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Abstract

The Swedish iron and steel industry is focusedhenproduction of advanced steel
grades and accounts for about 5% of the countiga £nergy consumption. Energy
efficiency is according to the European Commissaokey element for the transition
towards a resource-efficient economy. We investigidour aspects that are associated
with the adoption of cost-effective energy constova measures: barriers, drivers,
energy management practices and energy servicesisééequestionnaires and follow-

up telephone interviews to collect data from memlwdrthe Swedish steel association.
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The heterogeneous observations implied a clasgdicanto steel producers and
downstream actors. For testing the significance, Mann-Whitney U test was used.
The most important barriers were internal econoamd behavioural barriers. Energy
service companies, in particular third-party finage played a minor role. In contrast,
high importance was attached to energy managenseihea most important drivers

originated from within the company. Energy managenpactices showed that steel
companies are actively engaged in the topic, betdne raise its prioritisation and

awareness within the organisation. When sound gnargnagement practices are
included, the participants assessed the cost-effegehergy conservation potential to be
9.7%, which was 2.4% higher than the potential dolely adopting cost-effective

technologies.

Keywords: Industrial energy efficiency; Barriers; Drivers; &gy management;

ESCOs:; Iron and steel

1. Introduction and background

Energy transformation and utilisation processeslawmajor part in anthropogenic
greenhouse gas emissions. Energy efficiency is artsway to accommodate
simultaneously the three energy issugignate change large-scale use of scarce
resourcesand security of supplywhich have been prioritised by the European Union
(EIPPCB 2009). The industrial sector is one of highest energy-using sectors in the
world. The improvement of industrial energy effiody was accordingly identified as a
key element to reduce the threat of increased pleaaning (IEA 2011). In the case of
Sweden, industry accounts for 37% of final energy of which 14% of total industrial

energy use is represented by the iron and steesind(ISI) (SEA 2013). An estimated



23% of all Swedish CPemissions are caused by fossil fuel- and elettrintensive
processes that are involved in the production @i &nd steel (Johansson, Sdderstrom
2011).

The Swedish ISl can be regarded as unique andculiffto compare with
corresponding industries in other countries. Theedgh ISI is focused on the
production of special steel grades and the resgectimpanies are often world leaders
in their market niches. The high degree of spesasibn is accompanied by a higher
specific energy consumptibrand a higher steel export rate than any other EU-2
country. Another unique aspect is that Sweden’sohcally low electricity prices
influenced the ISl to favour electricity insteadather energy carriers which resulted in
one of the highest ratio of electricity use to kagaergy use in Europe (Trygg and
Karlsson, 2005). The ISl is further characterised & high share of production
processes and a high ratio of energy costs to potaluction costs which ambiguously
influences the adoption rate of energy efficienoyestments (Thollander, 2008).

Nowadays, the Swedish ISl is facing challenges saghising electricity prices,
growing international competition, the gloomy glbleconomic situation and the
effects of political instruments to limit GGemissions. Improving energy efficiency,
i.e., the reduction of specific energy consumptiamch we now refer to as energy
conservation (EC), is therefore of great importafioen a company perspective as it
would reduce production costs while increasing pobidity and competiveness in the
long run (Thollander et al., 2005; Galitsky et 2D03; Worrell et al., 2001).

However, since the first two oil price crises, @@sbers discovered in various
analyses that there existed an untapped poterti@nergy conservation measures

(ECM) which were not adopted by actors althouglgoeting to techno-economic

! Although this term is thermodynamically incorrettte word energy consumption is the widely
used term, please see EN 16212:2012.



assessments, they appeared to be cost-effectivist (ldnd Brown, 1990). This
discovered deviation between the optimal level nérgy efficiency to the actual
implemented level is named tkaergy efficiency gapr energy paradoxand has been
addressed frequently in the literature (e.g. Bauwtlet al., 2012b; Jaffe and Stavins,
1994; Hirst and Brown, 1990). As neoclassical eaoioe describes actors as rational
and self-interested, the gap is explained throlghexistence of market failures and
barriers to the adoption of ECM. Backlund et al012b) extend the traditional
technology-related EC potential by including enemggnagement practices. Besides,
policies such as the directive 2012/27/EU (see BEAA1W2012) identified energy service
companies (ESCOs) as important change agents teame barriers. Together with
drivers that facilitate the adoption of ECM, thisudy provides a comprehensive

approach by looking at the aforementioned dimerssairEC in the Swedish ISI.

2. Method and theory
In order to investigate the dimensions identifiadthe introduction of EC in the
Swedish ISI, we state the following research qoesti
e What are the barriers to and drivers for the adoptif cost-effective ECM?
« What are the energy management practices with degarinvestment
criteria, long-term energy strategy, energy cokication, organisational
factors and awareness campaigns?
* To what extent are Energy Service Companies (ES@®s)ved and what
are the barriers to consulting them?
* What is the cost-effective EC potential in Swedel8$ with regard to

technology and management measures?



To address the quantitative (e.g. EC potential) gumlitative nature (e.g. barriers,
drivers) of the research questions, we chose adm&thod approach. First, we follow
the basic approach of questionnaires which are osednonly in similar studies (e.g.
Shi et al.,, 2008; Rohdin et al., 2007). Second, rdsults of the questionnaire are
complemented by follow-up telephone conversatioith straightforward note-taking

(cf. Johansson and Soderstrom, 2011; Soroye aisdadyi) 2010; Bryman et al., 2008).

2.1 Points of contact

The Swedish steel producers’ association, Jernkettprovided us with a list of
contact details of energy managers in Swedish ptaats. The list was not exhaustive
as not all members of Jernkontoret have an eneagager in place. We contacted the
energy managers and remaining companies (see doné 2011). If the company
has no energy manager, we asked, similar to Sivéll. (2013), for the environmental,
plant, production or technical development mandgee Table 1). Before sending the
questionnaire (see section 2.2), we checked whétleepoint of contact is able to give
sound answers to our questions. For instance, aktddDurakbasa (2012) point out that
in many industrial companies the official energynager is not in charge of energy
issues. We set the requirement that our point aofamd must have profound technical
knowledge of the production processes, energy ecopsans and costs and be in

charge, or at least involved, in the decision te@st in ECM.

Table 1: Position of the participants in the comparganisation

Number Questionnaire NumberFollow-up telephone interviews
15 Energy manager 4Energy manager
4 Production manager 4Production manager
Environmental manager OEnvironmental manager
Research and development Research and development

23 Total 10 Total




2.2 Questionnaire

In order to address the complexity and heteroggéienergy flows in the ISI, we
used questionnaires with follow-up telephone intamg to collect data. Although
according to Yin (2003) case studies would give endbetailed data and are therefore
advantageous, we used questionnaires which allewed cover more industrial firms
and derive generalisations. There are several glasiailable on how a questionnaire
should be designed (e.g. Foddy, 2003; Burgess, ;208ing, 2001). In general, the
questions should be short and simple, avoid séienérms, ask for only one piece of
information at a time and avoid unnecessary negstiiv the sentence structure (Leung,
2001). Furthermore, all questions, except the E€ni@l (see section 6), are asked in a
closed format so that a range of answers are pezband the questionnaire is easier to
populate, evaluate and report. A key issue in tegigh of questionnaires is length
(Foddy, 2003). The questionnaire consisted of §getions with a total length of five
pages. In the first section, we collected backgdommfiormation on the position of the
respondent in the organisation, number of emplgyaesual turnover and annual
consumption of and expenditure on fuel and elatgrisee Table 2). The four sections
(barriers, drivers, energy management practice§@Sand EC potential) address the
four research questions and are elaborated inallenving four chapters. After a first
test trail with three participants, we distributdd questionnaire between March and

May 2012 to 46 companies.

