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Abstract: Industrial energy efficiency is important for reducing CO2 emissions and could be a 
competitive advantage for companies because it can reduce costs. However, cost-effective energy 
efficiency measures are not always implemented because there are barriers inhibiting their 
implementation. Drivers for energy efficiency could provide means for overcoming these barriers. 
The aim of this article was to study the importance of different barriers to and drivers for improved 
energy efficiency in the Swedish aluminium industry and foundries that cast aluminium. 
Additionally, the perceived usefulness of different information sources on energy efficiency 
measures was studied. The data were collected through a questionnaire covering 39 barriers and 48 
drivers, divided into different categories. Both the aluminium and foundry industries considered 
technological and economic barriers as the most important categories. The most important category 
of drivers for the aluminium industry was organisational drivers, while the foundries rated 
economic drivers as the most important. Colleagues within the company, the company group and 
sector, and the trade organisation were considered the most useful information sources. Important 
factors for driving work with improved energy efficiency included access to knowledge within the 
company, having a culture within the company promoting energy efficiency, and networking 
within the sector. The policy implications identified included energy labelling of production 
equipment, the law on energy audit in large companies and subsidy for energy audits in small- and 
medium-sized companies, voluntary agreements that included long-term energy strategies, 
increased taxes to improve the cost-effectiveness of energy efficiency measures, and EUs Emission 
Trading System. 

Keywords: aluminium industry; foundry industry; energy efficiency; barriers; drivers; driving 
forces; information sources; questionnaire 

 

1. Introduction 

The Paris Agreement aims for a maximum increase of well below 2 °C in the global average 
temperature compared to pre-industrial levels, with efforts to limit this increase to 1.5 °C [1]. 
Additionally, the Paris Agreement aims to make financial flows lead towards low greenhouse gas 
(GHG) emissions [1]. In 2016, the industrial sector accounted for 38% of final energy use globally and 
24% of the direct global CO2 emissions [2]. Industrial energy efficiency is important for reducing CO2 
emissions [3], and thus meeting the goals of the Paris Agreement, but could also be a competitive 
advantage for companies because of its potential to reduce energy costs. 

Previous research has shown that cost-effective energy efficiency measures are not always 
implemented in industry [4–8]. This implies the existence of an energy efficiency gap [4,6–8], which 
is the difference between the optimal and actual implementation of energy efficiency measures [5,8]. 
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The energy efficiency gap is commonly explained by barriers inhibiting the implementation of 
possible measures [4–8]. Drivers for energy efficiency could provide means for overcoming these 
barriers, and are therefore interesting to study along with the barriers [5]. Barriers to, and drivers for, 
improved energy efficiency have been described and categorised in previous research (see e.g., 
[4,5,7,9–16]). Barriers to and drivers for improved energy efficiency have been studied in different 
industry sectors worldwide (see e.g., [17–33]). 

Aluminium can be produced either from primary or secondary sources. The production of 
primary aluminium starts with the mining of aluminium ore, bauxite [34]. Bauxite is refined to 
aluminium oxide, also called alumina, which is then electrically reduced in the electrolytic process 
called the Hall–Héroult process to produce pure aluminium [34]. Holding furnaces are used when 
adding alloying elements to the aluminium [34] to achieve the desired properties of the metal. 
Secondary aluminium is produced by melting post-consumer scrap [34]. Alloying elements and/or 
pure aluminium are added to the metal to ensure that the proportions of different elements in the 
alloy are within desired limits. Both primary and secondary aluminium are cast into ingots, slabs, or 
billets [34] depending on the application. Profile extrusion uses hydraulic pressure to push a 
preheated billet through a steel die to produce an elongated shape with a uniform cross-section [34]. 
Rolling uses counter-rotating steel rolls to reduce the thickness of slabs to produce aluminium sheets 
with a desired thickness [34]. In foundries, shape casting is used to produce components of desired 
shapes by pouring molten aluminium into moulds, and there are different methods that can be used 
for this [34]. The aluminium industry is here defined as companies dealing with the primary and 
secondary production of aluminium, profile extrusion, and rolling. Foundries will be presented 
separately in the article. This categorisation is based on the Swedish Standard Industrial 
Classification (see [35]), where aluminium production, profile extrusion, and rolling belong to code 
24.420, and the casting of aluminium into semi-finished products belongs to code 24.530 [36]. 

Both the aluminium industry and the foundry industry are energy-intensive and use substantial 
amounts of fossil fuels (for energy purposes) and electricity. The use of fossil fuels and electricity 
(depending on how the electricity is generated) results in energy-related GHG emissions. Energy 
efficiency in the aluminium and foundry industries is thus important for reducing GHG emissions. 
Additionally, electrolysis uses fossil coal in the form of carbon anodes as reaction material, which 
results in process-related GHG emissions [34,37,38]. These process-related GHG emissions could be 
eliminated by using so-called inert anodes, which is a technology not fully developed yet [34]. 
Another possibility for reducing these GHG emissions would be to use industrial carbon capture and 
storage (ICCS) [39]. However, negative or reluctant attitudes, including so-called “not-in-my-
backyard” (NIMBY) attitudes, toward ICCS exist in many countries, which may hamper further 
developments of the ICCS technology [40]. Carbon capture and utilisation (CCU), where the CO2 is 
used to make products, could be a better solution than CCS since CCU is perceived as better than 
CCS by the public [41], and the problems associated with the storage of CO2 are eliminated. 

The countries mining the largest amount of bauxite in the world are Australia, China, Brazil, 
Guinea, and India [42,43] who accounted for 28.9%, 23.5%, 13.6%, 10.7%, and 8.5% of the world´s 
total annual production of 289 Mton (year 2016), respectively [42]. The largest producers of alumina 
are China, Australia, Brazil, India, and Russia [42,43] who accounted for 51.2%, 17.4%, 9.2%, 4.9%, 
and 2.3% of the world´s total annual production of 118.9 Mton (year 2016), respectively [42]. Sweden 
does not have any mining of bauxite nor any production of alumina. The largest producers of primary 
aluminium in the world are China, Russia, Canada, India, and United Arab Emirates [42,43] who 
accounted for 54.2%, 6.1%, 5.5%, 4.9%, and 4.2% of the world´s total annual production of 58.8 Mton 
(year 2016), respectively [42]. Sweden ranks 32nd place regarding production of primary aluminium 
and accounts for 0.2% of the world´s total production (year 2016) [42]. Statistics on the annual 
production of secondary aluminium and semi-finished products (extruded, rolled, and casted 
products) are scarce. One reason for this is that the amount of delivered semi-finished products are 
considered confidential to the industry in many regions [44]. 

The Swedish aluminium industry consists of five companies and includes the primary (from 
electrolysis onwards) and secondary production of aluminium, profile extrusion, and rolling. In 
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Sweden, there is no mining of bauxite or alumina production. The Swedish foundry industry has 100 
foundries in total [45], of which 36 cast aluminium. About 80% of the produced tonnage of aluminium 
castings is produced using pressure die casting, with chill casting and sand casting accounting for 
about 10% each [45]. 

Barriers to and drivers for improved energy efficiency have previously been studied in different 
sectors within the Swedish industry. The studied sectors are the foundry industry [6], pulp and paper 
industry [4], iron and steel industry [11,46], non-energy-intensive manufacturing industry [7], 
manufacturing small- and medium-sized enterprises (SMEs) [47], and industrial companies in 
Oskarshamn municipality as well as industrial companies participating in the Swedish policy 
programme “Uthållig kommun” (“Sustainable municipality”) [13]. Barriers to [48] and drivers for 
[49] improved energy efficiency in European foundries, including Swedish foundries, have also been 
studied. Johansson and Thollander [50] conducted a review of previous studies on barriers to and 
drivers for improved energy efficiency in the Swedish industry. They include the studies previously 
mentioned in this paragraph. Barriers to and drivers for improved energy efficiency in compressed 
air systems have also been studied [5]. Lawrence et al. [51] studied barriers to and drivers for energy 
management in the Swedish pulp and paper industry. 

Batterham [52] reviewed the drivers for technology innovation in alumina production that may 
drive the companies to improve their processes. A part of this process improvement is to improve 
energy efficiency [52]. Bailey and Ditty [53] studied whether economic policy instruments in the UK 
provide sufficient incentives to overcome barriers to investment in improved energy efficiency in 
energy-intensive sectors (aluminium, chemicals, and cement). Su et al. [54] studied improved energy 
efficiency in a Chinese foundry and identified a number of barriers to improved energy efficiency. 
Nagesha and Balachandra [55] studied barriers to improved energy efficiency in a foundry cluster in 
India. Haraldsson and Johansson [56] studied improved energy efficiency in the supply chains of the 
Swedish aluminium industry and how demands from actors both within and outside the supply 
chains affected the work with energy efficiency. These demands could act as either barriers to or 
drivers for improved energy efficiency [56]. However, Haraldsson and Johansson [56] did not study 
how important these demands were as barriers to or drivers for improved energy efficiency. 
Additionally, many of the demands focused on the products rather than the companies [56]. 

