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Abstract 
From an environmental point of view, reduced use of energy remains a cornerstone in global greenhouse gas 
mitigation. From a company point of view, greenhouse gas mitigation as such, may not yet, without full 
internalization of external costs, be the top priority among business leaders. Rather, it is the magnitude of 
production costs and the size of market revenue that articulates success or failure for business leaders. However, 
even for companies with low energy costs, reduced energy use or improved energy efficiency, can have a vast 
impact on profitability, as the reduced energy costs directly leads to increased profits. Naturally, this holds even 
more so for energy-intensive companies with high shares of energy costs and those companies have also often 
worked more extensively with improved energy efficiency. In this paper, a review of more than 10 years of 
empirical research in the field of industrial energy management is presented, followed by a short overview of 
important energy management tools. Results show that even for energy-intensive companies, energy management 
for most companies still has a large potential, calling for business leaders to take action, and for future policies to 
be designed to close this energy management gap. 
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1 Introduction 
Reduced energy use and improved energy efficiency 
are important actions towards a low-carbon economy. 
Approximately 80 % of total global primary energy 
supply emanates from fossil fuels and industry 
accounts for 33 % of total final use of fossil fuels [1]. 
Improved energy efficiency in industry is vital both 
from an environmental point of view, but also from a 
company point of view since increased energy prices 
and costs for emitting greenhouse gases affect the 
companies’ competitiveness on the market. Even for 
companies with low energy costs, reduced energy use 
or improved energy efficiency, can have a vast impact 
on profitability, as the reduced energy costs directly 
leads to increased profits. However, companies often 
fail to implement energy efficiency measures despite 
of a positive rate of return. This is referred to as the 
energy efficiency gap [2-4]. Why companies reject 
implementing profitable measures for improved 
energy efficiency have been subject for research and 

this paper reviews over ten years of empirical research 
in the field of industrial energy management. The 
paper will also present an overview of important 
energy management tools to achieve improved energy 
efficiency. 
 
2 Barriers to and driving forces for improved 
energy efficiency 
There are four principal means of achieving reduced 
energy costs on the demand side: (1) energy-efficient 
technologies; (2) load management; (3) change of 
energy carrier; and (4) energy-efficient behavior 
(energy conservation) [5]. Barriers to the adoption of 
cost-effective energy-efficiency measures in industry 
can be categorized into economic (which could further 
be divided into market failure and non-market failure), 
behavioral and organizational [6, 7]. Table 1 presents 
an overview of various barriers to energy efficiency in 
various countries. 
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Table 1 Barriers to improved energy efficiency in industry identified in earlier empirical studies. The barriers 
presented in the table were ranked as one of three most important barriers in these studies. 

Barrier Sector Reference 
Technology is inappropriate at this 

site 
Iron and steel (Japan, USA, Australia, South Korea, 
China, India and Canada); Pulp and paper (Sweden) 

[8, 9] 

Energy costs are not sufficiently 
important 

Chemical, basic metals, metal products, 
horticulture, food and paper (Netherlands) 

[10] 

Lack of time or other priorities Non-energy-intensive manufacturing (Sweden); 
Manufacturing SMEs (Sweden); Foundry (Finland, 

France, Germany, Italy, Poland, Spain, Sweden) 

[11-13] 

Energy manager lacks influence Steel (Korea) [14] 
Poor information for the energy 

efficiency decision 
Non-energy-intensive manufacturing SMEs 

(Northern Italy) 
[15] 

Technical feasibility was not studied 
before 

Ceramic, cement and lime (Belgium) [16] 

Difficulty of obtaining information 
on the energy use of purchased 

equipment 

Non-energy-intensive manufacturing (Sweden) [11] 

Information issues on energy 
contracts 

Manufacturing SMEs (Northern Italy); Primary 
metal manufacturing SMEs (Northern Italy) 

[17, 18] 

Poor information regarding energy 
efficiency opportunities 

Non-energy-intensive manufacturing SMEs 
(Northern Italy) 

[15] 