2.3 Follow-up telephone interviews

After the responses to the questionnaire were aed]ywe conducted telephone

interviews to enhance the results and provide mhdit background for the discussion.



Ten participants were selected (see Table 1) basdtheir experience with the topic
(e.g. leading role at an energy manager networkpeed on their responses (e.g. strong
deviation from the average response). The interwipmved to be helpful in particular
for energy management practices (see section 4)pdi€htial (see section 6) and the
experiences with ESCOs (see section 5). We useaanastructured approach for the
interviews with a list of open and closed questiasch reflected the responses in the
guestionnaire and position of the interviewee. Trerviews were carried out in May
2012 with an average duration of 45 minutes. Theulte were captured with
straightforward note-taking, because the interveesvéelt uncomfortable having the

interviews recorded or did not allow it.

2.4 Description of the participating companies

In total, we received 23 responses, i.e., halfhef tompanies responded, which
accounts for over 80% of the sector’s total turmo@ompared to similar studies (e.g.
Thollander and Ottosson, 2010; Rohdin et al., 2@4ot et al., 2001), the response
rate of 50% can be considered high. In order tpeesthe heterogeneity of the
analysed industry, we divided the respondentstintocategories: ninsteel producers
i.e., companies that have at least a blast orraleatc furnace, and ldownstream
actors. Downstream actors are all companies that are lisjiedhe Swedish Steel
Producers' Association and do not have a blasteotrie arc furnace. These companies
usually receive the raw steel externally and predesirther in hot and cold rolling mill
operations.Results show that the average steel producer hasridorce two times
larger, turnover three times higher, and electricinsumption three times higher and
fuel consumption ten times higher compared to theramge downstream actor (see

Table 2).



Table 2: Characterisation of the participating canmips with regard to the two categories, hamely
steel producers and downstream actors, and the pegtile (Q5), median (Qq) and upper quartile
(Q5) for the turnover, employees, fuel and electrictyisumption and expenditure.

Quatrtile  Steel producers Downstream
actors
Number' of participating 9/13 14 /33
companies / total number
Qs 5200 272
Turnover [m SEKp;4* Q<o 7000 575
Qs 8875 1607
Qs 787 65
Employees Q.50 1035 160
Qs 1325 280
Qs 1071 0.05
Fuel consumption [TJ] Qso 1305 0.3
Qs 19462 85
Fuel expenditure [m Q25 120 4
SEKso14® Qso 150 16
Qs 200 19
. . Qs 756 32
[Igrli]ctrlcny consumption 0 1386 90
Q7s 1440 198
Electricity expenditure [m = Q5 130 6
SEKz014* Q<o 175 26
Q ;s 200 34

& Average exchange rates in 2012 according to thedean Central Bank: 8.7041 SEK/EUR,
6.7747 SEK/USD.

2.5 Analysis

To address the quantitative (e.g. EC potential) qumalitative nature (e.g. barriers,
drivers) of the research questions, a mixed methpgroach was chosen. The
advantages and disadvantages of qualitative comipareuantitative methods have
been highlighted by several researchers (e.g.,R@®7; Cassell, 2006; Foddy, 2003).
In contrast to quantitative research, there iscl & standard operating procedures in
gualitative research, and in particular for thelea@on of results, that are commonly

accepted among reviewers (Pratt 2007). For instdakert scales are used to assess



attitudes towards barriers and drivers based oridimaknsional underlying variables,
e.g. five points from strongly disagree to highlyree. Although this scale is widely
used in qualitative research, it is often treateth witerval scale evaluation methods
while being of clearly ordinal nature (Jamieson04£0 For the evaluation of ordinal
data we therefore use the median (the value thadeti a ranked list into two halves),
the mode (the most frequently occurring value), d@nel interquartile range(the
difference between the upper quartile that sphi® of the lowest observations and the
lower quartile that splits 25% of the lowest of ehations). In order to statistically
validate the significance of deviations betweerlspeoducers and downstream actors
(see Table 2), we use the Mann-Whitney U?testh a significance level of 0.05. The
barriers and drivers are ranked first after the enadd second after the percent rank,
which is the percentage of respondents that ratileedpecific issues with important (4)

or very important (5) on the Likert scale.

2.6 Limitations

Surveys are accompanied by several limitations. gBam errors and systematic
bias can be minimised by a thorough selection oftigggants, design of the
questionnaire and evaluation of the results (Gora@®d3). Further, the biases of the
respondents need to be addressed. For instancerethonship between what
respondents say they do and what they actuallysdwmi very strong, or respondents
tend to give answers even though they have litlenkedge about the topic (Foddy,
2003). Particularly for the present survey, itngportant to mention that the aggregation

of attitudes, or Likert scales, is always accomganby errors, plus the lack of

2 The Mann-Whitney or U-test is a null hypothesign#ficance test. It is used for testing the
homogeneity between two independent distributitvas belong to the same population. The significance
test is failed if the calculated U-value is outtieé range of the critical U-values. The latter defseon
the size of the set and on the significance |dvet.the steel producers and downstream actorother|
and upper critical U-values are 31 and 95 withgaificance level of 0.05 (see Reiczigel et al., 200



standards for the evaluation of qualitative datvés more room for mistakes (Pratt,
2007). The focus of Swedish firms on specialiseglsgrades might further limit the

transferability to the ISI of other countries.

3. Barriers

As outlined in the introduction, the energy effioig gap is commonly explained
by the existence of barriers to the adoption ot-effective ECM. Hence, barriers can
be defined as all factors that hamper the adopifarost-effective ECM or slow down
their diffusion (Fleiter et al., 2011). Various seys on barriers for specific industrial
sectors and countries have been carried out. Témiiged barriers were manifold and
in order to be able to formulate policy recommeirutet, the categorisation of barriers

is @ common approach in empirical investigatiores (Bable 3).

Table 3: Overview of selected surveys and caseestuh the investigation of barriers to the adaptio
of cost-effective ECM in manufacturing firms. Tladbke extends the approach of Fleiter et al. (2012).

Study Sector Area Categories Main threebarriers
(Harris et al., All sectors Australia None Low rates of return,
2000) long payback periods,
auditors assessment
inaccurate
(Groot et al.,, Chemical, Netherlands General, Other investments more
2001) Basic metals, Financial, important,
Metal Uncertainty, technology can only be
products, implemented after
Horncu'ture' Market related,

) existing technology has
Food, Paper Policy related been replaced,

energy costs are not
sufficiently important

(Anderson Manufacturing USA Economic, Too expensive initially,
and Newell, SMEs Institutional, lack staff for
2004) Financing analysis/implementation,

cash flow prevents
implementation

(Rohdin and Non-energy-  Sweden Economic non-market Cost of production

Thollander, intensive failure, disruption/ hassle/

2006) manufacturing Economic market inconvenience,
failure, lack of time or other
Behavioural, priorities,

Organisational cost of obtaining



(Nagesha Foundry, Karnataka,
and Brick India
Balachandra,
2006)
(Thollander  Manufacturing Sweden
et al.,, 2007) SMEs
(Rohdin et Foundry Sweden
al., 2007)
(Thollander  Pulp and Paper Sweden
and
Ottosson,
2008)
(Shi et al., SMEs China
2008)
(Sardianou, Metals, Greece
2008) Machinery,

Food/Drink,

Chemicals,

Paper, Textiles
(Ren, 2009) Petrochemicals OECD
(Currés, Energy- Netherlands
2010) intensive

chemical

(based on Sorrell et al.,
2000)

