8 49

Great Britain 1.3 15

EU19 Average 13.5 23.5

Fig. 4 e Net export of by-products by country baseline and

the RES2020 scenario.
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Germany and the Netherlands. The results indicate that

France, being a small net exporter in the baseline scenario will

import large amounts of by-products relative to its export

numbers in the RES2020 scenario. This may indicate that the

import volume has increased while the export has stayed the

same or even decreased. However, it equally possible that

export has actually increased but relatively less than the

import volume increase. Then again, for the export to increase

other sectors besides the heat and power industries may have

to decrease their use of by-products. Alternatively, France

may actually have substituted between by-products and

logging residues. Still, having a large net import volume of

logging residues in the RES2020 scenario indicates that the

import volumes of both production factors will actually have

to increase substantially in order to cope with the increase in

heat and power production in France. A country such as

France may therefore experience substantial scarcity in these

production factors due to the RES2020 Directive.

Comparing the trade volumes of by-products and logging

residues summarised in Figs. 4 and 5 it is obvious that coun-

tries such as France but also Germany will have to import

large volumes of both by-products as well as logging residues

in order to reach the national targets implied by the RES2020

Directive. In contrast, countries such as Sweden can export

large quantities without conflicting with the national targets

stated in the policy. Hence, in cases like these a country

increases its export to other countries where the scarcity

problems are bigger. However, increasing export volumesmay

affect other industries (besides the energy sector) also

demanding the same input factors, implying that scarcity

problems may worsen in other domestic sectors.

Concerning roundwood, only small volumes are being used

by the energy sector. The model simulations show that the

roundwood market will be left unaffected by an increased

demand for logging residues and by-products. Hence, the

increased demand for forest raw materials by the energy

sector will not have any explicit consequences for the

roundwood market.

Implementing the RES2020 Directive will result in an

increase in the total trade volume for both by-products and

logging residues. This is illustrated in Table 2 in which the

change in the trade resulting from the RES2020 implementa-

tion is compared to the baseline scenario. With the RES2020

implementation the total trade of by-products will increase

from 38 million to 61 million cubic metres solid volume

compared to the baseline scenario. For logging residues the

amount increases from 50 million to 104 million cubic metres

solid volume. This represents a 61 percent and 110 percent

increase for by-products and logging residues, respectively.

Worth highlighting is the results generated when imple-

menting previous EU energy policies on renewables. In

Lundmark and Mansikkasalo [22] the White Paper on renew-

able sources of energy and the RES-E Directive in the EFTM

generated an increase in the overall EU trade level of by-

products of 10 and 50 percent, respectively. For logging resi-

dues the policies boosted the total EU trade with corre-

spondingly 14 and 67 percent. Although these policies are

replaced by the RES2020 Directive, comparing the results still

serve a purpose. Since the goals of the RES2020 Directive can

be considered more ambitious that the previous energy poli-

cies it is possible to conclude that the trade volumes are

positively correlated with the level of policy ambitions.

5. Discussion

The EFTM being a simple model clearly has its limitations.

National trade levels calculated by the EFTM rest on simplified

assumptions and uncertain statistics. Individual country

results therefore have to be interpreted with this in mind.

However, the EFTM is a useful tool for assessing broader

tendencies on the European forest raw material markets,

stressing potential outcomes driven mainly by policy

decisions.

The EFTM results indicate that ambitious energy goals

clearly put upward pressure on the European trade in forest

rawmaterial.However, althoughforest rawmaterial inputsare

useful resources for output production in other countries

besides the local market it has a disadvantage in these coun-

tries compared to home market due to higher transportation

costs. Although implicitly considered by assuming national

input prices, the EFTM is not thoroughly taking into account

the transportations cost that is likely to prevail. Applying

Armington elasticities might be one way of overcoming this

problem.

Increasing or not, the EFTM indicates that larger quantities

of forest raw material have to be traded in order for the

European market to function optimally. Other alternatives,

than the equilibrium one will generate less cost efficient

solutions. Increasing trade levels may solve potential excess

demand problems on the national markets between input

competing industries otherwise suffering a problem securing

their need for the inputs. A situation in which excess demand

is present is not a problem in itself but will be solved by the

prevailing market forces. However, if a market solution is

created by policy interactions it is important to analyse

Table 2 e Percentage change in the total trade in the
RES2020 scenario compared to the baseline scenario.

Input RES2020 Directive

By-products þ61

Logging residues þ110

Fig. 5 e Net export of logging residues by country in the

baseline versus the RES2020 scenario.
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whether the “policy created equilibrium” is optimal or not. A

more integrated European market may stimulate national

energy producers which have a comparative advantage in

forest raw material production to produce and sell large

amounts of forest raw material based energy hence creating

a national excess demand problem for other input demanding

industries such as the forest industry. In this sense, the poli-

cies increases the competition between energy suppliers;

potentially decreasing prices hence creating a larger

consumer surplus and a higher overall economic welfare

since the goods are produces by the producers that do it best.

But once again, other sectors may experience welfare losses

due to the energy policies.

In a time were environmental concern is highly demanded

by different parties it is important not to neglect possible

negative effects with the chosen policies, continuously eval-

uating the consequences ensuring that the policies are

economically and environmentally justifiable. Ambitious

strategies, such as the RES2020 Directive, are clearly positive if

they contribute to a development that is in line with the

sustainable criteria. Similar arguments are present when

discussing other biomass sources such as agricultural

resources in which food productionmay be superseded by the

policy stimulated production of energy crops. In addition, it

has been debated that energy resources can’t be produced in

a sustainable manner given the current conventional agri-

cultural production practices [23].

Hence, more information is needed on the mitigation

options we have available. Since forests store carbon, a thor-

ough analysis of the optimal forest raw material use must

include the analysis of forest management and land practices

and their relative contribution to the reduction of the accu-

mulation of greenhouse gases in the atmosphere. It is some-

times argued that if the forest resources are to contribute to

the decrease of carbon dioxide emissions the sustainability

criteria may actually call for a decrease in total forest felling

[24]. Currently, little roundwood is used for energy purposes.

However, more ambitious energy goals may potentially

increase the use of roundwood for energy purposes poten-

tially increasing the cuttings, or alternatively increasing the

energy use of available roundwood quantities. Furthermore,

since an increased use of forest raw materials for energy

purposes may increase the use of by-products and logging

residues this may potentially lead to a more extensive

removal of needles, branches and tops. Complete removal of

all needles, branches and tops, which are normally left during

forest harvesting operations, decreases the soil carbon store

severely. However, leaving the needles, which should be done

to decrease nutrient losses, changes the carbon budget almost

imperceptibly [25]. A thorough analysis of the consequences

of the policies are further complicated by the fact that global

warming in itself changes the forest and agricultural grounds,

the fauna and the forest soil carbon stores. Increasing

temperatures will increase carbon losses from the soil and

therefore also the basis for the analysis of an optimal forest

management and harvesting level [26,27].

Overall, the results from the EFTM indicate that the trade

levels increases as the EU energy goals gets more ambitious

although actual trade levels might not be as high as suggested

by the model due to other aspects not accounted for in an

optimising model of this sort. The national goals stated in the

RES2020 Directive are mandatory compared to the indicative

recommendations stated in previous EU energy policies on

renewables. The trend towards more ambitious goals

increases the pressure on individual countries to contribute to

its fulfilment. This will inevitably affect the input competing

industries, potentially having consequences for the biodiver-

sity and the forest sustainability. This demands continued

research, and potentially a more comprehensive model, in

order to more thoroughly account for additional aspects that

are to be considered when evaluating the consequences of

different policies.
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Appendix A

The initial (benchmark) values are presented in Tables

A.1eA.3. Note that all volumes are on a solid basis.

Due to insufficient statistics, the production of heat was

estimated using information on plant capacity and average

operation time [1,12]. Information about the production levels

in the refined woodfuel industry, the pulp and the power

sector were collected from Alakangas and Vesterinen [13],

EUROSTAT [28] and FAOSTAT [29]

Table A.1 e Benchmark production levels by country and
industry.

Country Heat Power RWF Pulp

dam3 dam3 dam3 kt

Austria 1739 821 406 1932

Belgium 386 241 63 531

CzechRepublic 199 279 24 753

Denmark 1003 862 429 1

Estonia 639 11 16 69

Finland 1904 4786 374 11,134

France 635 644 39 2504

Germany 14,805 1833 203 2879

Hungary 56 319 10 1

Italy 66 899 356 515

Latvia 3384 3 53 1

Netherlands 1381 863 39 117

Poland 846 361 271 1042

Portugal 951 594 39 1949

Slovakia 223 1 8 609

Slovenia 61 42 0.3 153

Spain 1017 636 45 1973

Sweden 7876 3109 1960 12,108

United Kingdom 3 877 2 341

EU19 37,171 17,180 4339 38,612
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Table A.2 presents the benchmark values for the produc-

tion and price of by-products per country. The production

of inputs is determined exogenously and is estimated based

on Eubionet2 [1], FAOSTAT [29] and Swedish Forest

Agency [30]. Statistics on the prices of industrial by-products

as well as logging residues were collected from

Alakangas and Vesterinen [13] and Eubionet2 [1], and

complemented with statistics presented in Alakangas and

Vesterinen [12].

Finally, the benchmark values for the input consumption

by industry, input and country are presented in Table A.3. Due

to the lack of statistics these represent own calculations based

on Wibe [16], FAOSTAT [29], Svensk Fjärrvärme [31], Franco

and Gianni [32] and Bjerg et al. [33].

Table A.2 e Benchmark production and price of inputs by country and input.

Country By-products Logging residues Roundwood

dam3 EUR m�3 dam3 EUR m�3 dam3 EUR t�1

Austria 4522 31 2493 51 12,786 75

Belgium 633 26 837 45 4290 69

Czech Republic 1334 7 2786 8 14,285 48

Denmark 88 19 158 38 810 71

Estonia 2400 19 1073 15 5500 42

Finland 11,149 19 9188 24 47,116 68

France 1709 32 6141 30 31,490 55

Germany 4980 17 9926 18 50,905 59

Hungary 138 25 547 25 2804 53

Italy 432 19 524 49 2687 367

Latvia 2631 6 2319 15 11,893 37

Netherlands 769 32 160 23 820 41

Poland 2316 36 5591 16 28,672 63

Portugal 1406 18 2136 23 10,953 54

Slovakia 719 18 1756 9 9005 45

Slovenia 107 11 349 9 1789 53

Spain 2880 15 2604 21 13,352 56

Sweden 11,100 26 17,882 28 91,700 44

United Kingdom 1276 13 1582 34 8115 43

EU19 50,588 20.5 68,050 23.3 348,972 70.7

Table A.3 e Benchmark input consumption by industry, input and country.

Country By-products (dam3) Logging residues (dam3) Roundwood (dam3)

Heat Power RWF Pulp Heat Power RWF Pulp Sawmill

Austria 1026 1822 406 5120 1026 1822 102 5120 9892

Belgium 257 535 72 1407 257 535 18 1407 2690

Czech Republic 132 619 27 1995 132 619 7 1995 8153

Denmark 667 1914 429 3 667 1914 107 3 470

Estonia 425 24 18 183 425 24 5 183 3300

Finland 1123 10,624 374 29,505 1123 10,624 94 29,505 22,444

France 422 1431 45 6636 422 1431 11 6636 20,000

Germany 8735 4069 232 7629 8735 4069 58 7629 34,432

Hungary 37 707 12 3 37 707 3 3 1248

Italy 44 1996 356 1365 44 1996 89 1365 1147

Latvia 1997 6 60 3 1997 6 15 3 7950

Netherlands 918 1916 45 310 918 1916 11 310 448

Poland 563 801 271 2761 563 801 68 2761 12,856

Portugal 632 1319 45 5165 632 1319 11 5165 1890

Slovakia 149 3 9 1614 149 3 2 1614 4845

Slovenia 41 94 0.3 405 41 94 0.1 405 1403

Spain 677 1412 52 5228 677 1412 13 5228 7343

Sweden 4647 6901 1960 32,086 4647 6901 490 32,086 58,200

Great Britain 2 1948 3 904 2 1948 1 904 5059

EU19 22,491 38,140 4416 102,316 22,491 38,140 1105 102,316 192,199
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It is assumed, for the calculation of the benchmark values,

that the heat and power industry uses an equal amount of

logging residues and by-products. The same is assumed for

the pulp industry but for roundwood and by-products. The

refined woodfuel industry is assumed to use ten percent

logging residues and 90 percent by-products.

Table A.4 summarises the assumptions made regarding

the elasticity of substitution.

Since the elasticities of substitution between the input

factors are important parameters in the EFTM, a sensitivity

analysis has been conducted to check how sensitive the

results are to changes in these parameters. In the analysis, the

elasticities of substitution are changed by �1 for the heat and

power industries, �0.1 for the woodfuel refining industry and

�0.5 for the pulp industry. Decreasing the elasticities of

substitution will decrease the net import of by-products by 1

percent and logging residues by 2. Increasing the elasticities of

substitutionwill increase the net import of logging residues by

2 percent and decrease the net import of by-products by 2

percent. Overall, changing the elasticity of substitution only

produces relatively small changes suggesting reasonably

robust results.

Appendix B

The calibrated prices of by-products and logging residues in

the RES2020 scenario are presented in Table B.1. In France, the

price of both by-products and logging residues is high. The

simplified assumptions made in the model and the optimi-

sation as such may explain this result. Although France and

Germany net import similar amounts of forest raw material

their benchmark levels differ essentially. The benchmark

production of inputs as well as outputs is fundamentally

lower in France compared to Germany. In addition, the

(volume) increase in forest fuel based energy production is

similar in both countries when implementing the RES2020

Directive. Therefore, due to a relatively larger increase in the

demand for forest raw material inputs the upward pressure

on input prices is higher in France. However, by excluding

France, the average EU18 price would decrease by around 50

percent for by-products and logging residues respectively.

r e f e r e n c e s

[1] Eubionet2. WP1: current situation and future trends in
biomass fuel trade in Europe e country reports. Available at,
http://www.eubionet.org/; 2006 [accessed 15.12.06].