The perceived usefulness of information sources on energy efficiency measures in industry is a 
relatively unexplored area in previous research on energy efficiency in industry. It has been studied 
in Swedish foundries [6], industrial companies in Oskarshamn municipality, as well as industrial 
companies participating in the Swedish policy program “Uthållig kommun” (“Sustainable 
municipality”) [13], and Ghana´s largest industrial area [33]. Credibility and trust in the information 
sources are important for effective information dissemination [13] and for the information regarding 
energy efficiency investments to be accepted [6]. This makes it interesting to study how companies 
perceive the usefulness of different information sources. 

The importance of barriers to and drivers for improved energy efficiency within the companies 
that comprise the Swedish aluminium industry has not yet been studied. The same applies for the 
perceived usefulness of information source on energy efficiency measures. Sector- and region-specific 
studies on barriers to improved energy efficiency are needed since the importance of barriers differ 
depending on sector- and region-specific conditions [4,6]. The same applies to drivers and 
information sources. This makes it interesting to study the Swedish aluminium industry. Rohdin et 
al. [6], Trianni et al. [48], and Thollander et al. [49] studied foundries that cast different types of metals 
(not only aluminium), while our article focuses on foundries that cast aluminium. In their analysis, 
Trianni et al. [48] present their results by metal and by country, but it is not possible to identify which 
barriers are important for the Swedish foundries that cast aluminium. The paper by Rohdin et al. [6] 
was published about 12 years ago and things might have changed since then. 

The aim of this article is to study the importance of different barriers to and drivers for the 
implementation of cost-effective energy efficiency measures in the companies comprising the 
Swedish aluminium industry and Swedish foundries that cast aluminium alloys. Additionally, the 
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perceived usefulness of different information sources on energy efficiency measures will be studied. 
The following research questions will be covered in the article: 
1. Is there an energy efficiency gap in the Swedish aluminium industry and Swedish foundries that 

cast aluminium alloys? 
If so: 

2. Do the companies perceive that their priority of energy issues has changed over time? 
3. What barriers are inhibiting the implementation of cost-effective energy efficiency measures in 

the Swedish aluminium industry and Swedish foundries that aluminium alloys? 
4. What drivers are stressing the implementation of cost-effective energy efficiency measures in 

the Swedish aluminium industry and Swedish foundries that cast aluminium alloys? 
5. How do the Swedish aluminium industry and Swedish foundries that cast aluminium alloys 

perceive the usefulness of different information sources on energy efficiency measures? 

2. Materials and Methods 

A questionnaire was used for collecting the data. The questions were based to a large extent on 
previous questionnaires and studies on the Swedish industry (e.g., [5,50,51]). However, some 
additional questions were added. Most questions were closed-ended and many of the questions used 
Likert scales in order to facilitate comparisons between the different respondents’ answers in order 
to gain a rating of the barriers, drivers, and information sources. A closed-ended question has a 
number of predetermined answers that the respondents can choose from [57]. The Likert scale is a 
tool for measuring the intensity in a feeling, experience, or attitude, and includes a number of options 
reflecting different levels of intensity [57]. Questionnaires were chosen as a method due to the 
relatively large number of respondents (41), and because most of the questions were closed-ended. 
This is in line with Bryman [57], who stated that questionnaires commonly have mostly closed-ended 
questions and are advantageous for a large number of respondents. 

The barriers and drivers included in the questionnaire are shown in Table 1 and Table 2, 
respectively. The respondents were asked to rate each barrier and driver on a Likert scale with the 
options “Never important”, “Rarely important”, “Fairly important”, “Often important”, and 
“Always important”. 

Table 1. Barriers included in the questionnaire. The table also lists references that previously studied 
barriers to improved energy efficiency (or energy management) in the Swedish industries or in 
aluminium and foundry industries in countries other than Sweden. 

Category Barrier Previously Studied in 
Technology Technology is inappropriate at this site [4–7,13,47,48]1 

Complex production processes [51]2 
Risk of poor performance of purchased equipment or after 

changed working routines 
[4–7,13,47,48,51]1,2 

Technical lifetime of equipment decides when energy 
efficiency measures are implemented 

[52] 

Technical risk such as risk of production disruption [4–7,11,13,46–48]1 

Lack of sub-metering on machine or division level [4–6,13,47,48]1 
Risk of changes affecting product quality [51]2 

Risk of changes affecting production capacity [51]2 
Economics Cost of production disruption [4–7,13,47,48,51] 1,2 

Cost of identifying opportunities and analysing cost-
effectiveness 

[4–7,13,47,48,51]1,2 

Cost of staff replacement, retirement, and retraining [4–6,13,48,51]1,2 
Lack of access to capital [4–7,13,46–48,51,53,54]1,2 
Other priorities for capital investments [4–7,11,13,46–48]1 
Uncertainties regarding hidden or indirect costs [46,51]2 

The benefits of energy efficiency are not expected to 
outweigh the costs 

[51]3 
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Lack of budget funding for energy efficiency [4–6,13,47,48]1 
Lack of budget funding for energy management [51]2 
Uncertainties regarding future energy prices and economic 

policies 
[46] 

Organisation Slim organisation [4–6,13,47,48,51]1,2 
Difficulties in collaborating between divisions [46] 
Long decision chain [4–6,13,47,48]1 
Lack of time or other priorities [4–7,11,13,46–48,51,54]1,2 
Energy efficiency not part of core activities [51]3 

Non-energy related work tasks have higher priority [51]2 
No opportunities for improved energy management [46] 
Uncertainty regarding the company´s future [4–6,13,47,48,51]1,2 
Energy objectives not integrated into operating, maintenance 

or purchasing procedures 
[4–6,13,47,48,51]1,2 

Top management not prioritising energy issues [4,6,13,46–48,51]2 
Energy manager lacks influence [4–6,13,46,48,51]1,2 
Conflicts of interest within the company [4–6,13,47,48,51]1,2 
Department/workers not accountable for energy costs [4–6,13,48]1 

Information & 
behaviour 

Poor information quality regarding energy efficiency 
opportunities 

[4–7,13,46–48]1 

Difficult to obtain information on the energy use of 
purchased equipment  

[4–7,11,13,47,48]1 

Lack of technical skills regarding energy efficient technology [4–7,13,46–48]1 
Lack of internal expertise [11,51,54]2 
Lack of external expertise [11,51]2 
Lack of knowledge about daily operations [51]2 
Lack of staff awareness regarding energy issues [4–7,13,46–48,51,54]1,2 
Staff reluctant to changes they have no experience of [11,51]2 

1 Nehler et al. [5] studied barriers to and drivers for improved energy efficiency in compressed air systems (i.e., 
not energy efficiency in a specific industry). 
2 Lawrence et al. [51] studied barriers to and drivers for energy management and not energy efficiency. 
3 Lawrence et al. [51] studied a similar barrier but for energy management rather than energy efficiency. 

Table 2. Drivers included in the questionnaire. The table also lists references that previously studied 
drivers for improved energy efficiency (or energy management) in Swedish industries or in 
aluminium and foundry industries in countries other than Sweden. 

Category Driver Previously studied by 
Economics Improved work environment [4,5,13,49,51]1,2  

Cost reductions due to lower energy use [4,5,11,13,46,49,51,52]1,2 
Threat of rising energy prices [4,5,13,46,49,51]1,2 
Access to capital/budget funding for energy efficiency [7] 
Incentive agreement/Third-party financing/Energy 

performance contracting 
[4–6,13,46,51]1,2 

Beneficial loans for energy efficiency investments [4,5,13,46,49]1 
Investment subsidies for energy efficient technologies [4,5,13,46,49]1 
Reduced waste [51]2 
Reduced maintenance [51]2 
Reduced power charge/avoid exceeding power peaks [51]2 

Organisation Long-term energy strategy [4–7,13,46,47,49,51]1,2 
Energy management system [5,13,47,51]1,2 
Environmental management system [4–6,13,49]1 
Quality or other management systems [51]2 
Environmental company profile [4–7,13,47,49,51]1,2 
Demands from owners [5,13,46,49,51]1,2  
Full support from top management [5,11,13,46,49,51]1,2 
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Allocation of energy costs based on sub-metering [51]2 
Well-functioning relations within organisation [51]2 

Information & 
behaviour 

Network within the company or company group [4,5,11,13,49,51]1,2 
Network outside company or company group [11,51]2 
Network within the sector or trade organisation [4,5,13,46,49,51,52]1,2 
Information and support through trade organisation [4,5,13,46,49]1 
General energy advice through seminars [5,13,49,51]1,2 
General energy advice through journal/brochure [5,13,49,51]1,2 
Local authority energy consultancy [5,13,46,49]1 
Detailed support from energy experts when implementing 

energy efficiency investments 
[4,5,13,46]1 

People with real ambition [4–7,11,13,46,47,49,51]1,2 
Ability to make use of and spread individuals’ knowledge 

about support and production processes 
[51]2 

Internal education [51,54]2 
Access to internal expertise with knowledge about the 

processes 
[7,11,51]2 

Access to external expertise with knowledge about the 
processes 

[51]2 

Knowledge about daily operations [51]2 
Market International competition [4–6,13,46,47,49,51,52]1,2 