Awareness and
Information,

Financial and
Economic,

Structural and
Institutional,

Policy and Regulatory,
Behaviour and personal

(based on Sorrell et al.,
2004)

Economic,
Behavioural,
Organisational

(based on Sorrell et al.,
2000)

Economic,
Behavioural,
Organisational

(based on Sorrell et al.,
2000)

Market-related,

Behavioural and
organisational-related

(based on Sorrell et al.,
2000)

Policy and market
barriers,

Financial and economic
barriers,

Technical and
information barriers,

Managerial and
organisational barriers

Financial and market,

Organisational and
human factors

None

Economic,
Socio-economic,

information about the
energy consumption of
purchased equipment
Financial and economic
barrier, behaviour and
personal barrier,
awareness and
information barrier

Lack of time or other
priorities,

other priorities for capital
investment,

access to capital

Access to capital,

technical risks such as risk
of production disruptions,

lack of budget funding

Technical risks such as
risk of production
disruptions,

cost of production
disruption/ hassle/
inconvenience,

technology is
inappropriate at the mill

High initial capital cost,

absence of economic
incentives policies,

lax environmental
enforcement

Bureaucratic procedures
to get governmental
financial support,

limited access to capital,

increased perceived cost
of ECM

Shortageaffand time,

competition from other
prioritised projects,
unfavourable economic
conditions

Budget restrictions and
investment priorities,

rules of investment



(Okazaki and ISl

Yamaguchi,

2011)

(Fleiter et al., SMEs

2012)

(Trianni and

Cagno,
2012)

(Walsh and

Thornley,
2012)

(Trianni et
al., 2013a)

(Trianni
al., 2013b)

(Trianni
al., 2013c)

et

et

industry

Japan
Germany

Non-energy-  Northern

intensive Italy

manufacturing

SMEs

Process UK

industries with

a focus on low

grade heat

utilisation

Foundry Finland,
France,
Germany,
Italy,
Poland,
Spain,
Sweden

Primary metal Northern
manufacturing lItaly
SMEs

Manufacturing Northern
SMEs Italy

and

Technological, decision making,
(based on Sorrell et al.,technology fitting in

2000) actual process
Economic, Other priority for financial
Inadequate national InNvestment,

policies and regulations, inadequate national
Technological issues, ~ Policies and regulations,

Others technology not applicable
to process

Imperfect information, Investment costs too high,
Hidden costs, other investments have
Risk, higher priority,

Access to capital, measure not profitable
Split incentives,
Bounded rationality

(based on Sorrell et al.,
2000)

Skills, Access to capital,
Information Resources, Scarce information

Awareness regarding energy
efficiency opportunities
and winning solutions,
Poor information for the
energy efficiency
decisions

Structural, Availability of appropriate

Market, infrastructure,

Interaction, utilisation of low grade
heat,

Performance . )
high capital costs

Economic non-market Lack of budget funding,

failure, other priorities for capital

Economic market investments,

failure, lack of time or other

Behavioural, priorities

Organisational
(based on Sorrell et al.,

2000)

Technology-related, Information issues on
Information, energy contracts,
Economic, lack of interest in energy-
Behavioural, efficiency interventions,
Organisational, hidden costs

Related to

competencies,

Awareness

(based on Cagno et al.,

2013)

Technology-related, Investment costs,
Information, information issues on

hidden costs



Behavioural,
Organisational,

Related to competences,
Awareness

(based on Cagno et al.
2013)

(Wentemi Selected Ghana Access to capital, Lack of budget funding,
Apeaning industries Hidden costs, access to capital,
and (fron and . . .
Thollander.  Steel Heterogeneity, _other priorities for capital
2013) " Aluminium, Risk, investment

Food, Plastics, Imperfect information,

Chemicals) Split incentives
(Venmans, Ceramic, Belgium Hidden costs, Other priorities for capital
2014) Cement, Lime Risk and uncertainty, ~ investments,

hidden costs,

technical feasibility
wasn't studied before

Imperfect information,
Split incentives,
Capital budgeting,
Bounded rationality

(based on Sorrell et al.,
2004)

Although different taxonomies emerged over timeg thajority of the studies
based their categorisation on the Sorrell et @l002 taxonomy (see Table 3). Cagno et
al. (2013) identified several issues (e.g. misselgments, overlaps and implicit
interaction) in the current approaches and sugdesteovel taxonomy. For our study,
we complement the barriers identified for Swedisdustry (Palm and Thollander,
2010; Thollander and Ottosson, 2008; Rohdin etab;7) with the barriers for the steel
sector of the members of the Asia-Pacific Partnprgm Clean Development and
Climate (Okazaki and Yamaguchi, 2011) and barrifens foundries in different
European countries (Trianni et al., 2013) and categ them with the Cagno et al.

(2013) taxonomy (see Table 4).

Table 4: Investigated barriers to the adoptionast-@ffective ECM for the Swedish ISI (adapted

from Trianni et al., 2013a; Okazaki and Yamagu2Bi 1; Palm and Thollander, 2010; Thollander

and Ottosson, 2008; Thollander et al., 2007; Roldih Thollander, 2006) and their categorisation
based on the Cagno et al. (2013) taxonomy

Origin Area Barriers




External Market Poor information quality regarding ECM
No cost-effective technological ECM available

Market/Government Uncertainty about future engrgges and fiscal policies
Internal  Awareness Lack of staff awareness or motivation
Behavioural Insufficient top management support
Lack of time or other priorities
Competences Lack of information about allocatiberergy costs

Lack of technical skills
Economic Limited access to capital
Uncertainties regarding hidden costs
Other priorities for financial investments
Technical risks (e.g. production failure)
Organisational No options to improve energy mansge practices
Difficulty to cooperate inter-divisional
Limited authority of energy manager

In the questionnaire, we listed the barriers adogrdb the categories with a brief
introduction to that field based on Thollander (@Pand asked the participants directly
how they value the importance of the adoption at-@ffective ECM in their company
on a Likert scale from not important (1) to verypiontant (5). We refrained from asking
technology-specific questions due to the heterogemenature of the Swedish steel

sector.



2.5

Technical risks (e.g. production failure)

Limited access to capital

Other priorities for financial investments

Lack of time or other priorities

No cost-effective technological energy...

Uncertainity about future energy prices and fiscal...

Limited authority of energy manager

Insufficient top management support

Poor information quality regarding energy...

Lack of technical skills

Lack of staff awareness or motivation

Uncertainties regarding hidden costs
Lack of information about allocation of energy...

Difficulty to cooperate inter-divisional

No options for improved energy management...

0% 10% 20% 30% 40% 50% 60% 70% 80%

OPercentrank (%) M Interquartile range (0-4)

Figure 1: Barriers to the adoption of cost-effeeti™CM in the Swedish ISI ranked first after the
mode and second after the percent rank. The per@ekdisplays the percentage of respondents that
rated that barrier as important (4 on the Likealagor very important (5). The interquartile rarige

4) indicates the dispersion of the responses acaldsilated as the difference between the upper

quartile Q;5 and the lower quartile &.

