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Executive summary 
This report is a part of Annex XVI Energy Efficiency in SMEs within the IEA 

Implementing Agreement IETS (Industrial Energy Technologies and Systems) and is the third 
out of four Tasks in the Annex, covering Methods and tools to achieve energy efficiency in 
industrial SMEs. The Task was split into four Subtasks: 

i. Benchmarking methods and tools. Overview, analysis and mapping of existing 
tools, and practical examples of the use of benchmarking tools including 
experience sharing 

ii. Technical auditing methods and tools. Overview, analysis and mapping of existing 
tools, and practical examples of the use of auditing tools including experience 
sharing 

iii. Energy management methods and tools. Overview of the adoption level of energy 
management practices, practical examples of the use of EnMS (Energy 
Management Systems)-standardization. Overview of other energy management 
tools towards industrial SMEs including practical examples and experience sharing 

iv. Overview on emerging technologies and process integration (methods and tools) 
(in order to achieve energy efficiency improvements etc.) Case studies on the 
implementation of emerging technologies and process integration 

 
The major method used in answering Subtask i and Subtask ii was a literature study, 

mainly country-specific reports and documents, mostly written in that countries’ native 
languages.  

In Subtask iii, the main method used was a workshop. The workshop was held in 
Arnhem, Holland, June 4th, 2014. Even though this report only includes findings from five 
countries, a larger number of participants from 14 countries have contributed in previous 
workshops, e.g. researchers from Italy, Switzerland, Brazil, Germany, Norway, Finland, the 
Netherlands, France, and Austria.  

The overall findings are that tools for energy audits, energy management and 
benchmarking directed towards industrial SMEs are scarce and not widely adopted by the 
SMEs where available. This is clearly shown by the fact that many of the tools for 
benchmarking, auditing, and supporting EnMS adoption that are practiced in the project 
member countries are all developed by public funding. This would be partly because of the 
difficulty of establishing appropriate management/benchmarking methods and of bringing 
such efforts into viable business due to the existence of various market barriers to energy 
efficiency, e.g. high transaction costs or hidden costs for energy audits experienced by the 
audited companies. 

As regards benchmarking, the intricate matter of relevant indexes for industrial SMEs 
makes the use of benchmarking a challenge, yet an important challenge to overcome. While 
finding an appropriate index is crucial to maintain credibility from SMEs, it is very difficult 
when there is a high degree of variety in processes, products, and activities. One way to tackle 
this challenge is to use several kinds of benchmarking indexes. This makes benchmark more 
reliable by providing several perspectives that compensate each other weaknesses. For 
example, the ENIG database in Sweden use several metrics, including energy use per product, 
per square meters, per capita. Another way is benchmarking individual process or facility, 
instead of benchmarking whole site or whole company. This approach is based on an 
understanding that benchmarking figures are less relevant on a company level and more 
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relevant for a process or installation level, e.g. compressed air etc. The fact that results from 
IEE (Intelligent Energy Europe)-funded projects BESS (Benchmarking and Energy 
Management Schemes in SMEs; Lackner & Holanek, 2007) and ExBESS (Benchmarking and 
Energy management Schemes in SMEs; Tajthy ed. 2009) are not used operatively today after 
these projects have ended, is a sign that just a tool as such is of low value for industrial SMEs. 
However, SMEs often require a simple message based on a simple index. To attract them it 
might also be important to stick to an aggregated index. 

The need of simplification when trying to enhance adoption of EnMS in industrial 
SMEs is also stressed to be of importance. SMEs often need more simple system descriptions 
and less documents because they do not have sufficient human resources compared to larger 
enterprises. Examples include EnMS Light for SMEs in Sweden and a similar EnMS Standard 
in Japan, “How to implement energy management in small and medium-sized enterprises - A 
guide with supporting tools”, developed in a joint Nordic project. The same holds for Spain 
and a developed lighter EnMS for SMEs. Emerging technologies and process integration 
(methods and tools) is a very intricate matter, not the least a huge area due to the 
heterogeneity of industrial SMEs, and was only discussed briefly in relation to Swedish 
experience.  
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1. Introduction 
Improving industrial energy efficiency is an important way to address energy security 

and environmental concerns. While large, energy-intensive enterprises are the major users of 
energy in the industrial sector, small- and medium-sized enterprises (SMEs) are also an area 
which requires more attention. The share of energy use of industrial SMEs in developed 
economies such as Belgium, Japan, and Sweden, for example, appears to be modest, ranging 
from 10 to 25 % of industrial energy use. They do, however, have a central importance in 
economic output and employment: industrial SMEs usually produce a considerable share of 
GDP, and dominate the economy in terms of number of employees and companies. 