[2] Mansikkasalo A. The European forest trade model: EU policy
and the impact on forest raw material use [licentiate thesis].
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1. Introduction

Far-reaching policy measures have been undertaken in many economically advanced coun-

tries to promote the recycling of different raw materials. The array of public policies includes, 

for example, surcharges on the disposal of recyclable materials, tax incentives and subsidies 

to recycling programs, mandated minimum recycled material content to products, virgin ma-

terial taxes etc. However, the rationale for and the understanding of the consequences of these 

policy measures are often less than complete, and any attempt to promote material recycling

ought to take into account that in many cases (e.g., metal scrap, wastepaper etc.) there exist 

more or less well-functioning economic markets for the recovered (secondary) materials. 

These markets are often highly competitive but they also have unique features, not the least 

since the supply of recovered materials largely is a function of previous consumption patterns. 

Moreover, the prices of these materials are often subject to substantial short-run instability, 

which in turn may hamper the willingness to invest in recycling capacity (Ackerman, 1997).

Policy instruments that attempt to promote recycling efforts beyond the market-clearing 

level need to address the consequences and the importance of the behavior of the relevant 

market actors (e.g., Anderson and Spiegelman, 1977; Brouillat and Oltra, 2012). For instance, 

if the supply of old newsprint is very own-price inelastic, subsidies directed towards the 

recovery of used newsprint will have only limited impacts on recovery rates. The relative cost 

effectiveness of different public policies aimed at reducing waste disposal will also depend on 

market behavior, and on the price responsiveness of demand and supply (e.g., Palmer et al.,

1997; Sigman, 1995). 

The objectives of this paper are to: (a) provide a critical survey of previous econometric

analyzes of supply and demand elasticities in wastepaper markets; and (b) discuss important 

implications of these findings. Specifically, the survey points towards some important policy 

lessons, and it identifies gaps in the economic literature on wastepaper markets. We devote

particular attention to empirical research studies that have provided estimates of the own-price 

elasticities of wastepaper demand and supply, most of these also addressing the role of other 

independent variables (e.g., consumption of final products, prices of substitutes etc.).1 Our

survey is comprehensive although not necessarily exhaustive, and it permits a synthesis of 

1 This implies that we do not discuss studies that analyze the demand and supply behavior in other forest raw 
materials markets (e.g., McCarthy and Urmanbetova, 2011; Tang et al., 2008). Our sole focus on wastepaper 
markets complements previous survey articles of forest sector modeling in economics (e.g., Boungiorno, 1996; 
Toppinen and Kuuluvainen, 2010), which typically have a broader scope as well as focusing mainly on virgin 
forest raw materials. 
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important empirical results and of some of the dominant themes and methodological challen-

ges in the economics literature on wastepaper markets. The earliest elasticity studies are from 

the mid-1970s, and the survey shows that in spite of a growing interest in waste management 

policy and resource efficiency issues most previous studies are of an early date. This provides 

scope for future research, and indeed for revitalizing important issues with new economic 

modelling tools. 

For wastepaper an essentially global industry has since long developed on the basis of 

profit incentives and typically in the absence of any policy intervention; prices have been

determined by demand and supply in the associated markets. Paper products such as news-

print and paper packaging generally account for a large share of total municipal waste in the

developed world (over a third in terms of quantity generated), and the use of wastepaper as an 

input in the production of paper and paperboard has increased worldwide during the last deca-

des (e.g., Berglund and Söderholm, 2003; Van Beukering and Bouman, 2001). Nevertheless,

policies to promote paper recycling and the substitution of wastepaper for virgin fibres have 

typically focused solely on the supply side of the wastepaper market by mandating the remo-

val of used paper and paperboard from the solid waste stream (e.g., Smith, 1997; Nestor, 

1994).2 Generally such policy efforts increase supply, but they will only boost the equilibrium 

rate of paper recycling as long as wastepaper demand is relatively price sensitive. In practice, 

however, many collection schemes have simply led to abundant wastepaper supplies and price 

slumps, and only to moderate increases in wastepaper demand.3 In times of a soaring demand, 

prices can in turn be very high, and there is evidence of significant price spikes in wastepaper 

markets (Ackerman and Gallagher, 2002). This emphasizes the need for empirical research on 

wastepaper markets, including studies of demand behavior. 

According to a number of previous studies (e.g., Zavatta, 1993; Rehn, 1995; Lundmark 

and Söderholm, 2004), technological change has had a positive impact on the use of waste-

paper in the paper and board industry. One important outcome of this development during the 

last decades, it is argued (e.g., Collins, 1992), is increased substitution possibilities between

wastepaper and the other input factors, in particular wood pulp. This notion should, if valid,

facilitate the use of price-based policy efforts aimed at encouraging greater use of wastepaper 

in the production of new paper and paperboard products. For this reason our survey also 

2 There also exist attempts to directly stimulate the demand for wastepaper (e.g., mandatory content legislation). 
However, these have not been as widespread as supply-side policies, and have in part been implemented in a 
response to the failure of wastepaper collection programs to increase wastepaper use (e.g., Nestor, 1994). 
3 See, for instance, Browne (1996) and Nestor (1992) for analyzes of such market developments in the U.S. 
market for old newsprint. 
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addresses previous studies of the cross-price elasticity of wastepaper demand with respect to 

wood pulp, including research that addresses changes in these elasticities over time. 

The paper proceeds as follows. In section 2 we review and discuss a set of early supply 

and demand studies of wastepaper markets, essentially employing simple linear or log-linear 

equations. Section 3 then reviews previous economic research that makes use of neoclassic-

cal production economics to derive and estimate factor demand equations. These studies are 

generally of a more recent vintage, and most of them provide estimates of the own- and cross-

price elasticities of wastepaper demand. The reviews in these sections are comprehensive,

thus addressing the scope of the respective studies, methodological choices, the data used, and 

the most important results. In this way we are also able to shed light on a number of inte-

resting scientific controversies (e.g., modeling price expectations). Section 4 summarizes

some of the main findings, and comments on important differences across studies. Section 5 

highlights a number of key characteristics of wastepaper market, discusses important policy 

implications, as well as some directions for future research. Finally, section 6 provides some 

brief concluding remarks. 

2. Early Supply and Demand Studies of Wastepaper Markets

2.1 Brief Methodological Remarks
With the growing interest in paper recycling in the early 1970s, the economics literature 

began to highlight waste management issues and the behavior of recycled products markets. 

In large part, the initial failures to achieve the expected rates of recycling spawned much of 

this research. The early wastepaper studies in economics have been strongly biased towards 

the U.S. paper and paperboard industry, and methodologically they typically estimate linear 

supply and demand regression equations as a simultaneous equation system of the following 

general type:
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where DR is the consumption of wastepaper in the aggregate paper and paperboard industry, 
SR is the supply of wastepaper, RP and WP are the prices of wastepaper and wood pulp, 

respectively, while iG and iF are vectors containing any additional independent variables 
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included in the demand and supply equations (including lagged values). Additive error terms, 

and , are typically employed in the empirical specifications of the regression equations.

Since these models are linear they do not result in any unique demand or supply elasticities. 

In these cases the reported elasticities are therefore those for a specific year or for the mean of 

the sample, while other studies instead rely on log-linear models and therefore present unique 

estimates of, in particular: (a) the own-price elasticity of wastepaper supply ( S
RR ); the own-

price elasticity of wastepaper demand ( D
RR ); and (c) the cross-price elasticity of wastepaper 

demand with respect to the wood pulp price ( D
RW ).

The early economic studies of the wastepaper market either focus on the supply side of 

the market using a single-equation method or, alternatively, model both sides of the market in 

a simultaneous-equation approach. Many of the supply studies in turn address the role of price 

expectations. One important deficiency of these early research efforts, however, is that they 

do not build on a complete microeconomic model of the underlying technologies, e.g., the 

paper producing technology and the related derived demand for wastepaper and other inputs 

(see further section 3). 

2.2 Empirical Studies
Miedema et al. (1976) is an early example of the supply-oriented approach. They use annual 

data over the time period 1947-1973 to estimate a linear equation for the generation of waste-

paper in the USA. The supply of wastepaper is a function of wastepaper prices and the ave-

rage labour wage rate (used here as a proxy for the cost of wastepaper collection). In order to 

address the problem of endogeneity instrumental variable techniques are used, and the empi-

rical results generate an elasticity of wastepaper supply with respect to the wastepaper price of 

0.09. Hence, a ten percent increase in the wastepaper price would increase wastepaper supply 

by less than one (1) percent. Similar low own-price elasticities of wastepaper supply are

reported in more recent studies. 

Anderson and Spiegelman (1977) use monthly U.S. time series data from January 1962 

to December 1974 to estimate linear wastepaper supply and demand equations. The explana-

tory variables in the supply equation include current and historical (lagged) prices of waste-

paper, previous paperboard container and converted paper product production levels. The 

lagged values of paper and board production are included in order to address the generation of 

scrap by paper product producers. In the demand equation the authors include the current 

price of wastepaper, the current price of wood pulp, the output of construction paper and 
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board as well as the output of combination paperboard. In order to account for simultaneous 

bias, the above equations were estimated using two-stage least square methods.

The empirical results show that the (derived) demand for wastepaper is heavily influen-

ced by the level of production in the paper and board industry. The own-price elasticity of 

wastepaper demand is negative and low, -0.08, while the corresponding cross-price elasticity 

with respect to changes in wood pulp prices is estimated at 0.17. The latter indicates that the 

two raw materials are substitutes in paper and board production. The supply of wastepaper is

found to be positively related to the two proxies for scrap paper availability, and the results 

indicate a short-run own-price elasticity of wastepaper supply of 0.53. However, wastepaper 

supplies are also found to be negatively related to lagged prices, i.e., indicating that the long-

run own-price elasticity of wastepaper supply is lower than the corresponding short-run 

elasticity and it is estimated at 0.40 (at the mean). Anderson and Spiegelman justify the more 

own-price inelastic long-run supply by noting that high prices in the past may serve to deplete 

supplier’s inventories and thus, reduce the current supply of wastepaper.

In scrap metals markets we find evidence of a similar effect. In the case of old (post-

consumer) scrap it needs to be acknowledged that what is recycled from the stock of old scrap 

in one period is not available for recycling in the next period. Thus, the constraint imposed by 

the availability of old scrap is more binding in the long-run compared to the short-run, 

suggesting also that the own-price elasticity of metal supply from old scrap may be greater in 

the short-run than in the long-run (Tilton, 1992; Blomberg and Söderholm, 2009). This result 

is also found in a number of empirical studies (e.g., Fisher et al., 1972; Vial, 2004). However, 

the same effect is less likely in wastepaper markets due to the less long-lived nature of paper 

products compared to metal-containing products, and the notion of lower long-run (compared 

to short-run) own-price elasticities of wastepaper supply has also been seriously questioned in 

more recent studies (see below). 

Deadman et al. (1978) present an economic four-equation model of the U.K. wastepaper 

market. Aggregate wastepaper demand is assumed to be a function of the wastepaper price, 

the output of packaging products and of mechanical pulp prices, while the supply equation is 

formulated as a function of contemporary and lagged wastepaper prices. Furthermore, the 

authors specify an import equation addressing the notion that the paper and board industry 

would, ceteris paribus, import wastepaper only in cases where domestic supplies are found to 

be insufficient to meet forecasted consumption. In addition, the equation system also includes 

an identity relating wastepaper use to domestic supply, net imports and the change in stocks. 
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Similar to many early wastepaper studies the authors use aggregate data covering all different 

grades of wastepaper. The model is estimated using ordinary least square techniques (OLS)

and quarterly U.K. time series data for the time period 1968-1976.

The results show that the demand for wastepaper is heavily influenced by the economic 

performance of the packaging industry, and neither the price of wastepaper nor the price of 

mechanical pulp appear to have any impact on wastepaper use (although no specific elasticity 

estimates are provided in the study). Furthermore, the own-price short-run elasticity of waste-

paper supply was also found to be low. As in Anderson and Spiegelman (1977), the results 

indicate lower long-run than short-run supply responses to price changes, but unlike the for-

mer study Deadman et al. (1978) refer to this latter result as implausible. 

Plaut (1978) estimates demand-supply models for three types of wastepaper grades 

(corrugated, news and mixed) using monthly regional U.S. data for the period 1970-1976. The 

models assume that regional demand for wastepaper by grade is linearly related to three sets 

of variables: (a) the wastepaper price; (b) the price of wood pulp; and (c) a vector of variables 

that address the derived demand for wastepaper. The latter includes the domestic production 

of construction and combination paperboard as well as the national inventory-to-consumption 

ratio for pulpwood (used as a proxy for the temporary shortage of virgin wood pulp in 1973 

and the later glut in 1974-1975). A low ratio indicates that there is a shortage of virgin wood 

pulp, and paper and board manufacturers might as a result be forced to increase their demand 

for wastepaper. In this study wastepaper supply is assumed to be linearly related to two 

variables, its own-price (by grade) and the physical availability (the latter measured by three 

different proxies). However, unlike previous studies Plaut (1978) assumes that wastepaper 

suppliers react only to current and thus not to lagged prices. The demand and supply equation 

system is estimated using two-stage least square procedures (using, for instance, wastepaper 

exports as an instrument variable). 