The participants perceivetgchnical risks (e.g. production failuresys the most
important barrier to the adoption of cost-effect&®€M in the Swedish ISI (see Figure
1). The same significant importance was identifi@dSwedish Foundry and Pulp and
Paper industry (see Table 3). All three sectorgaipeon a continuous basis and the
majority of the value added is generated by pradogirocesses. Production failures or

quality losses, which are also covered by thisibgrare thus of comparatively higher

90%



concern. Other studies on process industries {&gmans, 2014; Trianni et al., 2013a)
address disruption and quality loss costshasden costsduring implementation.
However, with the exception of Trianni et al. (26)1,3n none of the surveys dadden
costsreceive the same importance tashnical risks As hidden costs consist of the
costspre, during, or postthe adoption of the measures (Trianni et al., 2p1the
comparability tatechnical riskan other studies is thus limited. Besideshnical risks
limited access to capitalndother priorities for financial investmeiatre ranked by the
participants as second and third most importantidyar These barriers received the
same importance in the majority of other empiricaiestigations on barriers and have
been extensively discussed (see Table 3). Therdwguartile ranges (1-1.5) indicate a
low dispersion among the respondents and supperintportance of these barriers. It
should be noted that the comparisons of the reardt$o some extent limited due to the
differences of the investigated sectors in termspafduction process, number of
employees and turnover. The lowest ranked bam@roptions to improve energy
management practicegas included in the questionnaire as a consistehegk for the
investigation ofenergy management practicésee section 4) andrganisational EC
potential (see section 6). The low ranking does not conttditie results obtained in

these sections.



Economic

Internal

Behavioural

Market

External

Awareness

Competences

Internal

Organisational
| I |
0% 10% 20% 30% 40% 50% 60% 70%

OPercentrank (%) M Interquartile range (0-4)

Figure 2: Barriers to the adoption of cost-effeeti&ZC technologies categorised according to the
origin with respect to firm and areas (see TableThe areas are ranked by the percent rank (see
Figure 1).

The classification of the results according to @&gno et al. (2013) taxonomy
gives a distinct overview of the origin and theasr¢hat are affected by the barriers.
The three barriers perceived as most importaméchnical risks, limited access to
capital and other priorities for financial investments can be related to economic
aspects (see Table 4). Accordingly, theonomic barriersare ranked highest (see
Figure 2). In the follow-up telephone interviewnterviewees stated that, due to the
high specialisation and affiliated international rket orientation, Sweden’s steel
industry in 2012 was still experiencing the effeotghe global financial crisis. Thus,
companies are focusing on the core business sotlieatcapital and profitability
requirements for EC investments are tightened.odmtrast to Trianni et al. (2013c),
where theébehavioural barrieravere ranked lowest, half of the Swedish steel preds

and downstream actors ranked them as importantkéél&arriers were ranked by the



participants as third most important which alloascording to neoclassical economic

theory, the formulation of political interventiotsaddress them.

In order to respect the heterogeneity of steel ycets and downstream actors (see
section 2), we investigated further divergenceswbeh the two groups with a
significance level of 0.05 (see Figure 3). The ieatechnical risksis of high concern
for 87% of the steel producers compared to 67%hefdownstream actors, which can
be explained by the integrated production and n@yeplex processes that are
involved in the manufacturing of steel (Mann-Whitng = 60.5, Bownstream acto= 14,
Nsteel produce= 9, P < 0.05 two-tailed). In contrast, the doweatn actors rated the
limited access to capitddarrier higher (U = 47) as their lower turnover hiigeduce
the ability to acquire funds (see Table 2). Furthermwnstream actors ranked the barrier
lack of technical skill@s important or very important (U = 40) which danlinked to
the smaller workforce (see Table 2) and with spediigher efforts to employ an

energy manager or train existing personnel.

1 ] | | | ] ] ] ]

Technical risks m '
Limited access to capital #

Other priorities for financial investments

Lack of technical skills

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Percentage of "important"” (4) or "very important" (5) responses
OSteel producers @ Downstream actors
Figure 3: Divergences with a significance leveDdi5 in the responses from steel production and

downstream actors to the adoption of cost-effed&@ in the Swedish ISI.

4. Drivers



While barriers are widely investigated in vario@sters and countries (see Table

3), only a few empirical investigations of the dniy forces for consumers to adopt

cost-effective ECM have been conducted so far {sd®e 5). For instance, Trianni et

al. (2013c)“call for future research in the world of driver® tenergy efficiency with

much greater efforts on empirical studiesi the light of recent research to include

energy management practices (e.g. Backlund e2@l2b), Cagno and Trianni (2013)

define drivers asfactors facilitating the adoption of both energyi@ént technologies

and practices, thus going beyond the view of imrests and including the promotion

of an energy-efficient culture and awareriess

of cost-effective ECM in manufacturing firms.

Table 5: Overview of selected surveys and casadestuth the investigation of drivers for the adoptio

Study Sector

Area

Categories

Main three
drivers

(Rohdin and Non-energy-
Thollander, 2006) intensive
manufacturing

(Thollander et al., Manufacturing
2007) SMEs

(Rohdin et al.,, Foundry
2007)

(Thollander and Pulp and Paper
Ottosson, 2008)

Sweden

Sweden

None

None

Sweden None

Sweden
forces,

Policy Instruments,

Potential energy
policies,

Behavioural and
organisational-related

Long-term
energy strategy,

increasing energy
prices,

people with real
ambition

Long-term
strategy,
people with real
ambition,
environmental
company profile
and/or EMS

Long-term
strategy,

people with real
ambition,
environmental
company profile

Market-related drivingCost reductions

resulting from
lower energy use,

people with real
ambition,

long-term energy
strategy



(Ren, 2009) Petrochemicals OECD None Process energy
cost savings,
tight supply of
gas feedstock,

personal
commitment  of
individuals
(Cagno and Manufacturing Italy Action required Allowances or
Trianni, 2013) SMEs (Regulation, Economics, public financing,
Information), external
Origin (Within, Outside) pressures,
long-term
benefits
(Thollander et al., Foundry Finland, Financial, Cost reductions,
2013) France, Informational, threat of rise in
Germany, o ganisational, energy prices and
Spain, and External it B
Sweden commitment by
top management
(Wentemi Selected Ghana Access to capital, Lack of budget
Apeaning and industries (steel, Hidden costs, funding,
Thollander, 2013) aluminium, food, Heterogeneity, access to capital,
plastics, Risk, other priorities
chemicals) : . .
Imperfect information,  for capital
Split incentives investment
(Venmans, 2014) Ceramic, cemenBelgium Economic reasons, Increasing
lime Policy, energy prices,

top management,

environmental
image

In line with Reddy (2013), who suggests extendimg analysis of barriers to the
study of drivers, Thollander and Ottosson (2008kgarised the drivers for the
Swedish pulp and paper industry imarket-related driving forces, policy instruments,
potential energy policiesind behavioural and organisational-relatedrivers. In our
study, we include the drivers of Thollander ando@dbn (2008) into the action-oriented

classification of Cagno and Trianni (2013) (seelé& &).



Table 6: Investigated drivers for the adoption adteeffective ECM for the Swedish ISI (adapted
from Thollander and Ottosson, 2008) with categtinsebased on Cagno and Trianni (2013)

Action required
(R=Regulation,
E=Economics,
I=Information)

Origin
(W=Within,
O=Outside)

Driver

m

mmmm

0V XV OVXIOIOD

OOOO0OOOODOSSSSsSsSsS0s5s5000

Third-party financing (TPF)

International competition

Threat of rising energy prices

Long-term energy strategy

Cost reduction resulting from lower energy use
Pressure from customers and NGOs

Networks within the sector

Local authority energy consultancy

Support from energy experts

Demand from owner

Support from the sector organisation

People with real ambition

Commitment from top management

Energy audit subsidy

Beneficial loans for energy efficiency invesitse
Investment subsidies for energy efficiency tedtbgies
Electricity Certificate System (ECS)

Taxes (e.g. energy, GD

European Emission Trading Scheme (EU ETS)
Long-term agreements with tax exemption (PFE)
Regulations (e.g. Swedish Environmental Code)

The most important driver for the adoption of cefective ECM is the

commitment from top managemehgcause it has a moa# five (very importank

which is the highest characteristic value in theggiwnnaire. Only Venmans (2014) has

identified a similar importance of the recent cdmitions to that field (see Table 5).