Lack of budget funding Steel and aluminum, food processing, plastic 
products, petrochemicals and chemicals, cement, 

textile and paper (Ghana); Foundry (Sweden); 
Foundry (Finland, France, Germany, Italy, Poland, 

Spain, Sweden); Steel (Korea) 

[13, 14, 19, 
20] 

Lack of access to capital Steel and aluminum, food processing, plastic 
products, petrochemicals and chemicals, cement, 

textile and paper (Ghana); Foundry (Sweden); 
Manufacturing SMEs (Sweden); Non-energy-

intensive manufacturing SMEs (Northern Italy);  
Metals, machinery, food/drink, chemicals, paper 

and textiles (Greece) 

[12, 15, 19-
21] 

Investment costs Manufacturing SMEs (Northern Italy); SMEs 
(Germany) 

[17, 22] 

High perceived costs of energy-
saving measures 

Metals, machinery, food/drink, chemicals, paper 
and textiles (Greece) 

[21] 

Measure not profitable SMEs (Germany) [22] 
Cost of production 

disruption/hassle/inconvenience 
Non-energy-intensive manufacturing (Sweden); 

Pulp and paper (Sweden) 
[9, 11] 

Technical risk such as risk of 
production disruption 

Foundry (Sweden); Pulp and paper (Sweden); Steel 
(Korea); Iron and steel (Sweden) 

[9, 14, 20, 
23] 

Hidden costs Manufacturing SMEs (Northern Italy); Primary 
metal manufacturing SMEs (Northern Italy); 

Ceramic, cement and lime (Belgium) 

[16-18] 

Other priorities for capital 
investments 

Steel and aluminum, food processing, plastic 
products, petrochemicals and chemicals, cement, 
textile and paper (Ghana); Iron and steel (Japan, 
USA, Australia, South Korea, China, India and 

Canada); Chemical, basic metals, metal products, 
horticulture, food and paper (Netherlands); Foundry 

[8, 10, 13, 
16, 19, 20, 

22, 23] 



(Sweden); Foundry (Finland, France, Germany, 
Italy, Poland, Spain, Sweden); SMEs (Germany); 

Iron and steel (Sweden); Ceramic, cement and lime 
(Belgium) 

Lack of interest in energy efficiency 
interventions 

Primary metal manufacturing SMEs (Northern 
Italy) 

[18] 

Bureaucratic procedures to get 
governmental financial support 

Metals, machinery, food/drink, chemicals, paper 
and textiles (Greece) 

[21] 

Inadequate national policies such as 
inefficient national standards and 

regulations 

Iron and steel (Japan, USA, Australia, South Korea, 
China, India and Canada) 

[8] 

As can be seen in Table 1, the barrier ‘Other priorities 
for capital investments’ was considered very important 
in most of the studies. In addition to the empirical 
studies presented in Table 1, there is research which 
has investigated barriers to improved energy 
efficiency without ranking the barriers. As an example, 
informational barriers were considered the core 
bottleneck inhibiting improved energy efficiency in 
SMEs in China [24]. Other important barriers found in 
the study were access to capital, organizational 
structure, the ownership structures, governmental 
regulations and support, and skilled 
labor. Another study showed that barriers to improved 
energy efficiency in Swedish iron and steel industry 
were e.g. lack of time, lack of personnel, 
information not clear by the technology supplier, risk 
of production disruption, other priorities for capital 
investments, lack of people with higher education in 
the energy field, and lack of awareness  of the potential 
of engaging employees [25]. A characterization of 
energy efficiency-measures could  
help understanding the barriers preventing their 
adoption. Trianni, Cagno [26] have developed a 

framework for characterization of energy efficiency-
measures. Barriers to specific energy efficiency 
measures in manufacturing SMEs in Italy have been 
studied in a recent publication [26].  
 