The empirical results indicate that both the demand for and the supply of wastepaper (in 

all regions and for all three grades) are very price inelastic. The estimated own-price 

elasticities of wastepaper demand are statistically significant in only three out of the nine 

cases, and in these cases the estimated elasticities are actually positive but low (0.05, 0.19 and 

0.21). The estimated own-price elasticities of wastepaper supply are positive and significantly 

different from zero, ranging between 0.10 and 0.29 with an average of 0.20. Furthermore, the 

supply of old newsprint appears to be slightly more responsive to price changes than the 

corresponding supply of corrugated wastepaper.
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Edwards (1979), first published in Edwards (1977), specifies a single supply equation 

for wastepaper. However, he is critical of the earlier wastepaper studies by Anderson and 

Spiegelman (1977) and Deadman et al. (1978), which both employ instantaneous equilibrium 

approaches in static frameworks for which certain estimation results, such as negative weights 

on lagged price levels, were hard to explain ex post. Edwards (1979) argues instead that these 

negative weights could be explained by the response of suppliers to the dynamics of a volatile 

market situation. This argument is essentially based on the idea that wastepaper suppliers 

react on expected prices and thus not on current prices, and his supply equation is therefore 

assumed to be a function of the expected price of wastepaper as well as of the physical 

availability of used paper. In specifying this equation Edwards (1979) assumes that the price 

expectations are adaptive, i.e., they are based on a weighted average of actual price levels in 

previous years and with higher weights assigned to the most recent time periods. The study 

shows that if suppliers’ price expectations are formed adaptively, the contemporary supply of 

wastepaper could be expected to be negatively correlated with lagged prices. 

Since all price variables are lagged in this supply model, there exists no simultaneous 

equation bias and the equation was subsequently estimated using OLS. Furthermore, Edwards 

(1979) assumes that suppliers update their price expectations on the basis of price changes 

rather than price levels. He motivates this by arguing that in volatile markets it is unlikely that 

suppliers would have any conception of a normal price around which deviations can be

regarded as temporary. Instead, it is more likely that they have an idea about the usual rate of 

change in the price. The data used in the empirical analysis were derived from a monthly time 

series for the USA over the time period 1960-1974, averaged and summed to produce quarter-

ly observations. By using quarterly data instead of monthly, Edwards argues, one can ignore

potential short-lived stock adjustment problems. The empirical results show an own-price 

elasticity of wastepaper supply of 0.3 (evaluated at mean values), thus confirming earlier re-

sults indicating relatively modest supply responses to price changes. 

Edwards and Pearce (1978) continue to analyze the implications stressed in Edwards 

(1977, 1979), but empirically their discussion focuses on the U.K. wastepaper market. They 

argue that the cyclical nature of U.K. wastepaper prices is consistent with significant time lags 

in supply, hence shifting supply responses out of phase with actual income fluctuations. 

Edwards and Pearce therefore conclude that contemporary prices are not linked in a simple 

fashion to supply decisions. Instead they act as an input to forming price expectations, and 

suppliers would in turn seek confirmation of their expectations and a degree of price perma-
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nence before reacting to price changes. This type of market behavior is overall consistent with 

a low own-price elasticity of wastepaper supply. For this reason the pulp with which the 

wastepaper competes would have to rise substantially in price for expectations to be formed,

which would significantly increase wastepaper supplies. Edwards and Pearce (1978) do not 

present any own elasticity estimates, but they reproduce the estimates presented in Edwards

(1977) for the U.S. market. 

Deadman and Turner (1981) re-estimate Edwards’s (1979) model using U.K. (rather 

than U.S.) data. Their main argument is that the price expectations model employed by 

Edwards, could not be applied on the U.K. market due to differences in the market structures

of the paper and paperboard industries in the two countries. Specifically, the U.K. wastepaper 

market, it is argued, has exhibited clear oligopsonistic features (see also Grace et al., 1979),

while Edwards (1979) assumed that the wastepaper market has been characterized by perfect 

competition. The authors note than in the U.S., wastepaper prices were very volatile during 

the studied period, while in the U.K. the prices of some paperstock grades had changed only 

three times during a period of 10 years (1968-1978).

When re-estimating the Edwards model the authors use seasonally adjusted production

data (rather than dummy variables) as well as unadjusted data for the time period 1969-1976.

The results do not support the Edwards hypothesis; that is the estimations indicate that the 

coefficient of adaptive expectations does not lie in the range of 0 to 1. For this reason, Dead-

man and Turner (1981) assert, that the Edwards model does not offer a better representation

of the U.K. wastepaper market than the one presented by Deadman et al. (1978). The low 

own-price elasticity of supply estimate reported in Edwards (1979) is however confirmed by 

Deadman and Turner (1981), thus indicating that tax incentives towards the supply of 

recovered paper would not stimulate recycling in an effective manner.

Gill and Lahiri (1980) estimate linear supply and demand equations using U.S. data for 

the period 1952-1974. They argue that the demand for wastepaper is supplemental to the 

preferred use of virgin wood pulp in the large paper and paperboard mills, and that the 

substitution possibilities between wastepaper and wood pulp will look different depending on 

the paper grade. Despite this latter argument they use aggregate wastepaper data, and assume

that a change in the wood pulp price will have the same impact on wastepaper use regardless 

of end product. Moreover, a time trend variable is included to address the potential impacts of 

productivity growth on the use of wastepaper. The authors expect that the derived demand for 

wastepaper should be sensitive to changes in the final demand; they thus expect a significant 
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and positive coefficient for the price of the outputs (paper and paperboard pro-ducts) while 

the impact of the wastepaper price on wastepaper demand is hypothesized to be low. The role 

of wastepaper prices is instead expected to be more profound on the supply side of the 

market. During periods of high prices larger amounts of wastepaper would be collected and 

supplied. In addition, rising costs and increased difficulty of waste disposal in the face of 

stricter environmental controls have also constituted important driving forces in the push for 

more intense recycling efforts. The authors therefore hypothesize that higher disposal costs, 

measured in terms of higher wages for sanitary workers, will increase wastepaper supplies.

The results indicate that wastepaper demand was not influenced by its own price during 

the studied time period. For this reason, Gill and Lahiri argue, wastepaper should be treated as 

an inferior input; its demand is derived primarily from shortages at paper board mills during 

periods of peak demand. Still, and somewhat contradictory, the results also show that higher 

wood pulp prices induced higher wastepaper use with an estimated cross-price elasticity of 

0.20. Wastepaper demand is also found to be influenced by exogenous technological change 

(i.e., the time trend); it appeared to favor the use of wood pulp over wastepaper. One reason 

for this result, the authors speculate, is that the price instability in the wastepaper market has 

hampered technological progress in wastepaper use. On the supply side, the results show a 

low – but statistically significant – own-price effect. The own-price elasticity of wastepaper 

supply is estimated at 0.19. The econometric estimations also display that changes in the 

wages of sanitary workers have had no statistically significant effect on the supply of waste-

paper. Due to the low supply and demand elasticities, the authors conclude that different 

price-based policies, such as the elimination of preferential tax treatments of stumpage profits,

would not have a significant effect on wastepaper recycling rates.

Kinkley and Lahiri (1984) combine the price expectations approach with a simulta-

neous equation procedure. They extend previous work on price expectations in wastepaper 

markets by questioning the adaptive expectations hypothesis applied in Edwards (1979).

Instead they employ a rational (forward-looking) expectations approach in the context of a 

linear supply and demand model for wastepaper in the U.S. The hypothesis of rational expec-

tations suggests that economic agents (i.e., wastepaper collectors and users) forecast prices in 

such a way as to minimize forecast errors subject to the information and decision-making 

costs that confront them. This maintained hypothesis can be specified as follows: 

t
e

t PEP ( )tI [3]
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where e
tP is the agent’s expectations for the price of wastepaper, and tPE( )tI is the mathe-

matical expectation of tP . tI represents the relevant information available at the time of the 

prediction, thus signifying that these expectations are conditional on the information available 

at the time. This does not imply that the economic agents in the wastepaper market make no

forecast errors; it simply means that such errors have no serial correlation, no systematic com-

ponent. 

Kinkely and Lahiri (1984) estimate a structural demand-supply model under rational 

expectations using annual time series data for the U.S. over the time period 1960-1978. They 

use tP as a proxy for e
tP where the instrument for tP is generated by regressing it against a 

number of exogenous variables (i.e., previous production of construction paper and board, 

previous weekly earnings of non-supervisory workers in sanitary services, total consumption 

of wood pulp, total production of paperboard, output per employee per hour in paper, paper-

board and pulp mills and seasonal dummies). The results show that certain reduced form re-

strictions due to the rationality assumption are valid, and the rational price and quantity 

forecasts are more efficient than their adaptive counterpart in terms of a mean squared error 

criterion. The own-price elasticity of wastepaper supply is estimated at 0.23. Hence, as in 

previous studies, the elasticity of supply is found to be low. The authors also report a low 

substitutability between wood pulp and wastepaper in the demand equation.

Ince (1994) outline the so-called North American Pulp and Paper (NAPAP) Model, 

designed to project the evolution of markets and technologies of the pulp and paper sector in 

the U.S. and Canada. In the NAPAP Model, regional markets and trade are modeled for all 

categories of paper, paperboard, and market pulp and all categories of pulpwood and waste-

paper.4 Important components of the model are supply functions for different wastepaper 

grades (e.g., old newspaper, old corrugated, mixed papers etc.). By using U.S. and Canadian 

cross-section data for the year 1986, Ince (1994) estimates own-price elasticities of waste-

paper supply in three U.S. regions (north, south, west) and two Canadian regions (east and 

west). The econometric models used are however not specified, so it is not possible to judge 

the validity of the methodology used. The results indicate that overall the own-price elasticity 

of supply is positive but low for the principal grades of recovered paper (e.g., old corrugated). 

In the U.S. these supply elasticities ranged between 0.07 and 0.67, while the corresponding 

estimates for Canada varied between 0.08 and 0.47. 

4 For a detailed description of the NAPAP Model, see for instance, Ince and Buongiorno (2007). Brief over-
views are also presented in Howard (1997), Ince and Roberts (1992), and Howard et al. (2000).  
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Peace (1994) focuses on the determinants of the supply of post-consumer waste material 

(i.e., material thrown away at home), and develops an econometric model of the supply of 

four recycled materials: aluminum, glass, plastic and newsprint. She devotes particular atten-

tion to the supply of materials at a so-called primary collection facility where recyclable items 

are bought directly from the general public and then sold to a recycled material processor. An 

important contribution of this study is that it assumes that the quantity supplied of a specific 

material is to be related to the quantities and the prices of the other materials recycled. For 

instance, the supply of old newsprint is assumed to be a function of the price of old newsprint, 

the price of plastics and the quantities of recycled glass, aluminum and plastics. The 

newsprint equation also contains a vector representing other exogenous variables affecting

supply (i.e., the median income). The relationship between the four recovered materials is 

expected to be positive. This is based on the assumption that if an individual takes the time to 

recycle one material, the marginal value of the time required to take the other materials to the 

recycling center is likely to be relatively low. In addition, the supply of a recovered material is 

expected to be positively correlated with its own price, as well as the price of the other reco-

vered materials. If a price increase encourages individuals to bring in more of one material, 

they would at the same time bring in more of all types of materials.

Peace (1994) estimates a simultaneous model with four log-form supply equations using 

pooled regional U.S. data from the Denver metropolitan area. The used aluminum, glass, 

plastic and newsprint supplied at 66 recycling centers for 80 weeks during the period

November 1989 through May 1991 were investigated. She employs three stage least squares 

(3SLS) techniques in order to take into account correlation between the disturbances of the 

different structural equations. The results are however not the expected ones; the price of 

newsprint appeared to be inversely related to the supply of recycled newspaper with an own-

price elasticity of -0.20. Moreover, the high correlation between the price of old newsprint 

and the price of recycled plastic did not permit a valid assessment of the relevant cross-price 

effects. 

3. Wastepaper Markets in a Production Economics Framework

3.1 Brief Methodological Remarks
One important deficiency of the research efforts reviewed above is that they do not build on a

complete microeconomic foundation. Specifically, the estimated demand and supply equa-

tions are not derived from the underlying technologies. For instance, in order to analyze the 
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derived demand for wastepaper we must model the ways in which wastepaper is used in the 

production of new paper products. The starting point is the neoclassical production function, 

which can be thought of as a smooth approximation of an engineering production function 

with a large number of production processes (e.g., Slade, 1981). For our purposes, a general 

production function can be defined as: 

),,,,( RWELKfQ [4]

thus describing the maximal output (Q) of paper and paperboard for different input combina-

tions. In this example it is assumed that five different types of inputs are necessary to produce 

the desired output: capital (K), labor (L), energy (E), wood pulp (W) and wastepaper (R). The 

assumptions of cost-minimizing and price taking behavior, respectively, permit a represen-

tation of this production technology through a cost function:

QPPPPPgC RWELK ,,,,, [5]

where C is the total production cost and iP (i = K, L, E, W, and R) represent the factor prices. 

By employing Shephard’s lemma, i.e., differentiating the cost function in [5] with respect to 

input prices, we obtain the conditional input demand equations. These will be a function of 

the respective input prices, and final output. In order to implement these econometrically the 

cost function has to be specified. A common approach has been to employ so-called flexible 

cost functions, i.e., functional forms that do not place any a priori restrictions on the elastici-

ties of substitution. Some commonly used flexible forms are the Translog and the generalized 

Cobb-Douglas (see section 3.2).