However, the comparison is limited, as not all sachave addressed this driver in

particular. Instead, the driveeople with real ambitionwhich is here ranked as fourth,

addresses theommitment from top managemastwell (see Thollander and Ottosson,

2008). Moreover, recent studies used average vabueanking which differ from our

approach and might impact the ranking (see se&ibnStill, the high importance and



the fact that on average, the involvement of tograpons managers increase the
percentage of recommended ECM that are implementelB.4% (Blass et al., 2014),
speaks for a separate investigatiorpebple with real ambitiomnd commitment from
top managementCagno and Trianni (2013) used the temanagement sensitivity
address this issue which was ranked as sixth dfajperceived drivers. Although the
cost reductiondriver has the highest percent rank, it is rangecbnd, because it has a
lower mode of four. Similar to the barriers, thepenses of the lowest and highest
ranked drivers have a low dispersion. In particulaelong-term energy strategyriver
was rated by 14 respondents as important, whichesepts more than 50% of all
responses and results in an interquartile rangemf. In other wordsthe existence of

a long-term energy strategy is an important drivifoggce for the adoption of cost-
effective ECM in the Swedish steel industig’the most definite answer in the
questionnaire. For further information on spectigvers, we refer to the respective

literature (see Table 5).



Commitment from top management

Cost reduction resulting from lowered energy use
Long-term energy strategy

People with real ambitions

Threat of rising energy prices

Regulations (e.g. Swedish Environmental Code)
Long-term agreements with tax exemption (PFE)
Support from the sector organisation

Demand from owner

European Emission Trading Scheme (EU ETS)
Taxes (e.g. energy, CO,)

Support from energy experts

Electricity Certificate System (ECS)

International competition

Third-party financing (TPF)

Local authority energy consultancy

Investment subsidies for energy efficiency...

Beneficial loans for energy efficiency investments
Pressure from customers and NGOs
Networks within the sector

Energy audit subsidy

O Percent rank (%)

25

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Interquartile range (0-4)

Figure 4: Drivers for the adoption of cost-effeet&ZCM in the Swedish ISI ranked first after the
mode and second after the percent rank. The petaekdisplays the percentage of respondents that
rated that barrier as important (4 on the Likealagor very important (5). The interquartile rarige

4) indicates the dispersion of the responses acalgslated as the difference between the upper

quartile Q;s and the lower quartile &.

When the drivers are categorised according to Taikeis noteworthy that the two

most important actions have their origin within ge@mpany, i.e., in-house (see Figure

5), and thus can be stated to be related with gmaemagement practices. In particular



for economics-related drivers, the driving forceshim the company are ranked on
average two times higher than outside economiedeldrivers. A similar connection
can be found between internal and external infaonatelated drivers. External
information (e.gsupport from energy expeytaras ranked lowest but with the highest
dispersion. A more detailed view shows that inipalar downstream actors are in the
need for external information (see Figure 6). Faothlorigins, economic-related driver
are ranked as highest. In Thollander et al. (20fi@yncial-related drivers, which can
be compared to our economic category, were alskethhighest. They concluded that
energy-intensive companies started to perceiveggnefficiency as a very promising
field that can increase their competitiveness. Rkaldy, regulatory actions are
considered of moderate importance which refleatsgnerally sceptical attitude of the

firms regarding political interventions we expeged during the interviews.

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

=4

Economics E
(]
o
3 Regulation E
=}
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Information h

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

@ Percentrank (%) M Interquartile range (0-4)

Figure 5: Drivers for the adoption of cost-effeetiZCM categorised according to origin and action
(see Table 6). The drivers are ranked accorditigeigercent rank (see Figure 4).

Similar to the barrier section, divergences betwserl producers and downstream
actors with a significance level of 0.05 are inigeged. Here, it is revealing that policy

measures likdong-term agreements with tax exemption (PFE), dafeeg. electricity,



energy, CQ, sulphur, NQ), Electricity Certificate System (EC®gre ranked higher by
downstream actors than by steel producers (Manntadilbre = 56.5, Uaxes = 33,

Uecs = 70.5, Bownstream acto= 14, Ibteel producer= 9, P < 0.05 two-tailed). Similar
differences among the categories could be idedtifier the drivers related to
information with the origin from within the comparigee Table 6) and for the driver

support from energy expertd = 30.5) in particular (see Figure 6).

Commitment from top management

Cost reduction resulting from lowered energy use m

Long-term energy strategy

Long-term agreements with tax exemption (PFE)

Taxes (e.g. energy, CO»)

Support from energy experts

Electricity Certificate System (ECS)

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Percentage of "important” (4) or "very important" (5)
responses

O Steel producers @ Downstream actors

Figure 6: Responses on selected drivers for thptahoof cost-effective ECM in the Swedish ISl
divided into the two groups steel producers andréktkgam actors.

4. Energy management practices

Recent studies like Backlund et al. (2012b) andmPahd Thollander (2010)
remark that in the research into energy use andowvep energy efficiency, researchers
focus on the diffusion of cost-effective EC tectogiés and neglect that technology is

part of the organisation as an integrated systeheyTpoint out that a combined



approach of technology and energy management peaatiill in fact lead to higher EC
potential. So far only a few surveys have invesidaactual energy management

practices in manufacturing firms (see Table 7).

Table 7: Overview of selected surveys on the ingason of energy management practices in
manufacturing firms

Study Sector Area Categories and aspects for soldin findings
energy management practices
(Christoffers  Industrial Denmark A: Low degree of energy With
en et al., firms with management or no energy minimum
2006) more than 19 management, requirements:
employees B: Relatively high degree of energy 3-14%

management in general (e.g. mappingractise

of energy use, continuous energy  energy
accounting), but low on the management
organisational aspects (e.g. energy

policy, quantitative efficiency goals),

C: Relatively high degree of energy
management in general, as well as in
relation to the organisational aspects.

(Thollander  Foundry, pulp Sweden First category: Pay-back criteria >= 20% mills and

and and paper years for energy efficiency 25% foundries
Ottosson, investments, energy strategy >= 3 are successful
2010) years, sub-metering of energy costs. in energy

Second category: Comply with two Management
requirements of the first category

Third category: Remaining

companies
(Stenqvist et Pulp and paper Sweden No categorisation, aspettsia Energy
al., 2011) energy management coordinator, management

management and staff commitment, practices
energy cost allocation, monitoring  reduced

and reporting, training electricity
consumption
by 3% p. a.
(Ates and Cement, paper Turkey Companies who practice energy Degree of
Durakbasa, and pulp, ISI, management and companies who  energy
2012) ceramics, don't (based on Christoffersen et al., management
textile 2006). Aspects (e.g. energy strategy,application is
industries energy managers and their activities,22%

energy conservation targets,
knowledge on energy management)
are adapted from Christoffersen et al.

(2006).
(Backlund et Selected non- Gavlebor Companies who have participated in Firms who
al., 2012a)  energy and g PFE (see section 4) or conducted anparticipate in
energy- County, energy audit in the last three years PFE have
intensive Sweden and companies who haven't. Aspectdetter energy
industries include top management support, management
long-term energy strategy, energy  practices (e.qg.
manager with operational 70% fulltime

responsibility, sub-metering. energy



manager, 70%
energy
strategy)

(Sivill et al., Three energy- Finland No categorisation, aspects include: Energy
2013) intensive feasibility, organisational systems, performance
sectors awareness monitoring and measurement
development of implementation is the third

development
priority in
energy
management,
behind
resource and
commitment
issues.