Demands and questions from customers [5,13,49,51]1,2 
Pressure from different environmental NGOs [4,5,13,46,49,51]1,2 
Energy service companies (ESCOs) responsible for operation 

and maintenance of buildings 
[4,5,13,49]1 

Government & 
policy 

Taxes (energy tax, carbon tax, etc.) [5,13,46,49,51]1,2 
EU Emission Trading System (EU ETS) [4,5,13,46]1 
Electricity Certificate Systems [4,13,46] 
Voluntary long-term agreements with tax exemption (PFE) [4,5,13,46,49,51]1,2 
Demands for efficiency from the Swedish county 

administrative boards 
[51]2 

Annual environmental report to the Swedish county 
administrative boards, including an energy plan and 
proposed efficiency measures 

[4,13,49] 

Energy efficiency requirements due to current law (e.g., the 
Swedish Environmental Code)  

[4,5,11,13,46]1 

Demands for a conducted energy audit with proposed 
energy efficiency measures 

 

Publicly financed energy audits by energy consultant or 
sector organisation 

[4,5,13,46]1 

The municipality´s energy plan/energy strategy [13,51]2 
Public sector as role model [5,13,49]1 

1 Nehler et al. [5] studied barriers to and drivers for improved energy efficiency in compressed air 
systems (i.e. not energy efficiency in a specific industry). 
2 Lawrence et al. [51] studied barriers to and drivers for energy management and not energy efficiency. 

The respondents were asked to rate the usefulness of different information sources for energy 
efficiency measures on a Likert scale with the options “Do not use”, “Not very good”, “Fairly good”, 
“Good”, and “Excellent”. The information sources were: 

• Colleagues within the company or company group 
• Colleagues within the sector 
• The trade organisation 
• The Swedish Energy Agency 
• Written information sources (e.g., journals) 
• Conferences and seminars 
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• Information from energy companies 
• Product information from suppliers 
• Consultants (performing energy audits) 
• Energy audits 
• The Swedish county administrative board  
• The municipality 

Respondents were asked to rate the changes in their companies’ prioritising of energy issues 
during different time intervals (before 1996, 1996–2000, 2000–2005, 2005–2010, 2010–2015, and 2015–
2018). The change in priority was rated on a Likert scale with the options “Do not know”, “Decreased 
priority”, “Unchanged priority”, and “Increased priority”. A question about how many years the 
respondents have worked at their respective companies was added to verify the answers to the 
question about the priority. The respondents were asked to what extent they agreed with the 
following statement: “There exist energy efficiency measures that are not yet implemented at the 
company and that are cost-effective according to the company’s payback criteria.” The respondents 
rated their agreement with this statement on a Likert scale with the options “Fully agree”, “Partially 
agree”, “Neutral”, “Partially disagree”, “Fully disagree”, and “Do not know”. This question was used 
to identify whether there existed an energy efficiency gap in the Swedish aluminium industry and 
foundries casting aluminium alloys. This was considered sufficient for answering the first research 
question, and no measurement of the size of the energy efficiency gap was conducted. Questions 
about the number of employees and annual turnover, whether the company was profitable over the 
past three years, what the company’s payback criteria for energy efficiency measures were, whether 
the company had a written long-term energy strategy, and how the company allocated energy costs 
among divisions were added to the questionnaire. 

As already mentioned, this questionnaire was based on questionnaires used in previous studies, 
which meant that many of the questions had already been tested in action. However, a draft of the 
questionnaire was discussed during a workshop with representatives from four large aluminium 
companies in Sweden, one person from the Swedish Aluminium Association, and individuals from 
another research institute. The discussions revolved around whether the phrasing of the questions 
was understandable. Another person from the Swedish Aluminium Association sent comments by 
e-mail. Two PhD students within the same research field also gave their comments on the draft. There 
is always the risk that respondents could misinterpret the questions, but the rigorous testing of the 
questionnaire minimized this risk. 

The web-based software Survey&Report was used for the questionnaire, which was first sent 
out by e-mail during spring 2018. The first two reminders were sent by e-mail. The next two 
reminders were conducted by telephone, where the respondents were given the opportunity to 
choose to answer the questionnaire either by telephone or online. 

The questionnaire was sent to 41 companies covering primary and secondary aluminium 
production, profile extrusion, and rolling as well as foundries that cast aluminium alloys. The 
Swedish aluminium industry consists of five companies, as stated in the introduction, and all of these 
were included in the study. The remaining 36 companies were all the foundries in Sweden that cast 
aluminium alloys. Energy managers at the companies were prioritised as respondents. If the 
companies had no energy manager appointed, the questionnaire was sent to the CEO, production 
manager, or corresponding positions. In addition, the respondents were given the opportunity to 
forward the questionnaire to an employee at the company that was considered better suited to answer 
the questionnaire. The response rate for the aluminium industry was 100% since all five companies 
answered the questionnaire. For the foundries, ten complete answers and two partial answers were 
received, resulting in a response rate of 28% and 33% out of the 36 foundries, respectively. The total 
response rate for the entire population (41 companies) was 37% for complete answers, and 41% when 
including partial answers. The two partial answers were a result of technical difficulties with the 
software Survey&Report. After the difficulties were identified and corrected, the respondents were 
asked to answer the remaining questions, but they did not do so.  
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3. Results and Analysis 

All respondents in the aluminium industry agreed that there were energy efficiency measures 
that were cost-effective according to the companies’ payback criteria, but they were not yet 
implemented. For the foundries, nine respondents agreed that such energy efficiency measures 
existed, and one respondent was neutral. This verified that there was an energy efficiency gap in both 
the aluminium industry and the foundries, which answered the first research question and made it 
worth studying the rest of the research questions.  

Table 3 shows the perceived changes in the companies´ prioritising of energy issues. Answers 
for the time intervals before the respondents began to work at their respective companies should be 
taken with caution. There was a trend of increased prioritising of energy issues in both the aluminium 
industry and the foundries during the period 2010–2015 onwards. In some companies, the increase 
started earlier than that. 

Table 3. Perceived change in the companies’ prioritising of energy issues. The two partial answers 
did not include answers to this question. + = increased priority, 0 = unchanged priority, − = decreased 
priority, ? = the respondent did not know. 

 Time Interval Number of Years the 
Respondent Has 

Worked at the 
Company 

 
Before 

1996 
1996–
2000 

2000–
2005 

2005–
2010 

2010–
2015 

2015–
2018 

Aluminium 
industry        

Respondent 1 ? ? ? ? + + 5 
Respondent 2 0 0 + + - 0 8 
Respondent 3 0 0 0 + + + 39 
Respondent 4 ? ? ? ? + ? 24 
Respondent 5 ? ? ? + + + 10 

Foundries        
Respondent 6 0 0 0 0 0 0 17 
Respondent 7 ? ? ? + + + 26 

Respondent 8 
No 

answer 
No 

answer 
No 

answer 
No 

answer 
No 

answer + 5 

Respondent 9 0 0 0 0 0 + 6 
Respondent 10 − − + + + + 30 
Respondent 11 ? ? ? 0 0 + 3 
Respondent 12 ? ? ? ? 0 0 10 
Respondent 13 ? ? ? + + + 12 
Respondent 14 0 0 0 0 + + 1.5 
Respondent 15 ? ? ? ? + + 3 

Figure 1 shows the top-ranked barriers for the aluminium industry and foundries. The figure 
shows each respondent’s rating and the mean rating. The rating for all barriers is shown in Table A1 
and Table A2 in the Appendix. For both the aluminium industry and the foundries, there were 
variations in the answers for all barriers (see Table A1 and Table A2 in the Appendix). However, the 
sizes of the variations were different for the different barriers. Smaller variations indicated a more 
unanimous view on the importance of the barrier. 
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Figure 1. Top-ranked barriers for aluminium industry and foundries. The barriers were evaluated 
based on a Likert scale from “Never important” (1) to “Always important” (5). The bars show the 
mean values of the rating and the circles show each respondent’s individual rating. Blue bars 
represent the aluminium industry and green bars the foundries. 
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Figure 2 shows the top-ranked drivers for the aluminium industry and foundries. The figure 
shows each respondent’s rating and the mean rating. Note that the two most important drivers for 
the aluminium industry showed no variations in the answers. The ratings for all drivers are shown 
in Table A3 and Table A4 in the Appendix. 

For the aluminium industry, there were five drivers for which all the respondents chose the same 
answer for rating the importance and were, thus, totally unanimous. This was for the drivers “people 
with real ambition”, “full support from top management”, “network within sector or trade 
organisation”, “network outside company or company group”, and “pressure from different 
environmental NGOs”. For the other drivers, there were variations in the answers from the 
respondents in the aluminium industry. For the foundries, there were variations in the answers for 
all drivers (see Table A3 and Table A4 in the Appendix). The sizes of the variations for both the 
aluminium industry and the foundries were different for the different drivers. As for the barriers, 
smaller variations indicated a more unanimous view on the importance of the driver. 