On the supply side of the wastepaper market we have to address the underlying techno-

logy of the wastepaper recovery process. This can also be represented by a production func-

tion where wastepaper represents the output and labor often is assumed to be an important 

factor input. By assuming that wastepaper recovery facilities maximize profits and that they 

act on a competitive market, we can derive the so-called profit function (with input and output 

prices as arguments). In this setting applying Hotelling’s lemma, i.e., differentiating the profit 

function with respect to the market price of the output, permits the output supply function and 

the factor demand equations to be derived. The former will be a function of the market price 

(of wastepaper) and the prices of all inputs in the production. In this case the factor demand 

functions are full-fledged demand functions because, unlike the conditional factor demands 

that depend on output, these input demands maximize the firm’s profit. 
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Basically all previous wastepaper market studies adopting the above production theory 

approach focus on the demand side of the market, and there is a strong bias towards the esti-

mation of conditional factor demand functions and the corresponding elasticities. 

3.2 Empirical Studies
Buongiorno et al. (1983) outline a model for the determination of output prices in the U.S. 

paper, newsprint and paperboard industries, taking into account the presence of mark-up pri-

cing in the output market. This represents one of the earliest studies addressing the issue of 

market power in this industry; more recent studies also investigate oligopsonistic features in 

the markets for the inputs.5 The model builds on the specification of a generalized Cobb-

Douglas production technology, and it is assumed that cost-minimizing producers set output 

prices according to a mark-up procedure where the price of the output is set over the average 

unit cost of production by a mark-up factor. The price equation is estimated using monthly 

data over the period 1967-1979 covering five different commodity groups. The input markets, 

including the wastepaper market, are assumed to be competitive, and the estimated cost 

function is also used to derive the conditional input demand functions. The results indicate an 

average own-price elasticity of wastepaper demand of -0.95, and a cross-price elasticity of 

wastepaper demand with respect to wood pulp price of about 0.20. 

Edgren and Moreland (1989) estimate a structural econometric model of the U.S. paper 

and wastepaper markets. It is divided into two parts: the paper industry (i.e., output supply 

and input demands) and the markets that interface with this industry (i.e., output demand and 

input supplies). The former part include conditional input demand equations derived from a 

constant-elasticity of substitution (CES) production function, including one for wastepaper, 

while the latter part specifies a supply equation for wastepaper. Overall the complete model 

contains a total of eleven equations, while in the structural form these are reduced to eight 

(after having included one equilibrium identity for each market). The parameter coefficients 

of the model are estimated using annual time series U.S. data and two-stage least squares 

(2SLS) techniques over the time period 1952-1981. The result indicates an own-price 

elasticity of wastepaper supply of 0.08 (measured at the mean). Furthermore, the result shows

low demand responses to changes in wastepaper and pulpwood prices. Both the own-price 

elasticity of wastepaper demand as well as the cross-price elasticity between pulpwood and 

wastepaper is around zero.

5 See, for instance, Mei and Sun (2008) who find evidence of oligopsony power in the case of pulpwood in the 
U.S. paper industry. See also section 5.1 for a discussion of market structure in the wastepaper markets. 
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Nestor (1992) develops a partial static equilibrium model of the U.S. newsprint industry, 

and investigates the input demand patterns for old newsprint and wood pulp, respectively. She 

argues that due to fundamental differences in pulping technology the scope for price-induced 

substitution between these two raw materials ought to be very limited in the short-run.6 Thus, 

any substantial change in the relative use of old newspaper versus wood pulp would require 

that the newsprint industry invest in new production capacity. For the empirical analysis, 

Nestor specifies a normalized quadratic approximation of the industry variable cost function. 

There is one fixed input, capital, and four variable inputs, energy, labor, old newsprint and 

wood pulp. Shephard’s lemma permits the derivation of the respective input-output equations 

for the variable inputs. 

The model is estimated using annual U.S. time-series data for the period 1958-1987. The 

results show a low but positive short-run cross-price elasticity of wastepaper demand with 

respect to the wood pulp price. It is estimated at 0.03. This supports the notion that the fixity 

of capital in the current period places economic constraints on the relative proportions of old 

newsprint and wood pulp that could be used to produce newsprint. The own-price elasticity of 

wastepaper demand is similarly low in the short-run, and estimated at -0.05. Having a model 

of short-run demand behavior permits Nestor also to induce long-run behavior. Specifically, 

by using the short-run cost function she calculates the shadow cost of the quasi-fixed input, 

capital, and in long-run equilibrium this must equal the (ex ante) rental cost of capital. In 

order to compute the long-run demand patterns, the factor demand equations are simply eva-

luating the optimal capital stock at each observation. In this way long-run own and cross-price 

elasticities of wastepaper demand can be calculated. These estimates show evidence of higher 

but still very modest price responses in the long-run; the long-run own-price elasticity is -0.12 

while the corresponding cross-price elasticity is 0.11. 

Rehn (1995) presents two studies on factor demand in the paper and paperboard industry 

in Sweden. In the first he specifies a Translog production function for the newsprint and kraft 

paper industries. This model allows for substitution between three raw material inputs: waste-

paper, pulp and pulpwood/chips (the other inputs include labor, capital and energy). By inclu-

ding pulp as well as pulpwood/chips, integrated as well as non-integrated pulp mills could be

studied. Rehn employs pooled annual time series data across seven newsprint plants and 11

6 The difference between recycled and virgin newsprint production takes place at the fiber processing stage. 
Virgin fiber production involves separating wood fibers by forcing debarked logs against grinders or by mixing 
wood with an acidic solution and cooking under pressure. In recycled newsprint production, the fiber processing 
stage consists mainly of deinking wastepaper. 
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kraft plants over the time period 1980-1990. For the econometric estimations information on 

the quantities and the cost shares of each input were used. The estimated own-price elasticity 

of wastepaper demand differs only slightly for the different paper qualities and an average 

estimate is reported at -1.12, thus indicating relatively large demand responses to changes in 

the own-price. The estimated cross-price elasticity of wastepaper demand with respect to 

pulpwood prices is however low and about 0.15 on average.

In his second study Rehn (1995) instead specifies a Translog total cost function, now 

focusing only on newsprint and using data for 7 newsprint plants over the time period 1972-

1990. This alternative approach (including the use of data for a more extended time period) 

generates very similar own-price and cross-price elasticities as those reported in the first 

study. Specifically, the own-price elasticity of wastepaper demand is estimated at -1.32, while 

the cross-price elasticity with respect to pulpwood prices equals 0.13. 

Ramaswamy et al. (1996) specify a Translog variable cost function for paper output 

(mostly kraft paper) in which capital is treated as a quasi-fixed input. The variable production 

costs include four main cost categories: raw materials (i.e., wastepaper, agricultural inputs and 

wood pulp), chemicals (i.e., chlorine, rosin, soda and alum), labor and energy. The authors 

use cross-sectional data for 40 Indian paper mills in 1995, the sample being restricted to mills 

that use both imported and domestically generated wastepaper. First a full model is estima-

ted, including the three production factors labor, energy and materials (the latter being a sum 

of imported and domestic wastepaper), thus permitting the substitution between wastepaper 

and labor and energy, respectively, to be analyzed. In a second step a material sub-model is

estimated. The authors report very similar own-price elasticities for imported and domestic 

wastepaper, and on average these equal about -0.08. This indicates thus small responses in 

demand due to changes in the price of wastepaper. 

Hseu and Buongiorno (1997) analyze wastepaper use in the U.S. paper production

industry using annual time-series data for the time period 1959-1987. This is done using a 

non-parametric method based on the weak axiom of profit maximization (WAPM)7 to obtain 

output supply and input demand elasticities in the paper industries. The authors assume the 

presence of competitive markets, and address four outputs (i.e., market pulp, newsprint, paper 

and paperboard) and nine inputs (i.e., capital, labor, energy, chemicals, wastepaper, wood

7 In contrast to a parametric method, the structure of non-parametric models is not specified a priori but is in-
stead determined from the data. For this reason, these methods may be appropriate in situations where little is 
known about the application in question.
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pulp and miscellaneous). The input demand elasticities are estimated at a base point, closest to 

the mean of observations and satisfying WAPM, and they are suggested to reflect long-run 

price responses. The results show an own-price elasticity of wastepaper demand of -2.20, and 

a cross-price elasticity with respect to wood pulp of -1.10. Hence, in contrast to earlier 

studies, Hseu and Buongiorno (1997) conclude that wastepaper demand is own-price elastic 

(in the long-run), and that wastepaper and wood pulp are complements rather than substitutes 

in the production of paper.

Lee and Ma (2001) estimate a Translog restricted profit function for the U.S. paper and 

paperboard industry. This study focuses primarily on wastepaper use, and unlike many pre-

vious studies they distinguish between internal (unpriced) pulp and market pulp. Most of the 

pulp consumed by the U.S. paper and paperboard industry has been transferred internally 

from vertically integrated pulp mills, and unlike the case of market pulp there exist no data on 

this internally generated pulp. For this reason internal pulp is treated as a restricted input, for 

which the quantity is set equal to its profit maximizing level. In brief, the model has two 

outputs (paper and paperboard), three variable inputs (labor, energy, and wastepaper), one 

quasi-fixed input (capital) and one restricted input (pulp). Pulp represents the output of sub-

production but is also an intermediate input in the final production process. 

The authors make use of annual time series data for the U.S. paper and paperboard mill 

sector from the year 1958 throughout 1987. Because of the endogeneity of some of the input 

factors, and the potential endogeneity of output prices and the wastepaper price, the system of 

equations is estimated by iterative three-stage least squares (I3SLS) method. The estimated 

own and cross-price elasticities of wastepaper demand are evaluated at the median year. The 

own-price elasticity of wastepaper demand is estimated at -0.48, while the cross-price elasti-

city of wastepaper demand with respect to unpriced pulp is only 0.01. This suggests that pulp 

and wastepaper are substitutes, while however the wastepaper demand responses to pulp price 

changes are very modest. 

Samakovlis (2003) analyzes the use of wastepaper in the Swedish paper industry, and 

distinguishes between three different paper qualities: soft paper, newsprint and kraft paper. 

She employs a dynamic Translog cost function and uses error correction techniques, permit-

ting the estimation of both short- and long-run price elasticities. Empirically the study uses an 

unbalanced panel data set of 23 pulp and paper plants over the period 1972-1994, all being 

integrated plants using all their produced pulp as input in paper production. The model 

estimates show that the long-run elasticities of wastepaper demand range between -1.57 and 
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-2.18 depending on the paper quality. In the short-run the corresponding elasticities are lower 

but roughly the same across different paper qualities; equaling -0.84. In addition, virgin fiber 

and wastepaper are found to be substitutes, and the long-run cross-price elasticity of 

wastepaper demand with respect to the own-produced pulp price is estimated to 0.4 (on 

average). 

Lundmark and Söderholm (2003) use a similar data set as Samakovlis, although they 

focus on the short-run price responsiveness of wastepaper demand in Sweden for four 

different paper and paperboard products (i.e., newsprint, tissue, carton and kraft paper). The 

authors employ a variable Translog cost function model, which is estimated using a panel data 

set of annual time series data across individual paper and paperboard mills for the time period

1974-1994. In order to test for the existence of changes in substitution possibilities over time, 

the data set is divided into two time periods, one early (1974-1982) and one late (1983-1994). 

Separate estimations are performed for the two sub-samples. This thus represents one of few 

studies that explicitly investigate whether the substitution possibilities between virgin and 

recycled fiber have changed over time. Besides the factor inputs (i.e., wastepaper, wood pulp, 

pulpwood, chips, labor, energy, and capital - the last assumed to be quasi-fixed), a time trend 

indexing technical change is added to the cost function.

The short-run own and cross-price elasticities of demand are calculated at the mean of 

the fitted cost shares for each paper grade. The own-price elasticity of wastepaper demand 

ranges between -2.60 and -0.61 depending on the paper grade. Unlike previous studies, this 

thus shows rather significant price responses even in the short-run. The corresponding cross-

price elasticities of wastepaper demand with respect to wood pulp prices are positive for 

tissue and kraft (0.86 and 0.51, respectively), but negative for newsprint and carton (-0.92 and 

-0.44, respectively). Hence, these results illustrate that wastepaper and wood pulp could be 

substitutes for some paper grades and complements in the case of others. Finally, the results 

from the sub-sample estimations indicate that overall the own-price elasticities of wastepaper 

demand have tended to increase over time. For instance, the own-price elasticity of waste-

paper demand in tissue production was -1.04 during the early period (1974-1982) and -2.26 

during the more recent period (1983-1994).

Brown and Zhang (2005) specify and evaluate econometric output supply models for 

four disaggregated paper products (newsprint, printing paper, tissue, and packaging paper). 

The authors employ a profit function approach and the geometric distributed lag model, and 

rely on U.S. monthly data over the time period 1981-2001. The estimations generate output 
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supply elasticities as well as factor demand elasticities. Both the short-run and the long-run 

own-price elasticities of wastepaper demand are found to be very close to zero, thus indica-

ting a very low price responsiveness. This suggests, Brown and Zhang (2005) conclude, that 

tax incentives focusing on increasing the supply of wastepaper may do little to increase waste-

paper use by paper mills and reduce wastepaper loadings at landfills. 

4. Overall Findings and Differences across Studies

Tables 1 and 2 summarize the scope, methodology and data used in the wastepaper studies 

reviewed in sections 2-3. The supply studies in Table 1 are heavily biased towards the U.S. 

and to some extent the U.K. wastepaper markets. Nevertheless, overall they provide a fairly 

consistent picture of a positive but low own-price elasticity of wastepaper supply, typically 

around 0.20-0.30. The different studies make use of data with varying time intervals (annual, 

quarterly, monthly, weekly etc.). A reasonable hypothesis is that the more narrow this time 

interval is, the less scope there is for significant supply responses owing to changes in the 

price of wastepaper (due to a shorter adjustment period). However, based on the results from 

previous studies, no such pattern emerges. The studies using annual data even appear to report 

lower supply elasticities than the ones relying on, for instance, monthly data. Overall the low 

supply responses to own-price changes can largely be attributed to the fact that these supplies 

are heavily dependent on past consumption patterns, and the supply therefore constitutes an 

essentially fixed proportion of these economic activities. In addition, some generators of post-

consumer paper materials (e.g., households) may be reluctant to increase their waste sorting 

activities even in the presence of significant price increases. 