Although standards for energy management like 18@D% are available, results of
the surveys and theoretical contributions like Bawc# et al. (2012b) remark that how
companies define energy management depends onizihearsd type of industry. In
order to ensure consistency with existing energpagament standards, we used the
Energy Management Matrix by Carbon Trust (2011ageess the energy management
practices of the Swedish ISI. We complemented tlarirnwith important success
factors for energy management practicésng-term energy strategy, top-management
commitmentand sub-metering- identified by previous research (see Thollaralel
Ottosson, 2010; Trygg et al., 2010; Worrell et &010). We adapted the Carbon
Trust’'s matrix and divided the factors into fivetegories: Policy, Organization,
Information systems, Awarenes®sd InvestmentThe company receives points for every
factor they respected in their energy managemeanttipes. The total sum for each
category is put in relation to the best case (sger€ 7). In this way, we receive a more
granular understanding of the actual level of epermanagement in the Swedish ISI
than by using two or three categories (see TableThg success factors for each

category, including their points, are presentethéfollowing chapters.



Investment Organisation

= Steel producers

Downstream actors

Information
System

Awareness

Energy Audit

Figure 7: The soundness of six energy managemesgarées displayed in a spider web chart for
steel producers and downstream actors. The compaeves points for every factor they included in
their energy management practices. The total sumeoh category is put in relation to the best.case

4.1 Policy

According to the results of the driver analysis anelvious studies, havinglang-
term energy strategig crucial for the adoption of cost-effective EGWhollander and
Ottosson, 2010; Trygg et al., 2010; Rohdin et2007). For the quantification of the
soundness of the policy-related practicelmng-term energy strateggspecting a time
horizon of more than three years is weighted tveiganuch as a time horizon between
one and three years while companies with no paicynwritten set of goals received
no points (see Figure 8). Not surprisingly, momeekiproducers have a proper energy
strategy in place than downstream actors. Howetierseven companies with a long-
term energy strategy longer than three years -udmf the two downstream actors —
have the largest number of employees of all padiong companies, indicating that the
soundness of this category is more likely correlatéh the size of the company rather

than with its energy intensity.



Energy policy with a long-term energy strategy above 3
years (2)

Energy policy with a long-term energy strategy between
1-3 years (1)

No policy or unwritten set of goals (0)

0 1 2 3 4 5 6 7 8
Number of responses

B Steel producers Downstream actors
Figure 8: Responses to the question how a long-¢eengy strategy is treated in the company’s

energy policy. The number in brackets displaysaihiats for the energy management practice (see
Figure 7).

4.2 Organisation

An important organisation-related success factoreioergy management is the
employment of afull-time energy managewho is integrated into the management
structure, fully responsible for energy consumptaond equipped with the necessary
authority for energy efficiency investments (Sandkend Sdderstrém, 2003). Only one
steel producer and one downstream actor fully cedpkith these requirements. Five
steel producers and eight downstream actors engl@yart-time energy manager. The
remainder had no energy manager in place. Sinal#ne policy part, the soundness of
the organisation-related energy management praciscquantified, whereby having a
full-time energy manager in place was weighted éwas important as having a part-

time energy manager.

4.3 Information system and initial energy audit

Allocating energy cost at sub levanhd a thoroughinitial energy auditare
requirements for sound energy management. Thetseshbw that most companies
allocate their energy consumptipar tonne(65% of the participating companies) while

only 26% usesub-metering None of the participating companies allocate ehergy



costper square meteor per employeéWhen it comes to the type of energy measured,
all 23 companies met@lectricity, 16 fuel and 14steam and hot wateandthere is no
significant difference between the two groups (Begire 9). Furthermore, 89% of the
steel producers and 62% of the downstream actatscbaducted energy audits. The
percentages for the soundness of the informati@tesys are calculated as follows:
Sub-meterings weighted with a factor of thredaily meteringwith a factor of two and
the remainder, i.egllocation per tonne, metering electricity, fuetamin and hot water,
monthly-weekly metering, monitoring trendsth a factor of one.
Allocation of Energy: Per tonne (1)
Allocation of Energy: Sub-metering (3)
Type of energy: Electricity (1)

Type of energy: Fuel (1)

Type of energy: Steam and hot-water (1)

Frequency: Monthly - Weekly (1)
Frequency: Daily (2)

Monitoring of energy trends (1)

Energy audits have been conducted (1)

|
Frequency: Annually - Quarterly (0) ‘
|
T

Number of responses
W Steel producers Downstream actors
Figure 9: Responses to the questions regardinipfinenation system as part of energy management:
allocation of energy, types of energy, frequenay maronitoring of energy trends. It was further asked
if the company had conducted an initial energy awtlich is seen as an enabler for energy efficiency

(see Sandberg and Sdoderstrém, 2003). The numbeadiets indicates how the responses are
weighted for the total soundness calculation (sgerg 7).

4.4 Awareness

Advertising the value of energy efficiency to emydes on a regular basis is stated
by Carbon Trust's energy management matrix as @oftant aspect and was included

in the questionnaire. The results show that theritgjof the downstream actors (57%)

25



do not promote energy efficiency and do not tré&ieirt personnel (see Figure 10). At
least six out of nine steel producers and five olitl3 downstream actors have
occasional awareness campaigns and personnehgairdnly 13% of the companies
train and promote energy efficiency on a regulasidbaThe soundness has been
guantified similar to the policy and organisaticstegory and is shown in Figure 7.
Besides organisational factors, awareness practicege the second largest

improvement potential, in particular for the doweaim actors.

Marketing value and performance of energy efficiency on
a regular basis (2)

Some ad-hoc staff awareness training and
newsletters/posters (1) |

No promotion of energy efficiency and no training of

personnel (0) | | | |
0 2 4 6 8 10
Number of responses
M Steel producers Downstream actors

Figure 10: Responses on how energy efficiency verided to the employees. The number in
brackets indicates how the responses is weightetiéaotal soundness calculation (see Figure 7).

4.5 Investment criteria

Considering investments in ECM with a payback tohenore than three years was
identified in the literature as an important prensige to improve energy efficiency
(Thollander and Ottosson, 2010; DEA, 2002). Amormgviistream actors 77% and
100% of the steel producers usayback timefor profitability calculations, but only
four companies consider investments with paybatiedi longer than three years (see

Figure 11).




B Steel producers Downstream actor

between 2 and 3 years (1)
between 1 and 2 years (0)

more then 3 years (2) I ‘
|
less then 1 year (0) ‘ ‘

Number of responses

Figure 11: Maximum payback time for investment&@ technologies. The number in brackets

indicates the points for the total soundness calimn (see Figure 7).

Additionally, theinternal rate of return (IRR)s used by three companies with
minimum return rates of 25%, 15% and 5%. Only deelgroducer also calculates the
net present value (NPWyhich — as well as the IRR — is a more approprégieroach
compared to the payback time to evaluate the pinfity of investments. For the
quantification of the soundness of the investmemattes, only the payback times

were considered and weighted similar to the paledgted practices (see section 4.1).

5. ESCOs

Energy Service Companies (ESCOs) have been idmhtdis important change
agents to overcome barriers to energy efficienay tanachieve sustainable economic
development (cf. EC 12/11/2012; Bernstein et &Q7). Although both the EU and the
Swedish government have acknowledged the ESCO pbbgedirectly taking it into
account in the Directive 2012/27/EU and Sweden®o8d National Energy Efficiency
Action Plan (see Swedish Government 2011), Backamal Thollander (2011), Soroye
and Nilsson (2010) and Bertoldi et al. (2006) idfead only moderate ESCO activities
and considerable growth potential of the ESCO mankeSweden. While most the
studies analysed the ESCO market situation andebs&rfor companies to consult

ESCOs, companies’ experiences with ESCOs havebmdyn modestly reflected in the



literature (see Table 8). In our study, we askedprticipants in the questionnaire and

in the follow-up telephone interviews what typeE$COs they had experience with,

what service they requested, and what the bamirers- from a client’s perspective — to

consulting ESCOs.