This report is part of the Annex XVI Energy Efficiency in SMEs within the IEA 
Implementing Agreement IETS (Industrial Energy Technologies and Systems) and is the third 
out of four Tasks in the Annex, covering Methods and tools to achieve energy efficiency in 
industrial SMEs. Regarding Task I, Energy policies and programs towards industrial SMEs, 
and Task II, Energy efficiency technologies and their potentials and barriers to 
implementation in industrial SMEs, see other publications (Thollander et al. 2014a-b, 
Thollander et al. forthcoming). 

This report covers three primary Subtasks within Task III, namely: 
i. Benchmarking methods and tools. Overview, analysis and mapping of existing 

tools, and practical examples of the use of benchmarking tools including 
experience sharing 

ii. Technical auditing methods and tools. Overview, analysis and mapping of existing 
tools, and practical examples of the use of auditing tools including experience 
sharing 

iii. Energy management methods and tools. Overview of the adoption level of energy 
management practices, practical examples of the use of EnMS (Energy 
Management Systems)-standardization. Overview of other energy management 
tools towards industrial SMEs including practical examples and experience sharing 

1.1 Method and delimitations 
In this report, the major method used was a literature study, mainly country-specific 

reports and documents, mostly written in that countries native language. Each country specific 
report is not intended to be a thorough survey of the country; it is not realistic considering the 
depth of information required. Rather, the country reports aim to, based on the view of 
country’s experts, pick up some of the core elements from the various methods and tools for 
energy management and auditing being practiced in member countries. 

We also used workshops as an important method. One workshop was held on 4th June 
2014 during the ECEEE Industrial Summer Study 2014. In addition, three video conferences 
(VCs) were held on 17th November 2013, 19th May 2014, and 15th September 2014. 

Apart from the three Subtasks studied, originally, a fourth Subtask was also planned to 
be included, namely: “Overview on emerging technologies and process integration (methods 
and tools)”. Due to that the emerging technologies and process integration (methods and 
tools) is a very intricate matter, and not the least a huge area due to the heterogeneity of 
industrial SMEs (a very large number of different types of production), the Subtask was not 
included in each country report and is only discussed briefly in Chapter 8. The report starts 
with presenting the overall country specific conditions for the countries, Belgium, Denmark, 
Japan, Spain, and Sweden (Chapter 2 to 6), and continuous with a presentation of the two 
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benchmarking projects BESS and ex-BESS (Chapter 7). It is followed by brief explanation of 
subtask iv (Chapter 8). Finally, the report ends with some concluding remarks (Chapter 9). 
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2. Country specific report: Denmark 

2.1 Subtask i: Benchmarking methods and tools 

2.1.1 Public programs on benchmarking 
In Denmark all buildings has to be benchmarked if a building is sold, rented or each 

every tenth or seventh year. Large ventilation plants have to make an energy audit each every 
fifth year. 

2.1.2 Private activity on benchmarking 
There are no benchmarking activities of particular interest or in wider use among 

SMEs. 

2.2 Subtask ii: Technical auditing methods and tools 

2.2.1 Public energy audit programs 
The Danish power and heat utility companies are obliged to realize energy savings at 

the customers. It could be through information meetings, walk through visits at the companies 
and a report with suggested possibilities for energy savings. It could also be through assisting 
the companies in the process of implementing an audit or energy management system. 

2.2.2 For large companies 
In relation to implementation of the European Energy Efficiency Directive (EED) all 

large companies have to make energy audits every 4 year and comply with the demands in the 
European standard EN 16247-1:2012 Energy audits - Part 1: General requirements.  

If the company has an implemented and certified energy management system after 
ISO 50001:2011 Energy management systems - Requirements with guidance for use, the 
company complies with the demands in EN 16247-1. 

If the company has an implemented and certified environmental management system 
after ISO 14001 Environmental management systems - Requirements with guidance for use 
(ISO/DIS 14001:2014), the company complies with the demands, if an energy audit that 
complies with the EN 16247-1 standard has been made. 

2.2.3 Private activity on energy audit 
There are no auditing methods and tools of particular interest or in wider use for 

industrial SMEs. 

2.3 Subtask iii: Energy management methods and tools 

2.3.1 Public programs to promote energy management systems 
Since 1996, Denmark has used voluntary agreements for improved energy efficiency 

as an important instrument to improve the energy efficiency in industry. For energy intensive 
organizations (including SMEs), it was possible to reduce the energy tax, if they had 
implemented an energy management system. The companies were obliged to implement all 
saving projects with a payback period under 4 year. The agreement was terminated 2013-12-
31. A new voluntary agreement for improving energy efficiency is expected to be launched in 
summer 2015. The content of the agreement is not known now, but is expected to be very 
similar to the previous agreement. 
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2.3.2 Private activity on energy management systems 
A number of Danish consultant companies offer services such as energy audit and 

energy management systems. 
 