The drivers “people with real ambition”, “full support from top management”, “well-
functioning relations within organisation”, and “demands from owners” could be categorised as the 
culture within the company. This meant that having a culture within the company that promoted 
work with improved energy efficiency was beneficial. 

Access to knowledge about the processes and their operation, and the ability to make use of and 
spread this knowledge, was another important factor for driving the work with improved energy 
efficiency. 
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Figure 2. Top-ranked drivers for aluminium industry and foundries. The drivers were evaluated 
based on a Likert scale from “Never important” (1) to “Always important” (5). The bars show the 
mean values of the rating and the circles show each respondent’s individual rating. Blue bars 
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represent the aluminium industry and green bars the foundries. Note that the two most important 
drivers for the aluminium industry had no variations in the answers. 

Figure 3 shows the rating of the categories of barriers and drivers. 

 

Figure 3. Rating of categories of barriers and drivers divided into aluminium industry and foundries. 
The ratings were calculated as the average of the ratings for the barriers and drivers in each category. 
The barriers and drivers were evaluated based on a Likert scale from “Never important” (1) to 
“Always important” (5). 

Figure 4 shows the top-ranked information sources on energy efficiency measures divided into 
aluminium industry and foundries. The figure shows each respondent’s rating and the mean rating. 
The rating for all information sources is shown in Table A5 and Table A6 in the Appendix. There 
were large variations in the rating of most of the information sources for both the aluminium industry 
and the foundries. These variations made it harder to draw general conclusions. 

Networks within the sector or trade organisation appeared to be an important factor for the work 
with improved energy efficiency. This was because the trade organisation and colleagues within the 
sector were ranked among the most useful information sources by both the aluminium industry and 
the foundries. Additionally, the driver “network within sector or trade organisation” was ranked 
“often important” by the aluminium industry and “fairly important” by the foundries. 

The aluminium industry ranked product information from suppliers as among the least useful 
information sources on energy efficiency. Additionally, this industry ranked “risk of poor 
performance of purchased equipment or after changed working routines” among the most important 
barriers. Furthermore, both the aluminium industry and the foundries ranked “difficulty of obtaining 
information on the energy use of purchased equipment” as being a “fairly important” barrier. This 
implied that the product information from technology suppliers could be improved regarding the 
energy use/efficiency and performance of the equipment. 
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Figure 4. Top-ranked information sources on energy efficiency measures divided into aluminium 
industry and foundries. The bars show the mean values of the rating and the circles show each 
respondent’s individual rating. Blue bars represent the aluminium industry and green bars the 
foundries. The usefulness was evaluated based on a Likert scale from “Do not use” (1) to “Excellent” 
(5). The two partial answers did not include answers to this question. 

The companies in the aluminium industry were typically larger than the foundries, in terms of 
both number of employees and turnover (see the text in conjunction with Table A7 in the Appendix). 
This was one reason for the differences between them regarding their rating of the barriers, drivers, 
and information sources. 

The aluminium industry rated the barriers “lack of technical skills regarding energy efficient 
technology”, “lack of internal expertise”, and “lack of knowledge about daily operation” slightly 
higher in importance than the foundries. It also rated the drivers “access to internal expertise with 
knowledge about the processes”, “knowledge about daily operations”, and “ability to make use of 
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and spread individuals´ knowledge about support and production processes” slightly higher than 
the foundries. The aluminium industry rated the barrier “complex production processes” higher than 
the foundries, which was one reason why the aluminium industry perceived barriers and drivers 
regarding knowledge as more important than the foundries did. Complex production processes 
placed higher demands on the competences of employees and their knowledge about how the 
processes work.  

Some of the companies were not profitable over the past three years (see Table A7 in the 
Appendix). The profitability of a company may affect the amount of focus it places on energy 
efficiency, especially when it comes to measures requiring investment. If the company is not 
profitable, there may not be enough budget funding for investing in energy efficiency. However, 
there was no clear difference in the importance of the barriers “lack of access to capital”, “lack of 
budget funding for energy efficiency”, and “lack of budget funding for energy management” 
between the companies that were profitable for all or two of the past three years and those that were 
profitable for none or one of the past three years. The same applied to the driver “access to 
capital/budget funding for energy efficiency”. This meant that the profitability of a company did not 
appear to affect how it perceived the importance of access/lack of money to invest in energy 
efficiency. Both the aluminium industry and the foundries were energy-intensive, which implied that 
there was an incentive for the studied companies to work with energy efficiency, regardless of their 
profitability. Another interesting result was that there was no clear difference in the importance of 
the barrier “uncertainty regarding the company’s future” between the companies that were profitable 
for all or two of the past three years and those that were profitable for none or one of the past three 
years. This meant that the profitability of the companies did not appear to affect how they perceived 
the importance of “uncertainties regarding the company’s future”. 

Most of the companies either allocated energy costs based on sub-metering or did not allocate 
such costs at all (see Table A7 in the Appendix). There was no clear difference in the importance of 
the barrier “department/workers not accountable for energy costs” between those companies that 
allocated based on sub-metering and those that did not allocate at all. There was a tendency for 
companies that had sub-metering to perceive the driver “allocation of energy costs based on sub-
metering” as more important than the companies that did not allocate energy costs at all. 

4. Discussion 

All companies in the aluminium industry answered the questionnaire, which makes their results 
valid for the entire Swedish aluminium industry. Due to the relatively low response rate for the 
foundries, it is hard to say anything general about all the foundries that cast aluminium. The variation 
in the respondents´ rating for some barriers, drivers, and information sources were small for both the 
aluminium industry and the foundries, and there were some drivers for which all respondents in the 
aluminium industry chose the same rating. This means that these barriers, drivers, and information 
sources are general to the aluminium industry and the foundries. For both the aluminium industry 
and the foundries, there were variations in the rating of many barriers, drivers, and information 
sources. These variations, especially the larger ones, make it hard to draw general conclusions, since 
larger variations indicate a lower consensus between the companies. The larger variations indicate 
that results may be more applicable to individual companies than to the entire population. 

Table 4 and Table 5 show the barriers and drivers that were ranked as often and always 
important (or corresponding Likert-scale options) in our study and previous studies. The barrier 
“technical lifetime of equipment decides when energy efficiency measures are implemented” was 
raised in Batterham [52], but not ranked in importance. Similar to our study, Nagesha and 
Balachandra [55] found that financial and economic barriers were the top obstacle to improved 
energy efficiency in a foundry cluster in India. Those barriers and drivers that were perceived as often 
or always important in both our study and previous studies were thus verified as important for 
industrial companies. 

It can be seen in Table 4 and Table 5 that there were two barriers and three drivers that were 
ranked as often or always important by the foundries in both our study and Rohdin et al. [6]. 
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Additionally, all three barriers that were ranked as often or always important by the foundries in our 
study were also ranked as important by the foundries in Trianni et al. [48]. Furthermore, six drivers 
were ranked as often or always important by the foundries in both our study and Thollander et al. 
[49]. Those barriers and drivers that are similar can be seen as generally important for the foundries. 
The differences could be explained by the fact that the studies were conducted at different points in 
time, and perceptions of barriers and drivers may change over time. However, some differences may 
be explained by the existence of differences between foundries that cast aluminium and foundries 
that cast other metals, or between Swedish and European foundries.  

The barriers and drivers ranked as often or always important in our study, but not in previous 
studies, gained a lower rank in the previous studies. However, none of these barriers or drivers were 
ranked as never important (or the corresponding Likert-scale option) in the previous studies. The 
different rankings for these barriers and drivers, as well as for others, could be due to actual 
differences between the industry sectors, or because the studies were conducted at different points 
in time, and perceptions of barriers and drivers may change over time.  

Table 4. The barriers that were ranked as often or always important (or corresponding Likert-scale 
options) in both our study and previous studies. The barriers are not sorted based on importance. 

Category Aluminium Industry Foundries Previous 
Studies 

Technology Technical risks such as risk of 
production disruption 

Technical risks such as risk of 
production disruption 

[4–7,46–48] 

Technology is inappropriate at this 
site 

Technology is inappropriate at 
this site 

[4,6,7,48] 

Risk of poor performance of 
purchased equipment or after 
changed working routines 

 [4,6,7,48] 

Economics Cost of production disruption Cost of production disruption [4,5,7,47,48] 
Cost of identifying opportunities 

and analysing cost-effectiveness 
 [5–7,47,48] 

Organisation Slim organisation  [4,6,47,48,51] 
Lack of time or other priorities  [4,6,7,46–48] 

Information & 
behaviour 

Lack of technical skills regarding 
energy efficient technology 

 [6,7,47,48] 

Table 5. The drivers that were ranked as often or always important (or corresponding Likert-scale 
options) in both our study and previous studies. The drivers are not sorted based on importance. 