Table 8: Selected studies on ESCOs

Study Type/Focus Area Main findings

(Painuly et al., Barriers to Non- Key driver for ESCO growth: Promotion of

2003) ESCOs growth OECD ESCOs by active involvement of
and removal governments as a customer, information
measures provider, and policy maker.

(Bertoldi etal., ESCO market EU ESCO activities various from top countries

2006) analysis (Germany, Austria, UK, Spain, Hungary),

middle range countries (France, Sweden,
Czech Republic, Italy) and to other
countries with low ESCO activity.

(Da-li, 2009) Barriers to China First measure to overcome barriers is to
ESCOs growth build up awareness of EC and promote
and removal energy performance contracting by ESCOs
measures

(Satchwell et al., ESCOs market USA Key driver for ESCO growth: increase in

2010) analysis funding local government energy efficiency

programs, customer interest to mitigate
higher utility bills, environmental concerns.

(Soroye and ESCO market = Sweden Key driver for ESCO growth: rising energy

Nilsson, 2010) analysis prices, climate change concerns, favourable

policy environment,

Mutual trust between companies and
customers has grown,

third-party financing has played a
surprisingly unimportant role

(Backlund and ESCO (towards Sweden ESCOs’ main advantage: improving energy

Thollander, SMES) market efficiency in generic technologies due to

2011) analysis economics of scale

ESCOs’ disadvantages in contrast to in-
house consulting: increased transaction
costs

(Backlund et al., Energy Gavleborg Main consulted energy services are

2012a) management County, consultation, installation and operation and
practices Sweden  maintenance of support processes.

including energy
services




Consulting firms
Energy supply and service companies

Facility management and operation companies

Building controls, automation, and control manufacturer {
T
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Number of responses

M Steel producers Downstream actors

Figure 12: Types of ESCOs consulted by steel preduand downstream actors.

The results of our study show that 13 of 23 pgyéiting companies have consulted
ESCOs so far. These were maiohnsultingandenergy supply and service companies
(see Figure 12). The majority of the hereby redeestervices were project
management-related, i.e.identification and appraisal, technical desigmand
implementation(see Figure 13). Furthermore, only four companised third-party
financing (TPF)for the investment in EC technologies in the fast years. This low
figure does not match the proactive role of TPFstased by the directive on energy
efficiency by the European Commission (see EC 12(12) but is in line with

findings by Soroye and Nilsson (2010).

Project identification & appraisal
Project technical design

Project implementation
Third-Party Financing (TPF)
Operation service

Guarantee of performances
Purchase of fuel/electricity
Insurance coverage

0 1 2 3 4 5 6 7 8
Number of responses

B Steel producers Downstream actors

Figure 13: Requested energy services by steel pepsiand downstream actors.



The experiences of the ISI with ESCOs show greatatian with regard to the
requested service. While the ISI has had good,-lasting experience with ESCOs in
the field of energy supply and facility managemehg steel companies’ feedback in
terms of consultant services was not promisingh&nfollow-up telephone interviews,
steel producers stated that consultants showedcla ¢& knowledge about steel
production processes and the ISl in general. Acaglyl the barriedack of technical
competence / trained professionals (energy enggeeas ranked as most important by
steel producers (see Figure 14). It was reveahagdompanies with a small firm size —
a majority of them downstream actors — had no kedgé about the services provided
by ESCOs. This lack of knowledge is reflected bg tksponses on the barriers to
consulting ESCOs. Based on the rating of thek of actors barrier and the
conversations with the companies, we can concloalethe Swedish market for ESCOs
has not gained enough traction to fulfil the proectole the European Commission has

attributed to them.

Lack of technical competence / trained professionals ' ' ' '
(energy engineers)

Lack of actors/ competitiveness
High fees for services

Lack of information about ESCO concept

Lack of trust

0% 10% 20% 30% 40% 50% 60% 70%

80%

Percentage of "important" or "very important" responses

Steel producers HW Downstream actors

Figure 14: Barriers to consult ESCOs ranked acogrth their percent rank.

6. Energy conservation potentials



In the questionnaire, the participants were diyeesked to state the techno-
economic EC potential that can be achieved by adpll available cost-effective
technologies (see Jaffe and Stavins, 1994). Herd#igy, quality of the estimation
depends to a large extent on the technical and oeacal knowledge of the
participants. Before sending the questionnaire,civecked with the point of contact
whether he is able to give a sound estimate toahsswer. Further, participants were
asked instead to give no response if they had amptd about their estimate. In this
context, two downstream actors left the respediald blank. The estimated weighted
average of the EC potential for solely adoptingt-effective EC technologies was
7.3% of the total energy use of the responding staapanies. It needs to be noted that
the actual EC technologies, due to their heterageaad complexity, are not the focus
of this study. We recommend consulting Brunke amesiB(2014) and Johansson and
Soderstrom (2011) for information on ECM in thegurotion of iron and steel.

When the assessed potential is compared to theategp energy intensity, i.e., the
ratio of total energy consumption to the compangtal turnover per year, it was
revealing that companies with a higher energy sitgrgenerally assessed a lower EC
potential. Accordingly, the weighted average teckononomic EC potential of the steel
producers is lower at 6.7% than the weighted awepagential of downstream actors at
12.9% (see Figure 15). It is notable that one déomeam actor stated a techno-
economic EC potential of 50%. In the follow-up miews the respective respondent
stated that[they] are not very good with energyand use technology that is several
decades old. This observation was from further stigations excluded. Furthermore,
the respective fields in the questionnaire were restricted to numbers so the
participants could populate any kind of text. Heteyas revealing that the majority of

the downstream actors stated ranges‘ii®20%” while steel producers mainly gave



precise numbers. The follow-up telephone conversatrevealed that most of the steel
producers have conducted a thorough energy auckntly and could state accurate

numbers based on the outcome of these audits.

40%

50%; 70%

35%

30%

25%

20%

15%

10%

5%

0%

OTechno-economic + organisational energy conservation potential (%)

@ Techno-economic energy conservation potential (%)

Figure 15: The individual techno-economic and oig@ional EC potential in percent of the
respective company’s energy use. While the teclwoo@mic potential represents the adoption of all
available cost-effective EC technologies, the oiggtional EC potential can be achieved through
sound energy management practices (see Backlwaid 2012b).

We discussed the integrated system approach oflBatlet al. (2012b) and Palm
and Thollander (2010) — the adoption of cost-effecECM in combination with sound
energy management practices will lead to an higlmeential (see section 4) — in the
follow-up interviews which was well accepted by theerviewees. Among other
things, it was argued by the participants that doemergy management ensures that the

priorities and potential EC options will be discedson a high organisational level



which avoids sub-optimisation. It would furthermagere a long-term view of the
whole site rather than sub-optimising single areath a short-term perspective.
Accordingly, the EC potential of the combined apmto was assessed in the
questionnaire to be 2.4% higher than the techno@oa potential. The weighted
average total potential of 9.7% is near the 12%hefBacklund et al. (2012a) study in
the Swedish county of Gavleborg with a similar ustending of the addressed
potentials. However, as results from this papemstivat EC potential is related to
energy intensity, and seems to be considerably ridiwe highly energy-intensive

companies, EC potential figures should be treatiéd @aution.