Our review indicates a strong bias in previous research towards relatively rich countries. 

In the western world, the recycling of wastepaper has been heavily influenced by policies 

activating norms of waste sorting behavior (at least during recent decades). One could expect 

that the more policy-driven (e.g., norm-motivated) the collection and sorting of wastepaper is,

the less own-price sensitive is the supply. On the other hand, poorer countries often have a 

less-developed infrastructure (i.e., roads, railways etc.), and may therefore experience big 

problems in supplying more recovered paper in response to higher prices. Berglund and 

Söderholm (2003) show that empirically the former could be more important than the latter,

and they report a stronger positive effect on wastepaper recovery rates of price increases in 

high- compared to middle-income countries. In the less-developed countries recovery acti-

vities are – in the absence of effective recycling schemes – instead more dependent on high 
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population densities and urbanization rates. Nevertheless, more updated work on the econo-

mics of wastepaper supply in both richer and poorer countries is called for. 

Overall Table 2 displays more significant differences in the estimated wastepaper de-

mand elasticities across the various studies. Most demand studies have been done using U.S.

data, but four Swedish studies and one Indian generate some diversity. Most of the American 

studies report low own-price elasticities of wastepaper demand; the only exceptions are Hseu 

and Buongiorno (1997) that shows high long-run price elasticity estimates and to some extent 

Boungiorno et al. (1983). In contrast, the Swedish studies generally report evidence of signi-

ficantly higher own-price responses, as illustrated by the results of Samakovlis (2003) as well 

as Lundmark and Söderholm (2003). These high Swedish elasticities also contrast with those 

reported for India in Ramaswamy et al. (1996), which reports a very low own-price elasticity 

of wastepaper demand.

The production technologies used worldwide are fairly homogenous (although some re-

gional differences may exist), and there should be little reason to expect that this is the main 

reason for the above inter-country differences. A plausible reason for this discrepancy could

instead be the choice of data set, and what these choices imply in terms of interpreting the 

estimated elasticities as short- or long-run responses. Specifically, the Swedish studies all rely

on pooled time series data across individual paper mills. In contrast, the U.S. studies lean on 

pure time series estimations. This means that the Swedish analyzes and the data used embody

a large amount of plant-specific variations that are likely to reflect long-run responses, this 

since the observations often display a broad range of variation and tend to be the result of 

long-standing circumstances (e.g., geographic location etc.). In contrast, annual or monthly 

variations in use over time are more likely to reflect short-term responses, especially if the 

time intervals used are short and if there have been substantial price variations during the time 

period. In the U.S., prices have normally been highly volatile, something that has likely 

contributed to the low price responses found in many of the time series-based U.S. wastepaper 

demand studies.8 One should note, though, that Lundmark and Söderholm (2003) remove the 

cross-section (plant-specific) variations by estimating a fixed effects model. Their short-run 

elasticities are nevertheless high, suggesting that the differences between Sweden and the 

USA could have other explanations as well. 

8 These interpretations of the inferences that can be drawn from the use of cross-country and time series data are 
often referred to in applied econometric studies. See, for example, Griffin (1977), Pindyck (1979), Baltagi and 
Griffin (1984) and Baltagi (1995). 
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Another possible explanation for the relatively low U.S. wastepaper demand elasticities could 

be that the U.S. research studies reviewed here typically are of an earlier date than the Swe-

dish counterparts. Thus, over time the paper-producing technology may have developed in a 

way that has increased the own-price sensitivity of wastepaper demand. These improvements 

then become evident in the Swedish studies that to a much larger extent employ cross-section 

data for the late 1980s and early 1990s. There exist a number of case studies (e.g., Patrick, 

1994), which support the notion that wastepaper demand has become more price sensitive and 

more substitutable over time. As was noted above, Lundmark and Söderholm (2003) also test

this hypothesis for Sweden, and they find support for the notion that the own-price elasticity 

of wastepaper demand has increased since the 1970s.9

5. Discussion 

As described above there have been several efforts to conduct econometric analyzes of waste-

paper markets, and of the relevant price responses. The empirical scope differs across the 

various studies as does the choice of methodology; in general the model specifications have

become more sophisticated over time, e.g., with a more intense use of flexible cost functions

in modeling demand behavior. In this section the findings from previous research and the 

relevant policy implications are discussed. Specifically, we address: (a) the defining charac-

teristics of wastepaper markets; (b) the impact and the design of efficient policies; and, brief-

ly, (c) the role of technological change. 

5.1 The Characteristics and the Efficiency of Wastepaper Markets
Earlier studies consistently report low own-price elasticities for the supply of wastepaper.

This result is well in line with empirical research on other secondary materials (e.g., steel 

scrap, secondary aluminum etc.) (e.g., Blomberg and Söderholm, 2011), and stems largely 

from the fact that the generation of wastepaper is primarily derived from previous use of 

paper products. In spite of this general consensus, though, most studies employ data on aggre-

gate wastepaper generation. In many regards, wastepaper is not a homogenous product.10 It is

derived from various sources, making the use of aggregates potentially inappropriate. Future 

research therefore needs to address such differences in more detail.

9 Samakovlis (2003) also investigates changes in wastepaper price elasticites over time in Sweden. However, she 
does not permit her model to generate different price coefficients for different time periods. Thus, the repor-ted 
changes in elasticities over time are solely due to changing input cost shares, and for this reason her analysis is 
too restrictive for this purpose. 
10 According to the Institute of Scrap Recycling Industries (ISRI) there are 46 regular grades of wastepaper and 
33 specialty grades. 
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The own-price price elasticity of supply is an important input into any economic analy-

sis of secondary material markets. For instance, modest supply responses to changes in the 

output price of wastepaper add to our understanding of the high observed price volatility in 

these markets. Figure 1 illustrates this notion, and shows the standard deviation of monthly 

price changes for wastepaper and wood pulp, respectively. The data are drawn from the U.S. 

Bureau of Labor Statistics and cover the 30-year time period January 1982 to March 2011. 

Figure 1: Standard Deviations of Monthly Price Changes for Wood Pulp and Wastepaper
Source: U.S. Bureau of Labor Statistics (http://data.bls.gov/pdq/SurveyOutputServlet).

Some wastepaper may be consumed in sectors of the economy that are relatively sensitive to 

changes in the business cycle. The cyclical derived demand for wastepaper in combination 

with the own-price inelastic supply of wastepaper collectors implies that wastepaper prices 

will tend to fluctuate a lot over time and with the business cycle. This may in turn have 

negative impacts on the willingness to invest in secondary material capacity unless prices can 

(at least in part) be secured through forward contracts etc.11 Again, though, these impacts may 

differ a lot across various wastepaper grades, thus also deserving more attention in future 

work. 

Price volatility can however also arise from different inefficiencies and barriers in the 

market, such as the presence of transaction costs and variability in quality leading to “thin”

markets. For instance, information asymmetries may create uncertainty related to the quality 

11 For some firms borrowing significant capital will be difficult in the presence of high price volatility. Watts et 
al. (2001) reports on a UK paper shredding company facing such problems. 
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of batches of traded wastepaper (Nicolli et al., 2012). Ackerman and Gallagher (2002) find

that speculation caused by asymmetric information has played a major role in the price volati-

lity that prevailed in the U.S. wastepaper market in the 1980s and the 1990s. This suggests, 

therefore, that wastepaper markets are not necessarily as efficient as assumed in much empi-

rical work. Many important barriers have been addressed efficiently by the market actors, e.g., 

the use of long-term contracts to lower transaction and search costs and the introduction of 

grading specifications to deal with product heterogeneity, but other challenges remain. For 

instance, the uncertainties associated with waste quality may imply that the material is not 

directed toward its highest potential value-added use even if it is reasonably “clean”. In a 

review of the wastepaper sector in the United Kingdom, WRAP (2003) found that 25 percent 

of the “mixed paper” was graded at too low a level, thus resulting in significant missed 

opportunities for revenue generation.

Observed price changes for secondary materials often match the business cycle, suggesting thus 

that high price volatility can be explained by the interaction of supply and demand in largely efficient 

markets. However, there is also a potential market failure explanation to these price patterns. The 

presence of, for instance, transaction costs and asymmetric information regarding waste inputs implies

that some raw material-dependent industries prefer virgin over secondary materials. This means that 

some of these may turn to recycling markets only as a last resort when the suppliers of virgin materials 

face capacity constraints and are unable to expand output fast enough to meet demand. This can 

explain the surge in secondary materials prices toward the end of economic booms, followed by 

significant price falls when a recession hits the economy (Ackerman, 1997).

Another potential market inefficiency that also deserve further attention in future work is 

the potential exercise of market power. Despite the importance of market characteristics on 

the functionality of wastepaper markets, most reviewed studies are assuming the presence of 

perfectly competitive markets. If this is not the case, the research results might be biased and 

lead to inappropriate conclusions. Edgren and Moreland (1989), among others, recognise that 

the paper industry does exhibit some market power characteristics. Boungiorno et al. (1983) 

model the paper industry with certain large firms as price leaders and where the smaller firms 

act as price followers. However, this study focuses primarily on the oligopolistic features in

the output market.

Mei and Sun (2008) explicitly measure the degree of market power in the paper industry 

by estimating conjectural elasticities. Hervani (2005) find that oligopsony elements have been

present to certain degrees among recycled-content newsprint manufacturers; the oligopsony 
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power has enabled these mills to exert a larger price-cost margin in the market for old 

newspaper. The presence of oligopsony implied lower old newspaper prices, which could not

pay for the cost of collection and recovery efforts, in turn resulting in relatively low recycling 

rates for old newspaper. Moreover, the oligopsonists´ large shares of old newspaper purchases 

deterred new entry into the industry. 

Still, there is thus scope for additional research on the market structure of the wastepaper 

industries. One important issue is whether a limited number of firms in the production of 

primary materials can restrict the substitution between primary and secondary materials due to 

imperfect competition and strategic behavior.

5.2 The Impact and the Design of Efficient Policies
The policy deliberations regarding recycling in general and wastepaper in particular has chan-

ged over time. Initially the aim was to decrease the depletion rate of virgin materials and re-

duce the waste streams in general. For instance, during the 1970s, public concern about the 

conservation of virgin resources (e.g., forests) led governments to state the need for policies 

targeted towards virgin material conservation and decreased solid waste disposal (e.g., An-

dersson, 1977). However, this policy rationale was also contested, in part since a tax on virgin 

forest materials will reduce the incentive to plant new forests.12 More recently, though, recyc-

ling targets have been integrated in overall environmental policies. For instance, LCA studies 

have shown that recycled paper has a lower carbon footprint than virgin fibers. 

The barriers to increased wastepaper recycling have broadly been classified into supply-

side and demand-side barriers. Supply-side barriers cause a shortage of secondary material

because it has not been removed from the waste stream in large enough quantities or cannot 

be separated and prepared for reuse cost-effectively. A variety of supply-side policy tools for 

increasing the amount of material collected has been implemented. Some of these policies 

focus on getting people to recycle voluntarily; other policies attempt to increase the recycling 

rate by creating financial incentives to recycle while others prohibit certain materials from 

being landfilled. The empirical results reviewed in this paper show that even though different 

economic policy instruments, e.g., a recycling subsidy, will induce a substitution of waste-

paper for wood pulp, this effect is likely to be modest due to the generally low own-price 

elasticity of wastepaper supply. This implies that other supply-promoting policy instruments 

12 See, for instance, the seminal article by Darby (1973), who bluntly concludes that: “[…] those who believe in 
“saving trees” should, if anything, urge taxes on the paper recycling industry, so as to reduce paper recycling and 
increase the number of trees,” (p. 1255). 
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often are considered, such as improving collection infrastructure and information campaigns 

to encourage more waste sorting behavior at the household and enterprise levels.

The demand-side barriers include factors such as the relative cost of input materials and 

the costs of transportation. Although collected in massive amounts, paper mills may not be 

equipped to recycle large volumes of the recovered paper (Peace, 1994). It is argued that 

demand-side barriers have become a larger problem as recycling has gained in popularity, and 

more wastepaper has been collected. One often-mentioned problem is that vertically integra-

ted paper mills have traditionally been located near sources of virgin fibers (pulpwood) in-

stead of near urban centers with more readily and more available wastepaper.

Taxes on virgin fibers will encourage increased demand for wastepaper, but (again) the 

impact on the quantity demanded will likely be low due to the low own-price elasticity of 

supply. In recent years there has been increased interest in so-called tradable recycling credit 

schemes. This type of policy imposes a minimum share of recycled content in a particular 

material and allows trading between the responsible firms to reduce (minimize) the cost of 

achieving this level.13 In order to ensure that the recycling target is fulfilled, and given the 

marginal cost of wastepaper, the generators of wastepaper must receive a premium on the 

regular market price. This recycling credit will be endogenously determined, and the higher,

the steeper is the supply curve for wastepaper. Since the empirical research suggests that the 

own-price elasticity of secondary material supply is low, we will experience much higher 

recycling credit prices than anticipated if regulators underestimate the marginal cost of 

secondary material supply. Thus, any uncertainty about the marginal cost of wastepaper 

generation will translate into an uncertainty about the market price of recycling credits (this 

since the recycled-content target is fixed). In contrast, in the virgin materials tax and recycling 

subsidy cases, such uncertainty will instead translate into uncertain outcomes about recycling 

levels. 