2.3.3 Other activities and initiatives 
There is a guide titled: How to implement energy management in small and medium-

sized enterprises - A guide with supporting tools. This guide is the result of a joint Nordic 
project led by Danish Standards in collaboration with Icelandic Standards and Standard 
Norway, and with the participation of a number of small and medium-sized enterprises in 
Denmark, Iceland and Norway.  

 
The guide is based on the international standard on energy management, ISO 

50001:2011 Energy management systems – Requirements with guidance for use.  
 
For many small and medium-sized companies it is a difficult endeavour to read and 

translate the text of the standard into practical work on energy efficiency and energy 
management in the company. This guide gives a step-by-step and practical approach to 
working with energy management, based on the companies’ own experiences.  

 
The guide divides the entire process into 6 steps. The steps are based on the Plan-Do-

Check-Act approach, which is a fundamental principle in all management standards, including 
the energy management standard: 

  
• Step 1 gives you an indication of the economic potential of establishing energy 

management in your company and provides you with an overview of the present 
stage: how far are you in terms of establishing energy management and what needs 
still to be done. 

• Step 2 describes an initial examination of your energy use which will assist you in 
determining the level of ambition for introducing energy management. In addition, 
step 2 describes how you subsequently develop the energy policy, targets and 
objectives for your energy management work. 

• Step 3 describes how to organize the work on energy management in an 
appropriate way: appointment of an employee to be responsible for the day-to-day 
energy work and the involvement of other employees. 

• Step 4 describes how to map your energy use. A mapping is needed in order to 
determine the energy use to be used as the basis for transforming the energy policy 
into concrete action and for achieving a well-functioning energy management 
system. 

• Step 5 describes how to identify, based on the mapping, where and how energy 
can be saved, how to make an action plan and how to document your savings. 

• Step 6 describes how to make energy management work in your day-to-day 
operations, how to check the activities, how to follow up and how to document. 
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3. Country specific report: Flanders – Belgium  

3.1 Subtask i: Benchmarking methods and tools  

3.1.1 Benchmarking in SMEs 
The benchmarking schemes described below, are only applicable for the very energy-

efficient industrial processes, such as refineries, steel manufacturing and cement production, 
and not applicable for medium-sized or small enterprises. 

Benchmarking methodologies for SMEs are not used, neither in the Netherlands, nor 
in Belgium. 

3.1.2 Benchmarking in energy-intensive industries  
In 1999, the Dutch government and the industry of the Netherlands agreed upon a 

long-term agreement on energy-efficiency in industry in which benchmarking was for the first 
time a key aspect of the agreement. Industrial participants to this agreement commit 
themselves to bring and/or keep the energy efficiency of their process installations on the best 
international standard by 2012, taking into account that the best standard will improve in the 
meantime. The aim of the agreement is to stimulate the participating companies to improve 
their energy-efficiency without jeopardizing their market position versus international 
competitors. (Benchmarking Covenant, 2014).  

Following the example of the Benchmarking Covenant of the Netherlands, a similar 
Benchmarking Covenant started in 2002 in the neighboring Flanders, Belgium. 

Both long-term agreements or covenants are restricted to the energy-intensive 
industry; benchmarking on various issues, including energy, is a common practice in many of 
these industrial sectors and both covenants build upon these experiences. Both benchmarking 
covenants use an annual primary energy use of 0.5 PJ per site as lower limit for participation 
to the covenants. This lower limit was introduced as this is an objective criterion below which 
the benchmarking studies would become too expensive. In specific cases industries below 0,5 
PJ may decide to take part in the covenant. (Benchmarking Covenant, 2014). 

As best standard is not defined the world's very best, but with a restricted margin for 
which several methods apply, is used:  

• in the full benchmark all comparable installations in the world are involved, 
and the best standard is defined as the best decile (the 10 % best industries); 

• in the region benchmark, the best regions are involved and the average of the 
best region is defined as best standard; 

• in the best practice method, only the very best in the world is looked at, 
defining the best standard as a 10 % higher specific energy use; 

• if previous methods are not feasible, auditing principles will be applied to 
estimate the potential energy efficiency improvements. 