Category Aluminium industry Foundries Previous studies 
Economics Cost reductions due to lower 

energy use 
Cost reductions due to lower 

energy use 
[4,5,13,46,49,51] 

 Threat of rising energy prices [4,5,13,46,49] 
Organisation Full support from top 

management 
Full support from top 

management 
[5,46,49] 

Long-term energy strategy Long-term energy strategy [4–6,46,47,49] 
Demands from owners  [5] 
Environmental company profile  [4–6,47] 
Environmental management 

system 
 [4–6] 

Energy management system  [5] 
Information & 
behaviour 

People with real ambition People with real ambition [4–6,13,46,47,49] 
Access to internal expertise with 

knowledge about the processes 
Access to internal expertise 

with knowledge about the 
processes 

[51] 

Knowledge about daily 
operations 

Knowledge about daily 
operations 

[51] 
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Detailed support from energy 
experts when implementing 
energy efficiency investments 

 [5] 

Network within the sector or 
trade organisation 

 [4] 

Network within the company or 
company group 

 [4,5] 

Government 
& policy 

Energy efficiency requirements 
due to current law (e.g., the 
Swedish Environmental Code) 

 [4,5,46] 

EU ETS  [4] 
 Taxes (energy tax, carbon tax, 

etc.) 
[5,49] 

Market  International competition [4–6,47] 

Respondents in the foundries ranked economic drivers as the most important category of 
drivers. Respondents in the aluminium industry ranked economic drivers as the third most important 
category. They perceived that both organisational, and informational and behavioural drivers were 
more important categories than economic drivers. It is hard to identify the exact reason for this since 
the questionnaire did not include any question about this. However, the companies in the aluminium 
industry have been profitable for all or two of the past three years, while some of the foundries have 
not been profitable at all or for only one of the past three years (see Table A7 in the Appendix). Thus, 
one reason could be that other types of drivers become more important than economic drivers when 
the company is profitable, while economic drivers become more important when the company is not 
profitable. Nevertheless, the aluminium industry´s rank of the economic drivers in third place is an 
interesting result, since both the aluminium industry and the foundries use energy-intensive 
production processes, and most companies are driven by the generation of economic profits. 
Additionally, Haraldsson and Johansson [56] found the economic aspect to be an important driver 
for improved energy efficiency in the supply chains of the aluminium industry. The result might be 
interpreted as meaning that the economic aspect is not sufficient to drive work with improved energy 
efficiency, and that organisational, informational, and behavioural aspects are at least as important 
in the aluminium industry. Additionally, Haraldsson and Johansson [56] found that demands from 
customers and the authorities provided an additional driver for improved energy efficiency in the 
supply chains of the aluminium industry. This supports the statement that reduced costs for energy 
may not be the only driver for improved energy efficiency, and that there may be other drivers that 
are at least as important. 

Access to knowledge within the company about the processes and daily operations, and the 
ability to make use of and spread this knowledge, were raised as important drivers for the aluminium 
industry and to some extent for the foundries. Such knowledge would help to overcome some of the 
barriers perceived as most important by the companies. For example, the aluminium industry ranked 
“complex production processes” among the most important barriers. Complex processes demand 
more knowledge about the processes themselves and their operation in order to avoid negative 
effects on processes and products when making changes. Other barriers that were ranked among the 
most important were “risk of changes affecting production capacity” and “product quality”, 
“technical risks such as risk of production disruption” and “risk of poor performance of purchased 
equipment or after changed working routines”. Knowledge about the processes could help to foresee 
such risks and decide how best to deal with them. Knowledge about the processes and their operation 
is also important for being able to identify potential energy efficiency measures. The companies 
should provide education for their employees to improve their knowledge about the processes and 
their operation, and about energy efficiency measures and energy efficient operation of the processes.  

An important factor for driving the work with energy efficiency is having a culture within the 
company that promotes work with improved energy efficiency. It is important to have one or more 
employees who are passionate about energy efficiency (having real ambition) and who are supported 
by top management and the company owners. A person with real ambition could, for example, 
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influence other employees through his/her work or propose potential energy efficiency measures. It 
would be preferable if the person with real ambition is represented in the top management of the 
company [6]. It is important to have well-functioning relations within the company, which helps in 
utilising the knowledge of employees. Two-way communication between top management and 
production is needed for improving energy efficiency. A long-term energy strategy would provide a 
basis for work with energy efficiency and would be something that employees can relate to in their 
daily work. This is important for being able to drive the work with improved energy efficiency within 
the company and to achieve continuous improvements. The aluminium industry ranked “long-term 
energy strategy” among the most important drivers. A long-term energy strategy is an important 
part of successful energy management [50] and serves as a driver for overcoming strict payback 
criteria [7,49] and other barriers [4]. The government is not allowed to demand the implementation 
of an energy strategy in a company, but such a strategy could be a part of a voluntary agreement 
policy measure [50]. 

The foundries ranked “taxes (energy tax, carbon tax, etc.)” and “cost reductions due to lower 
energy use” among the most important drivers. Taxes are something that policy-makers can affect 
directly, and they have indirect effects on cost reductions from energy efficiency. Increasing taxes 
would increase the cost-effectiveness of energy efficiency measures. 

Networking within the sector is an important factor for driving work with improved energy 
efficiency. This could provide companies with information about potential energy efficiency 
measures as well as inspiration for working with energy efficiency. The trade organisation could play 
an important role by providing an arena for networking between companies. Colleagues within the 
sector and the trade organisation are familiar with the production processes used and the conditions 
within the specific industry. Additionally, targeted information from close range through such 
channels as meetings and networks is the best way to reach out to the companies [13]. 

Colleagues within the sector, the company or company group, and the trade organisation are 
among the most important information sources in both our study and previous studies [6,13]. The 
companies’ perception of the usefulness of the information sources could be affected by several 
factors, for example the type of information needed, the required information quality, the 
accessibility of the information sources, and the company´s willingness to use a specific information 
source. Such factors could be one explanation to the variations in how the companies rated the 
usefulness of the information sources. However, our article did not study the reasons for why they 
perceived a certain information source as useful or not. 

As discussed previously, product information from technology suppliers could be improved 
regarding the energy use/efficiency and performance of equipment. Such improvements could be 
facilitated by a policy demand for the energy labelling of industrial equipment similar to that of 
household appliances. Suppliers should also provide information on how the equipment can be 
operated in an energy efficient manner. 

Energy audits were ranked among the most useful information sources on energy efficiency 
measures by both the aluminium industry and the foundries. Additionally, the aluminium industry 
ranked demands for conducted energy audits as being “often important” as a driver for improved 
energy efficiency. Energy audits provide an overview of a company’s energy use, which processes 
are the largest energy users, as well as providing a list of potential energy efficiency measures that 
could be conducted within the company. There is a law requiring large companies to conduct an 
energy audit at least every fourth year [58]. For small- and medium-sized companies, it is possible 
until 30 April 2019 to apply for economic support when conducting an energy audit, which 
corresponds to 50% of the cost (max 50,000 SEK) [59]. We therefore recommend that the requirement 
on large companies and the subsidy for small- and medium-sized companies are kept as policy 
instruments.  

The EU Emission Trading System (EU ETS) was perceived as often important by the aluminium 
industry. A way to increase the EU ETS as a driver is to reduce the amount emission allowances 
distributed, which will increase the price of the allowances. Another way is to cover more sectors and 
smaller emitters in the EU ETS. 
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Despite the relatively low response rate for the foundries casting aluminium, some of the results 
may be viewed as more general. The reason is that some barriers, drivers, and information sources 
received a similar rating in our study as in previous research on foundries. 

5. Conclusions 

The aim of this article was to study the importance of different barriers to and drivers for the 
implementation of cost-effective energy efficiency measures in the Swedish aluminium industry and 
Swedish foundries that cast aluminium alloys. Additionally, the perceived usefulness of different 
information sources on energy efficiency measures was studied. There is an energy efficiency gap, in 
both the aluminium industry and the foundries, which makes it worthwhile to study the barriers to 
and drivers for improved energy efficiency as well as information sources on energy efficiency. 
Energy issues have generally increased in priority in both the aluminium industry and the foundries 
during the period 2010–2015 onwards.  

Technological and economic barriers were ranked as the two most important categories of 
barriers by both the aluminium industry and the foundries. Among the most important barriers are, 
for example, risk of production disruption and the associated cost, risk of changes affecting 
production capacity and product quality, and risk of poor performance of purchased equipment or 
after changed working routines.  

The aluminium industry ranked organisational drivers as the most important category of 
drivers, including full support from top management, having a long-term energy strategy and 
demands from owners. The foundries ranked economic drivers as the most important category of 
drivers, including cost reductions due to lower energy use, reduced power charge/avoiding 
exceeding power peaks, and an improved work environment. Moreover, access to knowledge within 
the company about the processes and daily operations, along with the ability to make use of and 
spread this knowledge, were considered important drivers. Therefore, it is recommended that the 
companies provide education for their employees to improve their knowledge about the processes 
and their operation, and energy efficiency measures. Another factor is having a culture within the 
company that promotes the work with improved energy efficiency, including one or more employees 
with real ambition, support from top management and the owners of the company, well-functioning 
relations within the company, and a long-term energy strategy. Networking within the sector is 
another relevant factor, and the trade organisation could play an important role by providing an 
arena for networking between companies.  