7. Concluding discussion

Our study investigates four aspects that are as®ocivith the adoption of energy
cost-effective ECM in the Swedish ISI: barriersydrs, energy management practices
and energy services. Twenty-three of 46 identiffedmbers of the Swedish steel
producers’ association participated in our studiiclv represents 80% of the sector’s
total turnover. Our study stands out from previoostributions, because it covers these
four aspects in the same empirical investigationthis way, the linkages between the
aspects can be investigated, which provides a malistic view of the subject than an
isolated investigation. Accordingly, the conclusobased on the connections and
interactions between the particular aspects amuss®ed and concluded in this chapter,
first for the whole sample size and then for sg@@ducers and downstream actors

separately.

7.1 Whole sample size

The most important perceived barriers, i&c¢hnical risks, limited access to

capital andother priorities for financial investmentan be related to theconomicarea



in the Cagno et al. (2013) taxonomy. This conclasgowithin the corridor of results of
other studies (see Table 3) and reflects to songeedethe continuing effects of the
global financial crisis on the highly export-oriedt Swedish ISI. The economic
restrictions are mirrored by the high restrictiamsthe profitability of EC investments.
Only four of 23 companies invest in ECM with paykaitme of more than three years.
On the other side, external drivers that addressettonomic issue, e.@PF, energy
audit subsidiesand investment subsides for energy efficiency teclgmdowere rated
as being of only moderate importance for participatn particular TPF, which is
advised by policy-makers as a market-oriented agbrdo overcome firms’ economic
restrictions, was hardly requested as an energycsein line with Soroye and Nilsson
(2010), the interviewees stated that hardly anypmamg offers TPF services. Further
research on actions to raise the attractivenesE$@Os to provide and for companies
to request TPF services is suggested. Moreoverhitpe ranking oflack of actors
indicates that policy actions are needed to exghrdsize and attractiveness of the
Swedish ESCO market.

According to the patrticipants, internal economilated drivers, e.gcost reduction
resulting from lowered energy usate twice as important for the adoption of cost-
effective ECM than the abovementioned externaleitsvThis means that according to
the companies themselves, the most effective paineverage to improve energy
efficiency is within the company. Furthermore, h#ie firms assessedehavioural
barriers like insufficient top management suppdd be important barriers. The
investigation of the energy management practicesvet that steel companies are
actively engaged in the topic, but need to raise whlue and awareness of energy
efficiency within the company. Energy managemermstesys are an important tool to

establish a sustainable mindset to improve eneffgyemcy. Studies like Backlund et



al. (2012a) showed that long-term agreements ssdheaSwedish PFE (Program for
Energy Efficiency in energy-intensive industry) céacilitate such a mindset by
demanding that companies, among other things, gk an energy management
system in order to get a 100% electricity tax refufhe high ranking of the respective
driver, the positive feedback of the interviewesdsng with the findings of Backlund et
al. (2012a) and Thollander and Ottosson (2008)catdi that the PFE is a promising
concept which can help in overcoming barriers te #Hdoption of ECM in other

countries.

7.2 Steel producers

The production processes of steel producers areoimparison to downstream
actors more complex and integrated. Accordingschnical risksare the most
important barrier for steel producers to the adoptf cost-effective EC technologies.
The focus of Swedish steel producers on niche mtsdresulted in an even higher
degree of specialisation of the already sectoriipeproduction processes. Thus,
external consultants need much time to become atable with the plant design
which is one aspect of the steel producers to pardbelack of technical competence
as the crucial barrier to request energy serviéesa consequence of failed projects, we
experienced a lack of trust from steel producevgatds the ESCO concept. The low
rating of limited access to capitddarrier, the considerable turnover of 7,000 million
SEKz012 On average and the low rating of the TPF drivemsithat financial services
like TPF are not of interest to steel companieswélger, some steel producers had
good and long-lasting energy services for suppartgsses like energy distribution and
supply. We conclude that the concept of ESCOs isegaally suitable for all sectors
and suggest ECSO in the case of process indudtrsidecus instead on support

processes.



Steel producers stated further a remarkably lowechrno-economic and
organisational EC potential compared to downstreamors. Provided that a lower
potential is achieved because more cost-effect@&ithad been adopted, the reasons
are manifold: First of all, steel producers ratkd lack of technical skillandlack of
information about allocation of energy co$tarriers as of low importance. We see one
reason for this in the employment of an energy ganasho deals with the company’s
energy efficiency on a regular basis. Another inguarreason is that eight of nine steel
producers had recently conducted energy audits, amtcated a profound
understanding of their EC options. These two facts often referred to as the basic
requirements for energy management and steel pecsluaodeed showed a more
profound energy management than downstream addorsther reason for the low
techno-economic EC potential is profitability. Rtability depends in case of ECM on
several factors: capital and operation expendifueesnomic lifetime, specific EC,
energy prices, and the profitability method andecia. Due to the high energy intensity
of steel producers and the fact that potential EGMhe steel production process have
high capital expenditures (cf. Brunke and Blesl14£0 the energy cost reduction of
ECM for steel producers is higher than for dowrestreactors. However, the steel
producers’ preference for short payback times $intlite profitability of investment in
ECM. Thus, policies that promote certified energanagement systems and long
cycles between policy changes, so that companiesneke use of the capital-intensive
long-term investments, are suggested to addressnitrgy efficiency gap in the ISI of

Sweden.

7.3 Downstream actors

In contrast to steel producers, downstream actatedson average a considerably

higher techno-economic and organisational EC patieM/e give three reasons for this:



First of all, downstream actors are — in comparispsteel producers — more limited in
resources. The turnover of downstream actors iimds lower (median 575 million
SEKz012) making it difficult to acquire the necessary farfdr investments in ECM as
77% of the downstream actors dewited access to capitads an important or very
important barrier. Accordingly, downstream actors more sensitive to market-based
instruments as they rated the importance of paktgted drivers such daxes (e.g.
electricity, energy, C®sulphur, NQ) andElectricity Certificate Systems (ECRigher
than steel producers. We see the lack of knowlgdgarding ECM as the second
reason as only downstream actors ratedldélok of technicalskills barrier and the
detailed support from energy experts (help delsk)er as important. Plus, only 62% of
the downstream actors had performed an initiai-finse energy audit. We see the third
reason in the lack of energy management practict3Ys-total soundness compared to
61% for steel producers — in particular in the gatees:organisation investmentand
policy. Accordingly, downstream actors rated energy memat-related barriers and
drivers higher. In contrast to steel producers different services of ESCOs harmonise
with the needs of downstream actors. TPF for ECMestments addresses the
identified capital issue. The production processésdownstream actors are less
complex and more homogenous so that the consultasiervices (e.g.project
identification & appraisal fit into the identified knowledge gap. Regardiagergy
management practices, results showed that the sesaads correlated with the numbers
of employees. In order to respect the lower commng (median of 160 employees),
we suggest that downstream actors appoint a higd-lenanager as part-time
responsible for energy management. This managdd dmei supported on a regular
basis by ESCOs so that comprehensive energy maeagesnensured. This concept,

however, will not comply with existing standards fenergy management systems



which need to be accounted for in political inceesi for firms to practice improved
energy management (see Christoffersen et al., 2&#8jarding the downstream actors’
lack of knowledge about ESCO services and the loigicern of costs for energy
services, we suggest that ESCOs start advertibieig services towards downstream

actors with transparent pricing.
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> We investigate four aspects to improve energy efficiency in industries.

> We use questionnaires and follow-up telephone interviews for data collection.

> Most important drivers and barriers are in the economic and behaviour categories.
> Firms need to raise the prioritisation of energy management within the organisation.

> Including energy management raises the energy efficiency potential by 2.4% to 9.7%.