 
The best standard on energy efficiency is to be determined for the first time when 

acceding to the Benchmarking Covenant and to be updated after four years. Its calculation 
needs to take the autonomous evolution of the specific energy use into account; i.e. the 
baseline energy efficiency improvement that would take place in absence of the covenant. In 
case this autonomous evolution cannot be determined, a default energy efficiency 
improvement of 0.8% may be assumed. 

The benchmarking studies are performed by experienced consultants, per process 
installation on an ad-hoc basis. Partitioning of the site into process installations is often 
necessary to obtain units which are comparable to other units abroad. It will then occur that an 
industry benchmarks more than an installation, resulting in a different gap to the best standard. 
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An addition sum of the installations will be required, each with its gap and production volume, 
to arrive to the total gap between the industry and the hypothetical best standard industry. 

At the start of the Dutch Covenant in 1999, there was only experience with 
benchmarks of a limited number of process installations, such as the Solomon benchmark for 
refineries. In 2006, there were reliable benchmarks for more than thirty process installations 
and Best Practice studies for over sixty process installations. 

Table 1 below gives the repartition of the number of sites and the energy use in the 
first and second round of the Dutch Benchmarking Covenant (2006). Similar information for 
the Flemish Benchmarking Covenant is not available. The table demonstrates that the full 
benchmarking methodologies are only used in a small number of participating companies and 
also only the most energy-intensive ones. 

 
Table 1 Repartition of the number of sites and the energy use in the first and second round of the 
Dutch Benchmarking Covenant (2006). 

 1999-2000 
Number of sites 

2004-2005 
Number of sites 

2004-2005 
Repartition of 
energy use 

Full benchmark 21 25 56% 
Region benchmark 9 9 13% 
Best practice 68 74 17% 
Auditing 287 172 14% 
Sum 385 290 100% 
Number of companies 235 182  
 

The Benchmarking Covenant of the Netherlands was replaced by another long-term 
agreement in 2009. The Flemish Benchmarking Covenant is followed by the Energy 
Governance Agreement in 2014. The benchmarking approach is in both cases abandoned. 

3.2 Subtask ii: Technical auditing methods and tools 
Next to the Benchmarking Covenant for the energy-intensive industry, an Auditing 

Covenant on Energy Efficiency in Industry was operation in Flanders between 2005 and 2014, 
designed for medium-sized companies (annual primary energy use between 0.1 and 0.5 PJ). 
The backbone of this long-term agreement or covenant is auditing of the energy use of the 
participating companies and the implementation of the detected energy saving measures with 
an internal rate of return of 15% or more. 

Besides that, a programme to carry out free energy audits at SMEs (with an annual 
primary energy use less than 0.1PJ) was functional from October 2008 until October 2013 
(Agentschap Ondernemen, 2014).  

Despite the fact that auditing is the principal methodology for assessing the industrial 
energy use in existing cases, no official tools or methods were available.  

3.3 Subtask iii: Energy management methods and tools 
There is no obligation to implement an energy management system in the framework 

of both the Benchmarking or the Auditing covenant. 
Both covenant expired in 2014 and were replaced by so-called ‘Energy Governance 

Agreements’, operational from Jan 1st, 2015 until Dec 31st, 2020. The obligation to 
implement an energy management system has been added to these agreements (free 
translation from Art 6 of the agreements): 
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“The participating companies commit themselves to design and implement energy 
management tools adapted to the size of the company. These tools should improve the alerting, 
commitment and sensitisation on energy efficiency of employees in various departments of 
the companies. The participating company commit itself to implement ISO15001 or energy 
management methods, in which the management elaborates a strategy, appoints an energy 
manager, and inform and involve the employees.” 
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4. Country specific report: Japan 

4.1 Subtask i: Benchmarking methods and tools.  

4.1.1 Public programs on benchmarking 
In Japan, there is a benchmarking program concerning energy efficiency in 

commercial and industrial sectors. It is prescribed in Energy Conservation Law (ECL), which 
mandates medium-sized and large companies1 to introduce basic energy management systems. 
ECL set an intensity target for companies to improve their energy intensity by an average of 
1% or more annually in the mid- to long-term. Here the energy intensity of a firm is defined 
as the annual energy use divided by an indicator related to the firm’s production/activity, 
which the firm can choose2. Since the same intensity target (1% improvement per year) is 
applied to all firms regardless of their industries or of their previous efforts, the uniform target 
was criticized as unfair because it does not take into account unique conditions each industry 
and company has. Thus, in 2010 “sectoral benchmark targets” were established for three 
energy intensive industries, namely iron and steel manufacturing, thermal power plants, and 
cement manufacturing. As of 2014, six industries have benchmark targets (Table 2). For 
example, iron manufacturing factories with blast furnaces should not consume, in the 
medium- and long-term, 0.531 kiloliters of crude oil equivalent in its blast furnaces per ton of 
raw steel produced. 