Colleagues within the sector, colleagues within the company or company group, and the trade 
organisation were shown to be the most useful information sources. More research regarding which 
information sources on energy efficiency measures are perceived as most useful by industrial 
companies is needed since this is a relatively unexplored area in previous research. Future research 
could study both the perceived usefulness of different information sources in more sectors and the 
underlying reasons for why certain information sources are perceived as useful or not. This could 
provide a basis for giving recommendations on how to best formulate and distribute information on 
energy efficiency measures. 

The policy implications identified in the article include the introduction of an energy labelling 
system for production equipment, and keeping the requirement on large companies and the subsidy 
for small- and medium-sized companies regarding energy audits. Other policy implications are 
voluntary agreements that commit the companies to implementing long-term energy strategies and 
increased taxes to improve the cost-effectiveness of energy efficiency measures. Additionally, fewer 
emission allowances and coverage of more sectors and smaller emitters in the EU ETS were also 
identified as a policy implication. 

The results given in this article are relevant to policy-makers due to the policy implications we 
proposed in the previous paragraph. Moreover, the companies studied will benefit from the results 
since they could help the companies to improve their work with energy efficiency. Furthermore, the 
results contribute to the research community as they provide a basis for comparison with similar 
studies conducted in other industrial sectors, countries, or regions and contribute to the knowledge 
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on the existing energy efficiency gap in industry. As stated in the introduction, sector- and region-
specific studies on barriers, drivers, and information sources are needed because there are differences 
between sectors and regions. Therefore, our study contributes to the scientific literature since the 
Swedish aluminium industry has not been studied before. 
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Appendix 

Table A1 and Table A2 show the ratings for the barriers for the aluminium industry and the 
foundries, respectively. The tables show each respondent’s rating and the mean rating. The barriers 
within each category are ranked in descending order based on the mean rating. For barriers with the 
same mean rating, the ranking is based on the size of the variations in the respondents’ ratings 
(smaller variations are ranked higher since they indicate a more unanimous view on the importance 
of the barrier). One respondent did not want to answer the questionnaire. However, this respondent 
stated that uncertainties about the company’s future, based on profitability reasons, and lack of 
budget funding for energy efficiency inhibited their work with energy efficiency. 

Table A1. The aluminium industry’s rating of the barriers. The table shows each respondent’s rating 
and the mean rating. The barriers are evaluated based on a Likert scale ranging from “Never 
important” (1) to “Always important” (5). The barriers within each category are ranked in descending 
order based on the mean rating. For barriers with the same mean rating, the ranking is based on the 
size of the variations in the respondents’ ratings (smaller variations are ranked higher since they 
indicate a more unanimous view on the importance of the barrier). 

  Respondent  
Category Barrier 1 2 3 4 5 Mean 
Technology Risk of changes affecting production capacity 5 4 5 5 5 4.8 

Complex production processes 4 4 5 4 5 4.4 
 Technical risks such as risk of production disruption 5 3 4 5 5 4.4 
 Risk of poor performance of purchased equipment or after 

changed working routines 
4 4 4 4 5 4.2 

 Technology is inappropriate at this site 3 5 4 3 5 4 
 Lack of sub-metering on machine or division level 4 4 4 3 4 3.8 
 Risk of changes affecting product quality 2 2 5 5 5 3.8 
 Technical lifetime of equipment decides when energy 

efficiency measures are implemented 
5 2 3 3 3 3.2 

Economics Cost of production disruption 5 4 5 4 5 4.6 
Cost of identifying opportunities and analysing cost-

effectiveness 
3 5 4 4 4 4 
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 Lack of budget funding for energy management 4 5 4 3 4 4 
 Other priorities for capital investments 4 4 4 3 4 3.8 
 The benefits of energy efficiency are not expected to outweigh 

the costs 
3 4 4 3 5 3.8 

 Uncertainties regarding future energy prices and economic 
policies 

3 5 4 3 4 3.8 

 Lack of access to capital 2 4 4 4 5 3.8 
 Lack of budget funding for energy efficiency 3 4 4 3 4 3.6 
 Uncertainties regarding hidden or indirect costs 3 3 4 5 3 3.6 
 Cost of staff replacement, retirement, and retraining 2 3 4 4 5 3.6 
Organisation Slim organisation 4 5 3 4 4 4 

Lack of time or other priorities 5 3 3 5 4 4 
 Non-energy related work tasks have higher priority 4 4 3 4 4 3.8 
 Top management not prioritising energy issues 3 3 4 5 4 3.8 
 Energy manager lacks influence 4 2 4 5 4 3.8 
 Long decision chain 2 5 2 5 4 3.6 
 Energy efficiency not part of core activities 4 3 3 3 4 3.4 
 Difficulties in collaborating between divisions 3 4 2 4 4 3.4 
 Energy objectives not integrated into operating, maintenance, 

or purchasing procedures 
3 2 4 4 4 3.4 

 Department/workers not accountable for energy costs 2 3 4 4 4 3.4 
 Conflicts of interest within the company 3 3 3 3 4 3.2 
 No opportunities for improved energy management 2 3 3 3 4 3 
 Uncertainty regarding the company´s future 1 3 2 3 4 2.6 
Information 
& behaviour 

Lack of technical skills regarding energy efficient technology 4 2 4 5 5 4 
Lack of internal expertise 4 4 3 4 4 3.8 

 Lack of external expertise 4 4 3 4 4 3.8 
 Lack of knowledge about daily operations 3 4 3 4 5 3.8 
 Lack of staff awareness regarding energy issues 5 4 3 3 4 3.8 
 Poor information quality regarding energy efficiency 

opportunities 
3 2 3 4 4 3.2 

 Staff reluctant to changes they have no experience of 4 2 3 3 4 3.2 
 Difficult to obtain information on the energy use of purchased 

equipment  
3 1 4 4 3 3 

Table A2. The foundries’ rating of the barriers. The table shows each respondent’s rating and the 
mean rating. The barriers are evaluated based on a Likert scale ranging from “Never important” (1) 
to “Always important” (5). The barriers within each category are ranked in descending order based 
on the mean rating. For barriers with the same mean rating, the ranking is based on the size of the 
variations in the respondents’ ratings (smaller variations are ranked higher since they indicate a more 
unanimous view on the importance of the barrier). 

  Respondent  
Category Barrier 6 7 8 9 10 11 12 13 14 15 16 17 Mean 
Technology Risk of changes 

affecting product 
quality 

5 2 5 5 5 4 5 5 5 5 5 5 4.67 

Risk of changes 
affecting production 
capacity 

5 2 4 5 5 4 5 5 5 5 5 5 4.58 

 Technical risks such as 
risk of production 
disruption 

5 2 5 5 5 4 4 4 5 5 5 4 4.42 
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 Technology is 
inappropriate at this 
site 

5 5 3 3 4 4 4 5 4 5 5 3 4.17 

 Technical lifetime of 
equipment decides 
when energy 
efficiency measures 
are implemented 

5 4 4 5 4 5 2 3 4 4 4 4 4 

 Risk of poor 
performance of 
purchased 
equipment or after 
changed working 
routines 

5 4 3 4 4 4 3 3 4 4 5 4 3.92 

 Lack of sub-metering 
on machine or 
division level 

5 2 3 5 4 4 2 3 4 3 3 3 3.42 

 Complex production 
processes 

5 4 3 1 4 4 3 4 1 5 4 3 3.42 

Economics Cost of production 
disruption 

5 5 4 3 5 5 4 5 5 4 4 4 4.42 

Uncertainties regarding 
future energy prices 
and economic 
policies 

5 5 3 4 4 4 3 5 5 3 3 5 4.08 

 Other priorities for 
capital investments 

5 5 3 3 3 4 5 4 4 3 5 3 3.92 

 Cost of identifying 
opportunities and 
analysing cost-
effectiveness 

5 4 3 4 3 5 4 5 4 3 3 4 3.92 

 The benefits of energy 
efficiency are not 
expected to 
outweigh the costs 

5 4 3 3 4 4 3 5 3 4 5 3 3.83 

 Lack of access to capital 5 5 3 4 2 4 4 4 3 5 3 4 3.83 
 Cost of staff 

replacement, 
retirement, and 
retraining 

5 5 3 3 3 5 2 5 3 3 3 4 3.67 

 Uncertainties regarding 
hidden or indirect 
costs 

5 4 2 5 3 4 3 5 3 3 3 3 3.58 

 Lack of budget funding 
for energy efficiency 

5 4 2 3 3 4 5 3 4 3 4 2 3.5 

 Lack of budget funding 
for energy 
management 

5 4 2 3 3 4 5 3 3 3 4 2 3.42 

Organisation Non-energy-related 
work tasks have 
higher priority 

5 5 3 3 3 3 5 5 4 3 4 3 3.83 

Lack of time or other 
priorities 

5 4 2 2 3 4 5 5 3 4 3 5 3.75 

 Slim organisation 5 5 2 2 2 5 3 5 4 3 3 4 3.58 
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 Energy efficiency not 
part of core activities 

5 3 3 4 3 3 4 5 3 2 3 4 3.5 

 No opportunities for 
improved energy 
management 

5 3 2 4 2 4 3 5 1 3 3 3 3.17 

 Energy objectives not 
integrated into 
operating, 
maintenance, or 
purchasing 
procedures 