So far we have only discussed the possible impacts of recycling policies, thus neglecting 

that the whole theme of government intervention must rest on the notion that the wastepaper 

markets cannot, by themselves, allocate resources in an efficient manner. In the case of 

environmental externalities, the theory suggests that charges on waste disposal could be the 

efficient policy; they will be motivated by the desire to target downstream external costs in 

13 An important example is the scheme for tradable so-called Packaging Recovery Notes (PRN) introduced in the 
UK in 1997 to implement the country’s packaging regulation (O’Doherty et al., 2003; Matsuda and Nagase, 
2012).
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the form of harmful exposure to nature. An important feature of an efficient policy instrument

is that it can target – as closely as possible – the relevant external damage. However, this 

option may not be preferred due to the regulators’ inability to observe, measure, or monitor 

relevant behavior in general and improper disposal in particular. Under these circumstances, 

policy combinations can be equivalent to an environmental damage tax on the unobservable 

activity (Bennear and Stavins, 2007). 

Fullerton and Wu (1998), Walls and Palmer (2001) and Palmer and Walls (1999) argue

that no single policy instrument can generate the efficient level of both downstream and 

upstream waste disposals, and multiple policy instruments are therefore necessary to fully 

internalize the externalities. Palmer and Walls (1999) argue that a combination of a tax on 

intermediate goods (or natural resources) and recycling subsidy would provide the appropriate 

incentives (see also Ino, 2011).

“[S]ince the tax discourages production, it acts to reduce waste. And if the tax is assessed 

per pound of intermediate material produced, it gives producers of those intermediate 

goods the incentive to produce lighter-weight products. This further reduces the amount 

of materials entering the waste stream. [Moreover], the subsidy for recycling encourages 

the use of secondary materials in production by reducing their cost relative to virgin 

materials.” (p. 4).

This system is similar to a deposit-refund system in which the deposit acts like a tax on the 

virgin material, while consumers who recycle get the refund back. In this respect a virgin 

materials tax and a recycling subsidy can thus be policy complements rather than substitutes.

It is also useful to discuss the choice of efficient policy approaches in the presence of 

regulatory uncertainty about the marginal costs of virgin and recovered material supply, 

respectively. The low own-price elasticity of wastepaper supply will play an important role 

also in this respect. Consider the choice between a virgin material tax and a tradable recycling 

credit scheme; these are essentially policy substitutes since they both induce a greater demand 

for secondary materials. In a situation where the regulator has complete information about the 

marginal cost curve for secondary and virgin materials both policies could easily be designed 

to generate the same market outcome in terms of secondary material use. 

However, the environmental economics literature recognizes that the existence of major 

uncertainties about the compliance costs is critical for the choice between these types of 

policy instruments. Specifically, emphasis may be put on controlling either quantities or

prices. Previous studies show that if the marginal costs of recycling are uncertain but can be 
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expected to rise steeply with increased recycling levels compared to the marginal benefits of 

recycling (i.e., the avoided environmental damages) economic efficiency speaks in favor of a 

price-based rather than a quantity-based policy (Weitzman, 1974). The case for a quantity-

based policy would however be stronger if the marginal cost curve for recycled materials is 

relatively flat and the marginal benefits of increased recycling involve critical thresholds and 

thus increase significantly with more intense recycling. In the latter case it would be impor-

tant to fix quantities to avoid the risk of significant environmental damages (of not recycling 

enough). 

Overall it is probably easier to argue that the former situation applies to material 

recycling in general and wastepaper use in particular, thus calling for, for instance, the use of 

virgin material taxes rather than tradable credit recycling schemes. We have already noted 

that the own-price elasticity of secondary material supply tends to be low (thus indicating a 

steep marginal cost curve). Moreover, although an increased use of recycling may avoid the 

spread of hazardous substances in specific cases, the environmental benefits of material 

recycling are overall not likely to exhibit significant threshold effects suggesting a steep mar-

ginal benefit curve at low levels of recycling. On occasion material recycling may even cause 

increased discharges of hazardous substances, not the least when involving the processing of 

materials of mixed and uncertain quality (e.g.,. Nicolli et al., 2012). 

5.3 The Role of Technological Change
Production technology largely determines the scope for substitution between wastepaper and 

wood pulp, as well as the ability to collect and supply wastepaper in the market. For this rea-

son changes in technology and the extent to which these changes are policy-induced also 

constitute an important area for future research. Rehn (1995) finds that technological change 

has, ceteris paribus, contributed to an increased use of wastepaper in the Swedish paper and 

board industry. Also Lundmark and Söderholm (2003) find a technical bias towards waste-

paper use in Sweden, and argue that this technological change could have been stimulated by 

consumer demand favoring paper brands with a large share of recycled paper content. Still,

the results reported in Lundmark and Söderholm (2004) suggest that the magnitudes of these 

impacts are likely to have been rather small.

The cross-price elasticity of wastepaper demand with respect to wood pulp largely 

reflects the technical substitution possibilities between the two inputs, and this elasticity could 

thus change over time as a result of technical progress. There is limited empirical work on 
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such changes in price responses over time. Generally, the Swedish estimates indicate higher 

own-price and cross-price demand elasticities compared to findings in other (mainly U.S.) 

studies. One potential explanation for this is that technological change has over time lead to 

higher price sensitivities. Generally, the U.S. studies only cover wastepaper demand patters 

up until the late 1980s.

As was noted above, there is also a need for greater scrutiny of differences across 

various paper grades. According to Lundmark and Söderholm (2003) wastepaper could be 

considered a substitute for wood pulp in the production of tissue and kraft but a complement 

in the production of newsprint and cartoon. Samakovlis (2003) find similar results, and report 

the presence of substitutability between wood pulp and wastepaper in kraft production. The 

mixed results could be explained by the fact that occasionally wastepaper and wood pulp are

both substitutes and complements. Specifically, a number of paper and paperboard mills must 

use some minimum amount of wood pulp (and, in certain instances, also wastepaper), but 

above these limits they tend to be flexible (also in the short run) and could relatively easily 

substitute one of the materials for the other. All in all, the relationship between wood pulp and 

wastepaper appears to be more complex than suggested in current research efforts.

Technological change at the supply side of the wastepaper market has likely been more 

significant, as suggested by Turner and Grace (1976). They argue that recycling policies have 

induced the development and the refinement of wastepaper treatment technologies resulting

in, for instance, an improvement in the physical quality of recycled fibers.

6. Conclusion

During the last decades, recycling of a wide array of materials, ranging from food product 

waste to advanced products such as cars and computers has become part of everyday life, and 

a wide array of policies have been implemented to further increase recycling rates. Due to the 

often high value of some recycled materials such as wastepaper, recycling has been under-

taken for virtually as long as these materials have been used, and typically in the absence of 

any policy intervention. Thus, for many secondary materials an essentially global industry has 

developed on the basis of profit incentives, and prices have been determined by demand and 

supply in these markets. 

This paper has reviewed the empirical literature on price responses in wastepaper mar-

kets. An increased understanding of wastepaper market behavior and the interactions with the 

markets for virgin fibers is essential both for the involved enterprises and firms and as an 
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input into the public decision-making process on the design and evaluation of different policy 

instruments. The paper also identifies a number of methodological challenges in the study of 

wastepaper markets, and points towards important lessons for future economics research on 

wastepaper demand and supply. 

Previous research confirms that the own-price elasticity of wastepaper supply typically 

is low (about 0.20-0.30). These low supply responses to price changes emerge because these 

supplies are heavily dependent on past consumption patterns, and supply therefore constitutes

an essentially fixed proportion of these economic activities. As discussed above, this result 

has several important implications. Specifically, it: (a) adds to our understanding of price 

volatility in wastepaper market (although other factors, such as information asymmetries, 

speculation etc., also likely play a role here); (b) suggests that the use of economic incentives 

in recycling policy (e.g., recycling subsidies, taxes on virgin fibres etc.) could have only 

limited impacts on wastepaper use; and (c) carries important implications for the efficient 

choice between price- and quantity-based recycling policies. Economically efficient recycling 

policies must however also consider different combinations of instruments to address the 

environmental impacts of both upstream and downstream waste disposal. 

The empirical work on the price responsiveness of wastepaper demand does not show 

overall consistent results. In part this is due to differences in geographical scope and the time 

period studied, as well as the methodological difficulties in distinguishing between short- and 

long-run responses. This suggests more detailed studies of the relationship between waste-

paper and wood pulp in the production of different paper and paperboard products, including 

changes in technology over time and due to consideration of important differences across 

various wastepaper grades. 

Finally, the review of the literature also suggests that future research should devote 

increased attention to different non-environmental market inefficiencies discouraging the 

efficient uptake of recycled materials in the market place. These include, for instance, various 

types of information failures (e.g., regarding product quality etc.), and the exercise of market 

power. Although most wastepaper markets are global in scope and overall relatively transpa-

rent, these issues deserve further attention. In many cases the market actors will themselves 

find alternative means to deal with many of the apparent inefficiencies in the market, e.g., 

through grading specifications (information failures) and the reliance on waste brokers (search 

costs). However, this will not always be the case, and under such circumstances some well-

targeted policy measures can be used to address particular market failures.
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Interview Guide in English

Questions Values Coding

Awareness

Awareness of energy efficiency (EE) within the firm
1. Awareness today 

How is the importance of energy efficiency 
communicated within the firm as a whole? Give 
examples.

1 Not communicated

1-5, do not
know,

no answer
2-3

Informal contacts are used to 
communicate the importance of 
EE

Occasional training in EE to 
staff members

4-5

Regular training in EE to staff 
members

The importance of EE is 
communicated heavily 
throughout the firm - it is part of 
the company culture.

2. Awareness - "historically" (however no longer 
back than the year 2001)

Looking back ten years; has it always been like this?

The interviewer is trying to capture a potential 
difference between "then and now". Note; no longer 
back than the year 2001.

1 Not communicated
Guidelines for the interviewer:
One company received the "score" 4 in question 1 
above. However, the examples given in question 2 
shows that the company was slightly less aware than 
previously, resulting in 3 points for question 2.

1-5, do not
know,

no answer

2-3

Informal contacts were used to 
communicate the importance of 
EE

Occasional training in EE to 
staff members

4-5

Regular training in EE to staff 
members

The importance of EE was 
communicated heavily 
throughout the firm - was part of 
the company culture (even then).



Awareness of energy efficiency (EE) within top management
3. Awareness within top management - today

(a) Is energy efficiency a formal strategic goal in the 
company?
(b) Is EE a (given) topic at top management 
meetings?

Overall assessment of (a) and (b)

1 No, not a goal, not discussed

1-5, do not
know,

no answer
2-3

Some amount of awareness: 
stated informal/formal goals/ 
guidelines. EE is discussed 
among top management (1-2
times per year).

4-5
EE is an important component of 
the business strategy: continuous 
discussions, clear formal goals.

4. Awareness within top management -
"historically" (however no longer back than the 
year 2001)

Looking back ten years; has it always been like this?

Note; is there a difference between then and now? 
What are the differences?

Overall assessment of (a) and (b)

1 No not a goal, not discussed

1-5, don´t
know,

no answer
2-3

Some awareness existed: stated 
informal/formal goals/ 
guidelines. EE was discussed 
among top management (1-2
times per year).

4-5

EE was an important component
of the business strategy: 
continuous discussions, clear 
formal goals “even then”.

Organizational Structure

Environmental/Energy Manager
5. Environmental/Energy manager - today

Does the firm have someone in specific charge for 
energy issues (e.g. an energy manager)?

(Alt: do
not know, 
no answer)

1: Yes
0: No

If yes on question 5, ask questions 6 through 10 -
otherwise skip to question 11.
6. Environmental/Energy manager -
"historically"

Since when has the firm had someone in specific 
charge for these issues; before or after 2005?

(Alt: do
not know, 
no answer)

1: Before 2005
0: After 2005



Responsibilities
7. Responsibilities - today

What other responsibilities (if any) does the 
environmental/energy manager have?

1 Several other

1, 3 or 5, 
do not

know, no 
answer

3
A few others (personnel,
production, etc.)

5 No other

8. Responsibilities - "historically" (however no 
longer back than the year 2001)

Looking back ten years, has it always been like this? 1 Several other

Note; the interviewer should try to capture whether 
or not the environmental/energy manager previously 
had a more/less pronounced role (i.e. less/more other 
responsibilities).

1, 3 or 5, 
do not

know, no 
answer

3
A few others (personnel,
production, etc.)

5 No other

"Hierarchical Distance"
9. "Hierarchical distance" - today

How far below the CEO is this person (in the 
corporate hierarchy)?

1 More than three levels below

1, 3, or 5, 
do not

know, no 
answer

3 2-3 levels below

5
The environmental/energy 
manager reports directly to the 
CEO (top management)

10. ”Hierarchical distance"- "historically "
(however no longer back than the year 2001)

Looking back ten years, has it always been like this?

Note; is there a difference between then and now? 1 More than three levels below

1, 3, or 5, 
do not

know, no 
answer

3 2-3 levels below

5
The environmental/energy
manager reported directly to the 
CEO (top management)



Energy Audits in the Production Process
11. Audit/monitoring/analysis - today

(a) Does the firm audit/monitor the energy use in the 
production process?
If yes; 
(b) Describe which types of energy flows that are 
monitored.
(c) Describe the system used.
(d) How often do you monitor this?
(e) Describe how the energy statistics are then used -
which analyzes are performed? Give examples.