In order to improve energy efficiency, it is crucial to 
reveal and understand factors inhibiting this process, 
but also factors promoting improvements. Blass et al. 
[27] studied energy management in SMEs in the US. 
They found that involving top operational managers 
increases the adoption of recommended energy-
efficiency measures, while involving top managers 
without operational position have little or no effect. 
The strongest correlation could be seen for energy-
efficiency recommendations that require process or 
equipment change because in this case a deeper 
understanding of operations is needed. In line with 
this, Johansson [25] found that a driving force for 
improved energy efficiency in the Swedish iron and 
steel industry was that the energy manager has 
knowledge and experience of production processes. 
Table 2 summarizes driving forces for improved 
energy efficiency found in previous research. 

 
Table 2 Driving forces for improved energy efficiency in industry identified in earlier empirical studies. The 

driving forces presented in the table were ranked as one of three most important driving forces in these studies. 
Driving force Sector Reference 

Long-term energy 
strategy 

Non-energy intensive manufacturing (Sweden); Foundry (Sweden); 
Manufacturing SMEs (Sweden); Pulp and paper (Sweden); Iron and 
steel (Sweden) 

[9, 11, 12, 
20, 23] 

Commitment from 
top management  

Foundry (Finland, France, Germany, Italy, Poland, Spain, Sweden); 
Iron and steel (Sweden); Ceramic, cement, lime (Belgium) 

[16, 23, 28]  

Environmental 
company profile 

Foundry (Sweden); Manufacturing SMEs (Sweden); Manufacturing 
industry (Denmark); Ceramic, cement, lime (Belgium) 

[12, 16, 20, 
29] 

Improving working 
conditions 

Textile (Thailand); Cement (Thailand) [30] 

Threat of rising 
energy prices  

Steel and aluminum, food processing, plastic products, petrochemicals 
and chemicals, cement, textile, paper (Ghana); Non-energy intensive 
manufacturing (Sweden); Foundry (Finland, France, Germany, Italy, 
Poland, Spain, Sweden); Ceramic, cement, lime (Belgium); Iron and 
steel (Sweden) 

[11, 16, 19, 
23, 28] 



External pressures  Manufacturing SMEs (Italy) [31] 

Cost reduction from 
lowered energy use  

Steel and aluminum, food processing, plastic products, petrochemicals 
and chemicals, cement, textile, paper (Ghana); Pulp and paper 
(Sweden); Manufacturing industry (Denmark); Foundry (Finland, 
France, Germany, Italy, Poland, Spain, Sweden); Iron and steel 
(Sweden) 

[9, 19, 23, 
28, 29] 

Long-term benefits  Manufacturing SMEs (Italy) [31] 

Improving product 
quality  

Textile (Thailand); Cement (Thailand) [30] 

Allowances or 
public financing  

Manufacturing SMEs (Italy) [31] 

People with real 
ambition 

Non-energy intensive manufacturing (Sweden); Foundry (Sweden); 
Manufacturing SMEs (Sweden); Pulp and paper (Sweden) 

[9, 11, 12, 
20] 

Compliance with 
regulatory issues  

Steel and aluminum, food processing, plastic products, petrochemicals 
and chemicals, cement, textile, paper (Ghana) 

[19]  

3 Industrial energy management 
Research on improved industrial energy efficiency in 
industry is primarily focusing on technological and 
systems improvement, while energy management and 
organizational issues such as new routines and 
improved operation strategies have been scarcely 
covered in the academic literature [32]. While there is 
a vast potential for improved energy efficiency in 
technology, the full energy efficiency potential, as 
stated by Backlund, Thollander [2] is found in 
combining technology with management. Figure 1 
below exemplifies this. 

 

Figure 1. The extended energy efficiency gap 
[2].
  

An energy management system is a method or a tool 
to structurally work with improved energy efficiency 
in-house a company. Currently, two international 
standards are present, ISO 50 001, and EN 16 001. The 
energy management system standards are designed 
according to the Plan-Do-Check- Act (PDCA) cycle 
[33] which is a method for management of continuous 
improvement of processes and products. However, the 
energy management system is a tool and calls for 

sound management or leadership qualities to be 
adopted successfully [34].   
According to previous research (see Table 2), three of 
the top-ranked driving forces for improved industrial 
energy efficiency was related to in-house industrial 
management. Long-term energy strategy, commitment 
from top manager and people with real ambition were 
considered important factors for promoting energy 
efficiency improvements.  
 