5 4 3 2 3 4 2 5 1 3 3 3 3.17 

 Energy manager lacks 
influence 

5 3 2 5 2 4 3 4 1 3 3 2 3.08 

 Uncertainty regarding 
the company´s 
future 

5 3 3 3 2 4 3 2 1 2 4 4 3 

 Department/workers 
not accountable for 
energy costs 

5 3 2 5 2 3 2 4 1 2 4 2 2.92 

 Top management not 
prioritising energy 
issues 

5 3 2 2 2 4 4 4 1 3 1 3 2.83 

 Difficulties in 
collaborating 
between divisions 

5 3 2 2 2 4 3 2 1 2 1 2 2.42 

 Long decision chain 5 3 2 2 2 3 3 2 1 2 2 1 2.33 
 Conflicts of interest 

within the company 
5 3 2 3 2 3 3 2 1 1 1 1 2.25 

Information & 
behaviour 

Lack of internal 
expertise 

5 3 3 3 3 3 4 5 4 3 3 4 3.58 

Lack of staff awareness 
regarding energy 
issues 

5 3 3 5 3 2 4 5 4 2 3 4 3.58 

 Poor information 
quality regarding 
energy efficiency 
opportunities 

5 3 2 4 3 4 4 5 3 3 3 3 3.5 

 Lack of technical skills 
regarding energy 
efficient technology 

5 3 3 3 3 3 4 5 4 3 2 4 3.5 

 Difficult to obtain 
information on the 
energy use of 
purchased 
equipment  

5 3 2 5 3 4 4 2 3 3 3 4 3.42 

 Lack of external 
expertise 

5 3 2 4 3 3 4 5 2 2 4 4 3.42 

 Staff reluctant to 
changes they have 
no experience of 

5 3 3 5 3 4 3 4 3 1 3 4 3.42 

 Lack of knowledge 
about daily 
operations 

5 3 3 4 3 2 2 3 2 3 3 3 3 
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Table A3 and Table A4 show the rating of the drivers for the aluminium industry and the 
foundries, respectively. The tables show each respondent’s rating and the mean rating. The drivers 
within each category are ranked in descending order based on the mean rating. For drivers with the 
same mean rating, the ranking is based on the size of the variations in the respondents’ ratings 
(smaller variations are ranked higher since they indicate a more unanimous view on the importance 
of the driver). 

Table A3. The aluminium industry’s rating of the drivers. The table shows each respondent’s rating 
and the mean rating. The drivers are evaluated based on a Likert scale ranging from “Never 
important” (1) to “Always important” (5). The drivers within each category are ranked in descending 
order based on the mean rating. For drivers with the same mean rating, the ranking is based on the 
size of the variations in the respondents’ ratings (smaller variations are ranked higher since they 
indicate a more unanimous view on the importance of the driver). 

  Respondent  
Category Driver 1 2 3 4 5 Mean 
Economics Cost reductions due to lower energy use 4 5 4 5 5 4.6 

Improved work environment 5 4 4 4 5 4.4 
 Access to capital/budget funding for energy efficiency 3 5 4 4 5 4.2 
 Reduced power charge/avoid exceeding power peaks 3 5 4 4 5 4.2 
 Reduced waste 3 4 4 4 5 4 
 Reduced maintenance 4 4 4 3 5 4 
 Threat of rising energy prices 4 4 4 2 5 3.8 
 Investment subsidies for energy efficient technologies 2 3 3 4 4 3.2 
 Incentive agreement/Third-party financing/Energy 

performance contracting 
2 2 4 3 2 2.6 

 Beneficial loans for energy efficiency investments 2 2 3 2 3 2.4 
Organisation Full support from top management 5 5 5 5 5 5 

Long-term energy strategy 5 5 5 4 5 4.8 
 Demands from owners 5 5 4 5 5 4.8 
 Well-functioning relations within organisation 5 5 5 4 5 4.8 
 Environmental company profile 5 3 4 4 5 4.2 
 Allocation of energy costs based on sub-metering 4 4 5 4 4 4.2 
 Environmental management system 5 4 5 2 5 4.2 
 Energy management system 3 5 5 2 5 4 
 Quality or other management systems 5 3 5 2 5 4 
Information & 
behaviour 

People with real ambition 5 5 5 5 5 5 
Ability to make use of and spread individuals´ knowledge 

about support and production processes 
5 5 4 5 5 4.8 

 Access to internal expertise with knowledge about the 
processes 

4 5 5 5 5 4.8 

 Knowledge about daily operations 5 5 5 4 5 4.8 
 Detailed support from energy experts when implementing 

energy efficiency investments 
4 5 4 4 4 4.2 

 Internal education 4 4 4 4 5 4.2 
 Network outside company or company group 4 4 4 4 4 4 
 Network within the sector or trade organisation 4 4 4 4 4 4 
 Network within the company or company group 3 4 4 5 4 4 
 Access to external expertise with knowledge about the 

processes 
2 4 4 5 5 4 

 Information and support through trade organisation 3 4 4 4 4 3.8 
 General energy advice through seminars 3 5 4 4 3 3.8 
 General energy advice through journal/brochure 3 5 4 3 3 3.6 
 Local authority energy consultancy 1 3 4 2 3 2.6 
Market International competition 3 5 3 3 5 3.8 
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 Demands and questions from customers 5 4 3 3 4 3.8 
 Pressure from different environmental NGOs 3 3 3 3 3 3 
 ESCOs responsible for operation and maintenance of 

buildings 
2 2 3 3 3 2.6 

Government & 
policy 

Energy efficiency requirements due to current law (e.g., the 
Swedish Environmental Code)  

5 4 4 4 5 4.4 

EU ETS  5 4 4 3 5 4.2 
 Demands for a conducted energy audit with proposed 

energy efficiency measures 
5 3 4 4 5 4.2 

 The municipality´s energy plan/energy strategy 3 4 3 4 4 3.6 
 Electricity Certificate Systems 3 3 4 3 5 3.6 
 Demands for efficiency from the Swedish county 

administrative boards 
4 2 4 3 5 3.6 

 Taxes (energy tax, carbon tax, etc.) 4 1 4 4 5 3.6 
 Publicly financed energy audits by energy consultant or 

sector organisation 
3 3 3 4 4 3.4 

 Annual environmental report to the Swedish county 
administrative boards, including an energy plan and 
proposed efficiency measures 

4 2 4 3 4 3.4 

 Voluntary long-term agreements with tax exemption (PFE) 3 2 4 3 5 3.4 
 Public sector as role model 1 2 3 3 3 2.4 

Table A4. The foundries’ rating of the drivers. The table shows each respondent’s rating and the mean 
rating. The drivers are evaluated based on a Likert scale ranging from “Never important” (1) to 
“Always important” (5). The drivers within each category are ranked in descending order based on 
the mean rating. For drivers with the same mean rating, the ranking is based on the size of the 
variations in the respondents’ ratings (smaller variations are ranked higher since they indicate a more 
unanimous view on the importance of the driver). 

  Respondent  
Category Driver 6 7 8 9 10 11 12 13 14 15 16 17 Mean 
Economics Cost reductions due to 

lower energy use 
5 5 5 4 4 4 5 5 5 4 5 5 4.67 

Reduced power 
charge/avoid 
exceeding power 
peaks 

5 5 5 5 4 4 4 5 5 2 4 5 4.42 

 Improved work 
environment 

5 4 4 5 4 4 3 4 4 5 5 5 4.33 

 Reduced waste 5 4 5 5 4 4 2 5 5 3 5 5 4.33 
 Reduced maintenance 5 5 4 5 4 4 2 5 4 3 5 5 4.25 
 Threat of rising energy 

prices 
5 5 4 4 4 4 3 5 4 3 4 5 4.17 

 Access to 
capital/budget 
funding for energy 
efficiency 

5 4 3 3 4 4 5 5 3 3 4 5 4 

 Investment subsidies 
for energy efficient 
technologies 

5 5 2 2 4 4 4 5 4 2 3 4 3.67 

 Incentive 
agreement/Third-
party 
financing/Energy 

5 3 1 3 4 4 3 5 3 3 4 3 3.42 
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performance 
contracting 

 Beneficial loans for 
energy efficiency 
investments 

5 5 1 2 3 4 4 5 4 2 2 4 3.42 

Organisation Full support from top 
management 

5 4 4 5 4 4 5 5 2 4 5 3 4.17 

Quality or other 
management 
systems 

5 3 4 5 4 4 5 3 4 4 5 3 4.08 

 Long-term energy 
strategy 

5 4 4 5 4 4 2 4 5 3 5 3 4 

 Environmental 
management 
system 

5 4 4 5 4 4 3 3 4 3 5 3 3.92 

 Environmental 
company profile 

5 5 4 5 4 4 2 4 3 3 5 3 3.92 

 Well-functioning 
relations within 
organisation 

5 5 4 5 4 3 4 5 3 2 4 3 3.92 

 Energy management 
system 

5 3 4 5 4 4 2 4 4 3 5 3 3.83 

 Allocation of energy 
costs based on sub-
metering 

5 4 4 5 4 4 2 4 3 2 3 3 3.58 

 Demands from owners 5 2 4 5 4 4 2 4 2 3 4 3 3.5 
Information & 
behaviour 

Access to internal 
expertise with 
knowledge about 
the processes 

5 5 5 5 4 5 4 5 4 4 4 3 4.42 

Knowledge about 
daily operations 

5 5 4 5 4 4 4 5 4 4 4 3 4.25 

 Ability to make use of 
and spread 
individuals´ 
knowledge about 
support and 
production 
processes 