Overall assessment of (a) 
through (d)

1
No such measures are 
undertaken

1-5, do not
know, no 
answer

2-3

Sub-metering is made (heat, 
electricity, etc.) and reported 
monthly/yearly. These result in 
analyzes and suggestions for 
improvements (1-2 times per 
year)

4-5

The energy flows are measured 
closely, such as by the hour and 
for every energy source. This 
energy use is reported daily or 
weekly and results in continuous
analyzes and suggestions for 
improvement.

12. Audit/monitoring/analysis - "historically"
(however no longer back than the year 2001)

Looking back ten years, has it always been like this? Overall picture of (a) through (d)

Note; Is there a difference between then and now? 
What has changed?

1
No such measures were 
undertaken

1-5, do not
know, no 
answer

2-3

Sub-metering was made (heat, 
electricity, etc.) and reported 
monthly/yearly. These resulted 
in analyzes and suggestions for 
improvements (1-2 times per 
year)

4-5

The energy flows were measured 
closely, such as by the hour and 
for every energy source. This 
energy use was reported daily or 
weekly and resulted in 
continuous analyzes and 
suggestions for improvement.



Targets for Energy Consumption in the Production Process
13. Target
Does the firm have specific energy use goals for the 
production process?
Be as specific as possible.

(Alt: do
not know, 
no answer)

Yes: 1 (quantitative targets,
monetary targets, etc.)
No: 0
Stated target:

If yes to question 13, ask question 14 (otherwise, 
skip to 15).
14. Implementation

Since when do you have process-related EE goals? (Alt: do
not know, 
no answer)

1: Before 2005
0: After 2005

EE Investments
15. EE criterion

Is EE one criterion when making an investment?

In other words;
(a) Are data collected for different investments 
concerning their impact on EE? Is EE important 
when making new investments?
(b) Have you made any investments specifically to 
improve EE? That is, has the firm chosen one 
technology instead of another based on the former 
being more EE? Give examples.

Ex: A sawmill invests in a new bark dryer (mainly) 
because it is more EE. Overall assessment of (a) 

through (b)

1-2
EE is never or rarely considered 
when making an investment (due 
to other priorities).

1-5, do not
know, no 
answer

3
The firm applies such a criterion 
and has been able to state 
examples thereof.

4-5

The firm´s investment decision 
process is based on BAT (with 
respect to EE) (and was able to 
exemplify this).

16. Before/after 2005

When was the last EE investment made; before or 
after 2005?
If you have taken several actions, choose the one 
with the greatest impact on your EE. Be as specific 
as possible.

(Alt: do
not know, 
no answer)

1: Before 2005
0: After 2005
The investment concerned:



17. "Sources of information"
How did the firm learn about the measure 
(investment) discussed above?

17.1 Through an external consultant Yes: 1
No: 0

17.2 Through the government, other authorities Yes: 1
No: 0

17.3 Through a customer Yes: 1
No: 0

17.4 Through a supplier Yes: 1
No: 0

17.5 Through an employee Yes: 1
No: 0

17.6 Through an R&D project Yes: 1
No: 0

17.7 Through a competitor Yes: 1
No: 0

17.9 Through collaboration with a university Ja: 1
Nej: 0

17.9 Other (Alt: do
not know, 
no answer)

Via:  

PFE 
18. Energy intensity; in line with PFE

Does your company meet the energy intensity 
criteria required for participation in PFE?

Either;
(a) The cost of energy (purchased and 

internally generated) in the company 
amounts to at least 3 percent of the 
production value, and/or

(b) The energy, carbon dioxide and sulfur taxes
that the firm have to pay amount to at least
0.5 percent of the firm´s value added

(Alt: do
not know, 
no answer)

Yes: 1
No: 0

Environmental Code
19. Environmental permits

Has your company been subject to environmental 
permitting?

(Alt: do
not know, 
no answer)

Yes: 1
No: 0

If yes on question 19, ask question 20

20. Requirements for energy savings
Did it include energy saving requirements? (Alt: do

not know, 
no answer)

Yes: 1
No: 0

If yes on question 20; ask question 21
21. Design

How are the conditions formulated?
Flexible?
Specific requirements (e.g. maximum quantity of 
electricity used/ton of produced product)?

Text:



System Perspective

To the interviewer: with “strategies” as referred to 
below we mean (in line with the Swedish Energy 
Agency, 2012): General and systematic methods for 
the design of integrated production systems, ranging
from a sub-process to an entire facility, with the
focus on energy efficiency and a reduction of the 
environmental impact.

22. Process integration

Does the firm have any specific strategies aimed at
finding economical and energy efficient system
solutions? If yes, describe these.
Also explain the outcome of these strategies.
The company may for instance conduct life-cycle 
cost analysis (LCA), which has resulted in an 
increased utilization of excess heat.
For instance; blast furnace slag is first used to 
produce iron and then a second time to produce 
cement.

Text:

23. Process integration projects

As a result; is there any collaboration with other 
parties (municipalities, other firms, universities, 
etc.)? If yes, describe these.

One example is the process integration project
conducted between “Skogshalls bruk” (a paper mill)
and Linköping´s University. The project identified 
effective system changes such as increased levels of 
condensate recycling, recycling of heat from smoke 
gas, changes in cooling, heat pumping, more 
efficient evaporation etc. 

Text:

Rationality
24. Rationality/bounded rationality - today

Would you say that the firm systematically assesses
all potential energy efficiency measures or is the 
decision-making process simplified in any way 
(through rules of thumb, based on what currently 
works well, etc.)? Explain.

1-2

Decision-making is highly 
simplified (e.g. based on rules of 
thumb) and/or based on 
technologies that currently work 
well etc.

1-5, do not
know,

no answer
3

The respondent exemplifies that 
they make satisfactory but not 
optimal considerations

4-5

The respondent provides several 
examples of options being 
seriously evaluated and 
investments rejected or adopted 
due to, for instance, a rational 
assessment of risk.



25. Rationality / bounded rationality -
"historically" (however no longer back than the 
year 2001)
Looking back ten years, has it always been like this?
Note; is there a difference between then and now? 
Has anything changed?

1-2

Decision-making was highly 
simplified /e.g. based on rules of 
thumb) and/or based on 
technologies that currently 
worked well etc.

1-5, don´t
know, no 
answer

3
The respondent exemplifies that 
they made satisfactory but not 
optimal considerations

4-5

The respondent provides several 
examples that options were 
seriously evaluated and 
investments rejected or adopted 
due to, for instance, a rational 
assessment of risk.

Risk
26. Discount rates/pay-back times - today
To the extent that a decision is based on the 
investment's expected financial return - can you 
specify the discount rate and/or the payback period 
used for potential EE investments?

Discount rate:
Pay-back time:

If the answer to question 26 is yes, ask question 27;
27. Discount rates/payback time - "historically"
(however no longer back than the year 2001)

Looking back ten years, has it always been like this? Discount rate:
Pay-back time:

If they differ (historically compared to today), can 
you explain why?

Text:

Hidden Costs
Economic analyzes do not include all costs related 
to a technology investment
28. Occurrence - today
Are there any other costs, besides those directly 
related to the investment, that are taken into account
when considering a potential energy efficiency
investment? For instance,
(a) the costs of production disruption?
(b) the cost of hiring new staff/retraining the 
existing one?; and/or 
(c) the cost for identifying the opportunities; analyze 
their costs and the cost of procurement?”

1-2

The respondent cannot give any 
example (or only a few), which 
illustrate that such costs are 
considered, and hence a barrier 
for the implementation of an 
investment.

1-5, do not
know, no 
answer

3
Such costs prevail occasionally; -
may work as a barrier to the 
implementation of an investment.

4-5

Specific examples of the 
occurrence of such costs, 
resulting in a potential investment 
being considered but not 
implemented.



29. Occurrence - "historically" (however no 
longer back than the year 2001)
If you look back ten years, has it always been like 
this?
Note the interviewer: is there a difference in the
concern for hidden costs of "now” compared to”
then"?

1-2

The respondent could not give 
any example (or only a few), 
which illustrate that such costs 
were considered, and hence a 
barrier for the implementation of 
an investment.

1-5, do not
know, no 
answer

3

Such costs prevailed 
occasionally; - could work as a
barrier to the implementation of 
an investment.

4-5

Specific examples of the 
occurrence of such costs, 
resulting in a potential investment 
being considered but not 
implemented.

Environmental Protection Investments
30. Environmental  protection investments

What type of environmental investments (so-called 
environmental protection investment) has been 
conducted during the last 10 years?

Text:

To the interviewer: the respondent may talk about 
process internal or process external investments. But 
also investments in "green" R&D such as the EESI 
project (in the sawmill industry) or ULCOS – a
carbon capture and storage project (in the iron and 
steel industry)

Firm and Plant Characteristics

1. How many employees does the company have? Average 
number of 
full-time 
workers

2. How many plants does the firm have?

3. How long has the company been operating?

4. How much electricity does the company use
yearly?

MWh/year

5. What is the firm's total production value? kSEK

 



The Interview

1. Interview duration Minutes

2. The interviewer's perception of the interviewed 
person’s reliability.

1-2
A certain EE knowledge of its 
facility, little knowledge about
the rest of the company's EE

1-5 3
EE expert knowledge of the
facility, some EE knowledge 
about the rest of the company

4-5
EE expertise concerning the 
entire firm

3. Respondent's professional title (his/her primary 
responsibility within the company)

Director/Manager
Business Executive
Construction Manager
Production Manager
Technical Expert
Environment /EE Manager
Other:

4. Number of years on post?
0: < 4 year

5. What is the respondent's professional 
background?

Technical
Economical
Other



 

Interview Guide in Swedish

Frågor Värden Kodning

Medvetenhet

Medvetenhet om energieffektivisering (EE) 
inom hela företaget 
1. Medvetenhet idag

På vilket sätt kommuniceras betydelsen av 
energieffektivisering inom hela företaget? Ge 
exempel.

1 Kommuniceras ej

1-5, vet ej,
ej svarat 2-3

Informella kontakter för att 
betona betydelsen av EE

Sporadisk utbildning av personal 
för att öka medvetenheten

4-5

Regelbundna utbildningar i EE 
för att öka 
personalmedvetenheten

Värdet av EE marknadsförs hårt 
inom hela företaget – är en del 
av företagskulturen.

2. Medvetenhet – ”historiskt” (dock efter år 
2001)

Om du tittar tillbaka tio år, har det alltid sett ut så?

Det intervjuaren ska försöka fånga är huruvida en 
skillnad existerar mellan ”då och nu”. OBS! Ej 
längre tillbaka i tiden än 2001.

1 Kommunicerades ej
Riktlinjer till intervjuaren:
Ett företag fick ”poängen” 4 i fråga 1 ovan men ger 
här exempel som visar att företaget var något mindre 
medvetet ”tidigare” vilket innebär att det får poäng 3 
på fråga 2.

1-5, vet ej,
ej svarat

2-3

Informella kontakter för att 
betona betydelsen av EE

Sporadisk utbildning av personal 
för att öka medvetenhet

4-5

Regelbundna utbildningar i EE 
för att öka 
personalmedvetenheten

Värdet av EE marknadsfördes 
hårt inom hela företaget – var en 
del av företagskulturen ”redan 
då”.



 

Medvetenhet om EE inom ledningen
3. Medvetenhet inom ledningen - idag

(a) Är energieffektivisering ett uttalat strategiskt mål 
för företaget?
(b) Ar EE en (given) punkt på ledningsmötena? Samlad bild av (a) och( b)

1 Nej, inget mål, diskuteras ej

1-5, vej ej,
ej svarat 2-3

En viss medvetenhet: uttalade 
informella/formella 
mål/riktlinjer. EE diskuteras 
inom ledningen (1-2 ggr per år).

4-5
EE är en viktig del av 
affärsstrategin: löpande 
diskussion, tydliga formella mål.

4. Medvetenheten inom ledningen – ”historiskt” 
(dock efter år 2001)
Om du tittar tillbaka tio år, har det alltid sett ut så?

OBS! Existerar en skillnad mellan då och nu? Vilka 
är skillnaderna?

Samlad bild av (a) och (b)

1 Nej, inget mål, diskuterades ej

1-5, vej ej,
ej svarat 2-3

En viss medvetenhet: uttalade 
informella/formella 
mål/riktlinjer, EE diskuterades 
inom ledningen (1-2 ggr per år).

4-5

EE var en viktig del av 
affärsstrategin: löpande 
diskussion, tydliga formella mål 
”redan då”.

Organisatorisk struktur

Miljö/energiansvarig 

5. Miljö/energiansvarig - idag

Är det någon i företaget som är specifikt 
miljö/energiansvarig?

(Alt: vet 
ej, ej 

svarat)

1: Ja
0: Nej

Om ja på fråga 5, ställ fråga 6 tom 10 – annars 
hoppa till fråga 11.
6. Miljö/energiansvarig – ”historiskt” 

Sedan när har företaget haft en miljö/energiansvarig;
före/efter 2005?

(Alt: vet 
ej, ej 

svarat)

1: Före år 2005
0: Efter år 2005



 

Ansvarsområden
7. Ansvarsområden - idag

Vilka andra ansvarsområden har 
miljö/energiansvarig?

1 Flertalet andra 

1, 3 el. 5, 
vej ej, ej 

svarat
3

Ett par andra (personal, 
produktion etc.)

5 Inga andra

8. Ansvarsområden – ”historiskt” (dock efter år 
2001)

Om du tittar tillbaka tio år, har det alltid sett ut så? 1 Flertalet andra 

OBS! Det som intervjuaren ska försöka fånga är om 
miljö/energiansvarig tidigare hade en mer/mindre 
uttalad roll (färre/fler andra ansvarsområden). 

1, 3 el. 5, 
vej ej, ej 

svarat
3

Ett par andra (personal, 
produktion etc.)