4 Success factors for energy management 
Our first scientific study on barriers to improved 
energy efficiency studied ten Swedish non-energy 
intensive industrial companies [11]. Since then, 
consecutive research has been carried out including a 
large number of industrial companies:  
 

• Ten Swedish non-energy intensive industrial 
companies [11] 

• 27 Swedish foundries [20] 
• 40 Swedish pulp- and paper mills [9] 
• 47 Swedish industrial SME [12] 
• 12 Swedish industrial companies/energy 

utilities [35] 
• 21 Swedish industrial companies [36] 
• 65 European foundries [13] 
• 34 Ghanaian industrial companies [19] 
• 23 Swedish iron and steel mills [23] 
• 11 Swedish iron and steel mills [25] 

 
The  scientific studies of barriers and driving forces for 
energy efficiency presented above have resulted in a 
total of about 280 interview and questionnaire 
responses. In this research, which covers more than a 
decade, one remarkable finding is that two of the 
identified driving forces have been high-ranked by a 
majority of the companies studied. These driving 
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failures to energy efficiency through, e.g. 
energy services, conducting energy 
audits, energy information programs etc.
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Improved energy efficiency potential if 
succesful energy management  practices is 
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forces are ‘people with real-ambition’ and ‘the 
existence of a long-term energy strategy’. The above-
mentioned scientific studies have resulted in ten 
general success factors for in-house energy 
management practices. These factors are [5]:  
 

1. Full top-management support of the in-house 
energy management activities 

2. The existence of a long-term energy strategy, 
preferably with quantified goals 

3. A two-step energy plan; one covering one-
year, and one covering multi-year periods 

4. A clear energy manager position, but not 
necessarily  a full-time position 

5. Real energy cost allocation based on sub-
metering, not just energy costs allocated per 
square meter or number of employees 

6. Clear KPIs (Key Performance Indicators) 
which enable follow-up of results 

7. Energy controllers at floor-level position, i.e. 
one person per shift responsible for energy 
efficient operation 

8. Continuous energy efficiency education for 
employees 

9. Visualization of energy efficiency progress at 
company level as well as at division level 

10. Energy competition between divisions within 
the same company, encouraging improved 
energy efficiency  

 
Notably, companies that are successful in terms of 
improved energy efficiency all have these common 
elements in place. Notably, the first step in achieving 
this is an energy audit. Without that, it is like a 
controller setting a budget without last year’s history –  
it is literary impossible and becomes a guess work. In 
the following section, a number of tools for in-house 
energy management practices are briefly outlined. 
However, in spite of excellent tools available, these 
tools alone do not provide success as such, but 
foremost energy management is a leadership issue [5].  
 
5 Tools for in-house energy management 
In Table 3, a number of tools for in-house energy 
management are outlined. The table should by no 
means be seen as exhaustive, but more provide an 
overview of different tools on the market.  

Table 3 Tools for successful in-house energy management.  

Type of tool Name Reference 

Energy audit 
software 

Nordenaudit [37, 38] 

Energy management 
standard  

EN 16001; ISO 50001 National standardization 
bodies 

Energy audit 
standards 

EN 16247; ISO 50002 National standardization 
bodies 

Pinch analysis tools ProPi; EINSTEIN Chalmers Institute of 
Technology, Intelligent 
Energy Europe 

Industrial energy 
system optimization 

reMIND [39] 

Exergy analysis  [40] 
Manufacturing 
simulation 

Various softwares available [41] 

Energy services Various type of contracts offered 
by national ESCOs 

[9, 19, 23, 28, 29] 

LEAN Integrating energy efficiency in 
LEAN 

[42] 

Energy efficiency 
networks 

LEEN etc. [43] 

Energy monitoring 
systems 

Many actors on the market  

Investment 
calculation tools 

Many actors on the market  



Database of real 
energy efficiency 
measures 

IAC, DEFRAM [44] 