5 5 3 5 4 5 4 5 4 3 5 3 4.25 

 People with real 
ambition 

5 5 4 5 4 5 3 5 3 4 5 3 4.25 

 Internal education 5 5 3 5 4 4 3 4 5 4 4 3 4.08 
 Access to external 

expertise with 
knowledge about 
the processes 

1 5 2 5 4 4 2 5 5 4 5 3 3.75 

 Detailed support from 
energy experts 
when implementing 
energy efficiency 
investments 

1 5 4 4 3 3 3 5 4 4 5 2 3.58 

 Information and 
support through 
trade organisation 

1 3 4 4 4 3 3 5 4 2 5 2 3.33 
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 Network outside 
company or 
company group 

5 3 3 4 3 3 2 5 2 2 4 3 3.25 

 Network within the 
company or 
company group 

5 4 3 3 3 3 2 3 2 2 4 1 2.92 

 Network within the 
sector or trade 
organisation 

1 3 3 4 3 3 2 4 2 2 5 2 2.83 

 General energy advice 
through seminars 

1 4 2 4 3 3 2 3 3 2 4 1 2.67 

 Local authority energy 
consultancy 

1 4 2 4 3 3 2 1 3 2 4 2 2.58 

 General energy advice 
through 
journal/brochure 

1 3 2 2 3 3 2 3 3 2 4 1 2.42 

Market International 
competition 

5 5 3 4 3 5 4 5 4 2 5 4 4.08 

Demands and 
questions from 
customers 

5 2 4 4 4 5 5 2 3 2 5 5 3.83 

 Pressure from different 
environmental 
NGOs 

1 3 3 2 4 3 2 2 4 2 5 4 2.92 

 ESCOs responsible for 
operation and 
maintenance of 
buildings 

1 3 3 2 4 2 2 2 4 1 1 2 2.25 

Government 
& policy 

Taxes (energy tax, 
carbon tax, etc.) 

5 5 5 4 4 4 5 5 5 2 4 5 4.42 

Energy efficiency 
requirements due to 
current law (e.g. the 
Swedish 
Environmental 
Code)  

5 5 5 5 4 3 2 3 3 3 4 5 3.92 

 Voluntary long-term 
agreements with tax 
exemption (PFE) 

5 5 3 2 4 4 4 4 3 2 3 5 3.67 

 Publicly financed 
energy audits by 
energy consultant 
or sector 
organisation 

2 5 4 2 4 3 4 4 4 3 3 3 3.42 

 Electricity Certificate 
Systems 

5 1 3 2 4 4 2 3 4 2 4 5 3.25 

 Demands for a 
conducted energy 
audit with proposed 
energy efficiency 
measures 

2 4 5 3 4 3 2 3 3 2 4 3 3.17 

 Annual environmental 
report to the 
Swedish county 

2 3 3 3 4 3 2 3 3 3 5 3 3.08 
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administrative 
boards, including 
an energy plan and 
proposed efficiency 
measures 

 Demands for efficiency 
from the Swedish 
county 
administrative 
boards 

2 3 3 2 4 3 2 4 4 3 3 3 3 

 EU ETS  5 1 3 2 4 3 2 3 3 1 4 4 2.92 
 The municipality´s 

energy plan/energy 
strategy 

2 4 3 2 3 3 2 3 3 2 3 3 2.75 

 Public sector as role 
model 

1 4 3 1 2 3 2 1 2 2 1 3 2.08 

Table A5 and Table A6 show the rating of the usefulness of the information sources on energy 
efficiency measures for the aluminium industry and the foundries, respectively. The tables show each 
respondent’s rating and the mean rating. The information sources are ranked in descending order 
based on the mean rating. For information sources with the same mean rating, the ranking is based 
on the size of the variations in the respondents’ ratings (smaller variations are ranked higher since 
they indicate a more unanimous view on the importance of the information source). 

Table A5. The aluminium industry’s rating of the usefulness of information sources on energy 
efficiency measures. The table shows each respondent’s rating and the mean rating. The usefulness is 
evaluated based on a Likert scale ranging from “Do not use” (1) to “Excellent” (5). The information 
sources are ranked in descending order based on the mean rating. For information sources with the 
same mean rating, the ranking is based on the size of the variations in the respondents’ ratings 
(smaller variations are ranked higher since they indicate a more unanimous view on the importance 
of the information source). 

 Respondent  
Information source 1 2 3 4 5 Mean 
Trade organisation 4 5 4 4 5 4.4 
Colleagues within sector 4 3 3 4 5 3.8 
Conferences and seminars 3 4 4 5 3 3.8 
The Swedish Energy Agency 3 4 4 3 4 3.6 
Energy audits 5 2 4 3 4 3.6 
Written information sources (e.g., journals) 4 3 4 2 3 3.2 
Colleagues within company or company group 5 2 2 3 4 3.2 
Product information from suppliers 1 3 4 2 4 2.8 
Consultants (performing energy audits) 4 2 1 4 3 2.8 
Information from energy companies 3 1 3 2 4 2.6 
The Swedish county administrative boards 2 1 4 2 3 2.4 
Municipality 2 1 3 2 2 2 

Table A6. The foundries’ rating of the usefulness of information sources on energy efficiency 
measures. The table shows each respondent’s rating and the mean rating. The usefulness is evaluated 
based on a Likert scale ranging from “Do not use” (1) to “Excellent” (5). The two partial answers did 
not include answers to this question. The information sources are ranked in descending order based 
on the mean rating. For information sources with the same mean rating, the ranking is based on the 
size of the variations in the respondents’ ratings (smaller variations are ranked higher since they 
indicate a more unanimous view on the importance of the information source). 

 Respondent  
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Information source 6 7 8 9 10 11 12 13 14 15 Mean 
Colleagues within sector 5 3 3 4 3 4 4 2 4 5 3.7 
Colleagues within company or company group 5 2 4 3 3 3 4 2 4 5 3.5 
Energy audits 3 2 4 5 3 3 4 3 3 4 3.4 
Consultants (performing energy audits) 1 2 4 4 3 3 4 3 3 5 3.2 
Trade organisation 5 3 3 3 3 1 4 2 2 5 3.1 
Product information from suppliers 5 1 4 2 3 4 3 2 4 2 3 
Information from energy companies 5 1 2 2 3 4 3 2 3 3 2.8 
The Swedish Energy Agency 4 1 3 3 3 1 2 2 3 4 2.6 
The Swedish county administrative boards 3 1 3 2 3 2 2 2 4 3 2.5 
Municipality 3 1 3 2 3 2 2 2 4 2 2.4 
Written information sources (e.g., journals) 1 1 3 2 3 3 2 2 4 3 2.4 
Conferences and seminars 1 3 2 2 3 2 2 2 3 2 2.2 

Table A7 shows some information about the companies. The number of employees in the 
aluminium industry companies ranges from 104 to 1100, with all except one having more than 400 
employees. The number of employees for the foundries ranges from 15 to 224, with 60% having fewer 
than 45 employees and 40% having 100 employees or more. The approximate annual turnover for the 
companies in the aluminium industry ranges from 1200 to 4000 MSEK and from 16 to 597 MSEK for 
the foundries, of which all except one is below 200 MSEK/year. 

Table A7. Information about the companies. The two partial answers did not include answers to these 
questions. 

 Has the Company 
Been Profitable the 
Past Three Years? 

Payback Criteria 
for Energy 
Efficiency 
Measures 

Has the Company a 
Written Long-term 
Energy Strategy? 

How Are Energy 
Costs Allocated 
Among divisions? 

Aluminium 
industry 

    

Respondent 1 All 3 years <3 years Yes Sub-metering 
Respondent 2 2 of 3 years <3 years No Sub-metering 
Respondent 3 All 3 years Other 1 Yes Sub-metering 
Respondent 4 All 3 years <3 years No Sub-metering 
Respondent 5 All 3 years <2 years Yes Sub-metering 
Foundries     
Respondent 6 All 3 years <2 years Yes Sub-metering 
Respondent 7 None of the years Missing Yes Sub-metering 
Respondent 8 1 of 3 years Missing Yes Sub-metering 
Respondent 9 All 3 years <3 years Yes Other 2 

Respondent 10 All 3 years Missing No Not allocated 
Respondent 11 All 3 years <1 year No Sub-metering 
Respondent 12 None of the years Missing No Not allocated 
Respondent 13 2 of 3 years Missing No Not allocated 
Respondent 14 1 of 3 years Missing No Sub-metering 
Respondent 15 All 3 years >3 years No Not allocated 

1 The respondent stated that it depends on the investment. 
2 Based on the number of working hours. 
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