5 Inga andra

”Hierarkiskt avstånd”
9. ”Hierarkiskt avstånd” - idag

Hur långt under VD är denna person (i 
företagshierarkin)?

1 Mer än 3 nivåer under

1, 3, el. 5, 
vej ej, ej 

svarat
3 2-3 nivåer under

5
Miljö/energiansvarig rapporterar 
direkt till VD (företagsledning)

10. ”Hierarkiskt avstånd” – ”historiskt” (dock 
efter år 2001)

Om du tittar tillbaka tio år, har det alltid sett ut så?

1 Mer än 3 nivåer under

OBS! Existerar en skillnad mellan ”nu och då”? 1, 3, el. 5, 
vej ej, ej 

svarat
3 2-3 nivåer under

5
Miljö/energiansvarig 
rapporterade direkt till VD 
(företagsledning)



 

Krav på energikartläggning & analys - produktionsprocessen
11. Kartläggning/övervakning/analys - idag

(a) Kartlägger/övervakar ni energianvändningen i 
produktionsprocessen?
Om ja;
(b) Beskriv vilken typ av energiflöden som 
övervakas? 
(c) Beskriv det system ni använder er av. 
(d) Hur ofta övervakar ni detta?
(e) Beskriv hur energistatistiken därefter används –
vilka analyser görs? Ge exempel. Samlad bild av (a) tom (d)

1
Energianvändning mäts ej på 
processnivå. Inga analyser görs.

1-5, vej ej,
ej svarat 2-3

Mätning görs (värme, el etc.),
rapporteras månads/årsvis. 
Analyser och ev. förslag på 
förbättringar 1-2 ggr/år.

4-5

Detaljerad energiövervakning 
ex. timsövervakning av mängd 
energi (per energislag) som 
används i produktionen –
rapporteras dagligen/veckovis. 
Kontinuerlig analys och förslag 
på förbättringsåtgärder.

12. Kartläggning/övervakning/analys –
”historiskt” (dock efter år 2001)

Om du tittar tillbaka tio år, har det alltid sett ut så? Samlad bild av (a) tom (d)

1
Energianvändning mättes ej på 
processnivå. Inga analyser 
gjordes.

OBS! Skillnad mellan ”då och nu”? Vad har 
förandrats? 1-5, vej ej,

ej svarat 2-3

Mätning gjordes (värme, el etc.),
rapporterades månads/årsvis. 
Analyser och ev. förslag på 
förbättringar 1-2 ggr/år

4-5

Detaljerad energiövervakning 
ex. timsövervakning av mängd 
energi (per energislag) som 
användes i produktionen –
rapporterades dagligen/veckovis. 
Kontinuerlig analys och förslag 
på förbättringsåtgärder.



 

Mål för energianvändning i produktionsprocessen
13. Mål
Har ni några mål för energianvändning i 
produktionsprocessen?  
Var så specifik som möjligt.

(Alt: vet 
ej, ej 

svarat)

Ja: 1 (kvantitetsmål, utgiftsmål 
etc)
Nej: 0
Angivet mål:

Om ja på  fråga 13 ställ fråga 14 (annars hoppa till 
15).
14. Införande

Sedan när har ni processrelaterade EE mål; före/efter 
2005?

(Alt: vet 
ej, ej 

svarat)

1:Före 2005
0:Efter 2005

EE investeringar 
15. EE kriterium

Är EE ett kriterium vid nyinvesteringar? 

Med andra ord;
(a) Samlar ni rutinmässigt in data över olika 
investeringars effekter på EE? D.v.s.; är EE en 
viktig beslutsfaktor vid nyinvesteringar? 
(b) Har ni gjort några investeringar just för att 
förbättra EE? D.v.s.; har ni medvetet valt en teknik 
framför en annan utifrån att den var mer EE? Ge 
exempel.

Ex: Ett sågverk investerar i ny barktork (främst) för 
att den är mer EE. Samlad bild av a) och b)

1-2
Nej/sällan: mao EE är inget som 
beaktas vid nyinvesteringar 
(andra prioriteringar)

1-5, vej ej,
ej svarat 3

Företaget väljer mellan olika 
teknologier utifrån ett EE 
kriterium (har gett konkreta 
exempel på detta)

4-5
Företaget tillämpar BAT (med 
avseende på EE) (har gett 
konkreta exempel på detta).

16. Före/efter 2005

När genomfördes senast en EE investering;
före/efter 2005?
Om ni genomfört flertalet åtgärder beakta den med 
störst inverkan på er EE. Var så specifik som 
möjligt.

(Alt: vet 
ej, ej 

svarat)

1: Före 2005
0: Efter 2005
Investeringen avsåg:



 

17. ”Informationskälla”

Hur lärde ni er (d.v.s. företaget) om den åtgärd 
(investering) som diskuterats ovan?
17.1 Via en extern konsult Ja: 1

Nej: 0
17.2 Via stat, myndighet Ja: 1

Nej: 0
17.3 Via en kund Ja: 1

Nej: 0
17.4 Via en leverantör Ja: 1

Nej: 0
17.5 Via en anställd Ja: 1

Nej: 0
17.6 Via ett FoU-projekt Ja: 1

Nej: 0
17.7 Via en konkurrent Ja: 1

Nej: 0
17.8 Via samarbete med universitet Ja: 1

Nej: 0
17.9 Annat (Alt: vej 

ej, ej 
svarat)

Via:  

PFE 
18. Energiintensitet enligt PFE

Uppfyller ert företag de energiintensitetskriterier 
som krävs för deltagande i PFE?

Antingen;
(c) Företagets kostnader för köpt och internt 

genererad energi uppgår till minst 3 % av 
produktionsvärdet; och/eller

(d) Att företagets skatter för energi, koldioxid 
och svavel uppgår till minst 0.5 % av 
företagets förädlingsvärde

(Alt: vet 
ej, ej 

svarat)

Ja:1
Nej: 0

Miljöbalken
19. Tillståndsprövning

Har ert företag varit föremål för någon 
tillståndsprövning?

(Alt: vet 
ej, ej 

svarat)

Ja: 1
Nej: 0

Om ja på fråga 19, ställ fråga 20

20. Krav på energihushållning
Innebar det krav på energihushållning? (Alt: vet 

ej, ej 
svarat)

Ja: 1
Nej: 0

Om ja på fråga 20, ställ fråga 21
21. Formulering

Hur är villkoren formulerade? 
Flexibelt formulerade? 
Specifika krav (ex. angiven max förbrukad el/ton 
producerad produkt)?

Text:



 

Systemperspektiv
Till intervjuaren: med strategier nedan avses: 
"Generella och systematiska metoder för utformning 
av integrerade produktionssystem, innefattande hela 
skalan från en delprocess till en hel anläggning, med 
inriktning på effektiv energianvändning och 
minskning av miljöbelastningarna." 
(Energimyndigheten, 2012)

22. Integration mellan processdelar

Har företaget några strategier för att hitta 
energimässigt - och ekonomiskt effektiva 
systemlösningar? Om ja, beskriv dessa. Förklara 
också vad som är produkten av dessa strategier.
Ex. företaget genomför 
livscykelkostnadsanalyser(LCA) och som resultat av 
detta omhändertas restenergier såsom industriell 
spillvärme.
Ex. Masugnsslagg används först för att producera 
järn och sedan en andra gång för att producera 
cement.

Text:

23. Processintegrationsprojekt

Sker något samarbete med andra parter (kommun, 
företag, universitet etc.) med anledning av detta? 
Om ja, beskriv dessa.
Ex. Processintegrationsprojekt mellan Skogshalls 
bruk och bl.a. Linköpings universitet. Projektet 
identifierade effektiva systemförändringar såsom 
ökad grad av kondensatåterföring, återvinning av 
rökgasvärme, förändringar i kylbehovet, 
värmepumpning, effektivare indunstning etc.

Text:

Rationalitet
24. Rationellt/begränsat rationellt beteende - idag
Skulle du säga att man i företaget systematiskt 
konsekvensbedömer alla potentiella EE-
investeringar eller förenklas beslutsfattandet på 
något sätt (via tumregler, baserat på vad som i 
nuläget funkar bra etc.)? Utveckla.

1-2

Beslutsfattandet är mycket 
förenklat (via tumregler, kanske 
för att vissa teknologier redan 
fungerar väl etc.) 

1-5, vej ej,
ej svarat 3

Åtgärder på tillfredställande och 
inte optimala överväganden 
mellan olika 
investeringsalternativ.

4-5

Anger flera konkreta exempel på 
att åtgärder förkastas/genomförs 
på rationella grunder (såsom att 
de bedöms för tekniskt riskabla.)
Företaget bedömer fullt ut 
konsekvenserna av alla 
beslutsalternativ.



 

25. Rationellt/begränsat rationellt beteende –
”historiskt” (dock efter år 2001)
Om du tittar tillbaka tio år, har det alltid sett ut så?

OBS! Finns en skillnad mellan ”då och nu”? Har 
något förändrats?

1-2

Åtgärder genomfördes 
rutinmässigt, via tumregler, 
kanske för att vissa teknologier 
redan fungerade väl, för att det 
bedömdes ta för mycket tid att 
processa ny information etc.

1-5, vej ej,
ej svarat 3

Åtgärder grundade sig ibland, och 
ibland inte, på tillfredställande 
och inte optimala överväganden 
mellan olika inv. alternativ.

4-5

Anger flera konkreta exempel på 
att åtgärder förkastats/genomförts
på rationella grunder (såsom att 
de bedömts för tekniskt riskabla.)
Företaget bedömde fullt ut 
konsekvenserna av alla 
beslutsalternativ.

Risk
26. Ränta/Återbetalningstid - idag
I den utsträckning som ett beslut baseras på 
investeringens förväntade ekonomiska avkastning –
kan ni ange vilken diskonteringsränta och/eller 
återbetalningstid som används vid potentiella EE 
investeringar.

Diskonteringsränta:
Återbetalningstid:

Om svarat på fråga 26, ställ fråga 27;
27. Ränta/Återbetalningstid – ”historiskt” (dock 
efter år 2001)

Om du tittar tillbaka tio år, har det alltid sett ut så? Diskonteringsränta:
Återbetalningstid:

Om de skiljer sig åt (historiskt mot för idag), kan ni 
förklara varför? 

Text:

Dolda kostnader
Ekonomiska analyser inkluderar inte alla kostnader relaterade till en teknikinvestering
28. Förekomst - idag
Finns det några andra kostnader, förutom de direkt 
relaterade till investeringen vilka beaktas vid en 
potentiell EE investering. 
(a) Kostnader för produktionsavbrott/störningar?
(b) Omkostnader för att ta in ny personal eller 
omskola befintlig personal?
(c) Kostnader för att finna möjligheter, analysera 
deras kostnadseffektivitet samt kostnaden för 
upphandling vid en eventuell investering?

1-2

Respondenten kan ge få/inga 
exempel vilka styrker beaktandet
av sådana ytterligare kostnader -
inget reellt hinder för 
investeringens genomförande.

1-5, vej ej,
ej svarat 3

Sådana kostnader 
förekommer/beaktas, men av 
mindre magnitud – kan dock vara 
ett hinder för investeringens 
genomförande.

4-5

Tydliga exempel på 
förekomster/beaktandet av sådana 
kostnader vilka inneburit att 
investeringar övervägts men ej 
genomförts.



29. Förekomst – ”historiskt” (dock efter år 2001)

Om du tittar tillbaka tio år, har det alltid sett ut så?
OBS! Till intervjuaren: existerar en skillnad i dolda
kostnader mellan ”nu och då”?

1-2

Respondenten kan ge få/inga
exempel vilka styrker 
förekomsten av sådana ytterligare 
kostnader - inget reellt hinder för 
investeringens genomförande.

3

Sådana kostnader 
förekom/beaktades, men av liten 
magnitud – kunde dock vara ett 
hinder för investeringens 
genomförande.

4-5

Tydliga exempel på 
förekomster/beaktande av sådana 
kostnader vilka innebar att 
investeringar övervägdes men ej 
genomfördes.

Miljöskyddsinvesteringar
30. Miljöskyddsinvesteringar 

Vad har de miljörelaterade investeringarna (s.k. 
miljöskyddsinvesteringar) avsett de senaste 10 åren?

Text:

Till intervjuaren: här kan respondenten exempelvis 
prata om processinterna eller process externa 
investeringar. Men också exempelvis satsningar 
inom ”Grön” FoU såsom  EESI - flerårigt 
mångmiljonprojekt energieffektivisering inom 
sågverksindustrin eller Ulcos – Koldioxidavskiljning 
och lagring (ex. järn- och stålindustrin)

Företags och anläggningskaraktäristika

1. Hur många anställda har företaget? Medeltal 
helårsperso

ner

2. Hur många anläggningar har företaget?

3. Hur länge har företaget funnits?

4. Hur mycket el förbrukar företaget totalt? MWh/år

5. Vad uppgår företagets total produktionsvärde till? 1000-tals 
SEK



 

Angående intervjun

1. Intervjuns varaktighet (minuter) Minuter

2. Intervjuarens uppfattning om den intervjuades 
reliabilitet. 

1-2
En viss EE kunskap om sin 
anläggning, lite kunskap om 
resten av företagets EE

1-5 3
EE expertkunskap om sin 
anläggning, viss EE kunskap 
om resten av företaget

4-5
EE expertkunskap om hela 
företaget

3. Respondentens yrkestitel (dess huvudansvar inom 
företaget)

Direktör/chef
Företagsledare
Anläggningschef
Produktionsledare
Teknisk expert
Miljö/EE ansvarig
Annat:

4. Antal år på posten?
0: < 4 år

5. Vilken är respondentens professionella bakgrund? Teknisk
Ekonomisk
Annat
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