The various tools for successful in-house energy 
management could preferable by combined and used 
concurrently. Energy management systems would not 
be successfully applied without a thoroughly 
conducted energy audit and the energy audit procedure 
would benefit form using energy audit software and 
energy monitoring systems. Moreover, ESCOs offer 
their customers energy services such as energy audits. 
It has also been shown that optimisation of industrial 
energy systems could successfully be combined with 
both Pinch analysis [45] and simulation [46]. 
Including non-energy benefits (NEBs) in energy 
efficiency investment calculations has been shown to 
considerably improve cost-effectiveness of energy 
efficiency investments (Nehler et al., 2014). In Figure 
2 an illustration of this is shown. 

 

Figure 2. Including NEBs in energy efficiency 
calculations (Nehler et al., 2014). 

6 Energy management and sustainable industrial 
energy policy programs 
The by far most used energy policy program for 
industry are energy audit programs. Yet another 
important policy program for improved energy 
efficiency in industry are Voluntary Agreements (VA) 
or Long-Term Agreements (LTAs) (Thollander et al., 
2015).  
 
The major gain with a VA is that energy management 
components are included in the policy. Research 
shows that solely an energy management system is not 
sufficient for success of an in-house energy 
management program, but a  management system in 
place, together with sound leadership delivers higher 
deployment rates.  

7 Concluding discussion 
The full energy efficiency potential could be found 
when combining energy efficient technology 
implementation with successful energy management 
practices. To help achieve successful energy 

management, different energy management systems 
could be used to structure the companies’ work with 
continuous improvement of the in-house energy use. 
Moreover, years of research show that employees with 
real ambition to improve energy efficiency are a very 
important driving force when emphasizing and 
implementing measures for improvements. This 
person does not have to be the energy manager, but 
could be an employee at any position in the company. 
Therefore, it is recommended that the company 
acknowledge and value these people's commitment. 
They could e.g. be appointed the position of energy 
controller at floor-level, responsible for energy-
efficient operation. Another driving force that stands-
out as valued very important in our research is the 
existence of a long-term energy strategy at the 
company. Consequently, companies with the ambition 
to practice successful energy management should 
establish long-term energy strategies, preferably with 
quantifiable targets.  
 
Energy management standards are valuable tools 
which are used to structure companies’ work with 
continuous energy improvements. However, these 
standards do not include the demand for long-term 
energy strategies. Government do not have the 
authority to place such a demand on a company. 
Therefore, voluntary agreements could be a useful 
policy measure, as a complement to regulations. The 
voluntary agreement could e.g. be specified with a 
requirement that participating companies have to have 
long-term energy strategies. The Swedish Programme 
for Improving Energy Efficiency in Energy Intensive 
Industries (PFE) was a voluntary agreement in which 
the participating companies promised to introduce a 
standardised energy management system; carry out an 
energy review and implement energy efficiency 
measures with a payback period of less than three 
years; introduce procedures for purchasing energy-
efficient equipment and procedures for project 
planning and renovation. During the first five year 
programme period the participating companies had 
improved their electricity efficiency with 1.45 TWh 
[47]. This is an example of how voluntary agreement 
could impact energy efficiency.  
 
The ten success factors for in-house energy 
management practices formulated in this paper 
emphasises the importance of adding the dimension of 
management to the technology dimension. 
Unfortunately, companies often focus on solely 
energy-efficient technology implementation, while the 
human behaviour is downgraded or even neglected. By 
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educating employees and making them aware of the 
energy use at the company, their behaviour could be 
more energy efficient. This was the case at a Swedish 
steel plant where reduced energy use was recorded 
after the energy manager had visited the production 
area talking to people on the floor about energy [25]. 
 
NEBs such as reduced labour costs, reduced 
maintenance costs, improved product quality and 
improved work safety [48] should be considered in 
energy efficiency investments as this would reflect the 
real consequences of the investment. Including NEBs 
would improve cost-effectiveness of energy-
efficicency investments, which in turn could help 
overcome barriers to implementing energy efficiency 
measures. 
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