 
  

1 Regulation by ECL are applied to companies that consume more than 1,500 kL of crude oil equivalent per year. 
2 Production/activity indexes chosen by many companies include weight of products or raw materials (42%), 
sales (22%), number of products (16%), area (7%) (ECCJ, 2008a). 
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Table 2 Benchmark targets for energy-intensive industries (METI 2010). 

Industry Benchmark index Target level 
1a. Iron manufacturing 

by blast furnaces 
Energy use in its blast furnaces divided by 
the amount of raw steel produced 

0.531 kl/t or less 

1b. Common steel 
manufacturing by 
electrical furnaces 

Sum of energy use divided by the amount of 
products in raw steel processing and in 
rolling and finishing processes 

0.143 kl/t or less 

1c. Special steel 
manufacturing by 
electrical furnaces 

Sum of energy use divided by the amount of 
products in raw steel processing and in 
rolling and finishing process 

0.36 kl/t or less 

2. Power supplier Thermal efficiency at rated output divided 
by design efficiency 

100.3 % or more 

3. Cement  Sum of energy use divided by the amount of 
products in raw materials preparation, 
clinker production, finishing, and shipping 
processes 

3891 MJ/t or less 

4a. Pulp and paper  Energy use divided by the amount of paper 
products 

8532 MJ/t or less 

4b. Paperboard  Energy use divided by the amount of 
paperboard products 

4944 MJ/t or less 

5. Petrochemical Energy use in refinery process divided by 
the “standard” energy use in the process 

0.876 

6a. Chemical basic 
products 

Energy use in the production process 
divided by the amount of chemical products 

11.9 GJ/t or less 

6b. Soda chemicals Sum of energy use in electrolysis process 
divided by the amount of soda from the 
process, and steam use in condensing 
process by the amount of liquid soda 

3.45 GJ/t or less 

 
No benchmarking targets have been set for the other industries so far. The major 

reason is that it is very difficult to find a proper benchmarking index for a non-energy 
intensive industry due to its variety of processes and equipment3. 

There is no benchmarking program sorely directed towards SMEs. Energy 
Conservation Center Japan (ECCJ) provides data of average energy use per square meters per 
year for several industries in the commercial sector, which are employed by some companies 
as benchmarks for energy efficiency. However, ECCJ provides no such figures for the 
industrial sector because of the same reason described above. 

4.1.2 Private activity on benchmarking 
There is no benchmarking activity that is of particular interest or in wider use among 

industrial SMEs. 

3 An energy intensive industry, on the other hand, has homogeneous processes and equipment across the 
industry, making it relatively easy to set a proper benchmarking index that reflects energy efficiency of firms. 
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4.2 Subtask ii: Technical auditing methods and tools.  

4.2.1 Public energy audit programs 
In Japan, there are two major energy audit programs by the government: one by ECCJ 

and the other by Ministry of Environment (MoE). Some local governments also implement 
small energy audit programs. They are all voluntary programs and provide free-of-charge, 
simplified audits consisting of a pre-survey, a one-day walk-through and a final reporting. 
Audits are provided by auditors that are registered as experienced consultants, most of whom 
are retired energy engineers. 

ECCJ has made “Energy Audit Handbooks” for factories as well as office buildings 
(ECCJ 2008b, 2008c, 2008d, 2008e). For example, the handbook for industrial SMEs is 90 
pages long, consisting of five chapters (1. energy management system, 2. HVAC and 
refrigeration, 3. Pumps, fans and air-compressors, 4. Boilers and furnaces, 5. Electrical 
equipment, motors and lighting). Intended for training of auditors, the handbooks explain 
basics of energy consuming processes/equipment, important areas for analysis, major 
technologies and methods, and case studies of energy conservation measures (Figure 1). 
Training seminars for auditors are also provided. 

 

 
Figure 1 Sample pages of Energy Audit Handbook for industrial SMEs, explaining basics of air 
compressors and methods to reduce air pressure (ECCJ, 2008c). 

 
ECCJ audit reports are standardized and made by a Microsoft Excel-based tool, which 

helps data input, graphical presentation, and calculations such as energy conversion, though 
the tool is only open for registered energy auditors. 

There is no auditing tool for industrial SMEs developed by the government or by 
research institutes. For commercial buildings, however, a Microsoft Excel-based auditing tool 
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called “Energy Specific Unit Management Tool” (ESUM), and its brief version called 
“Energy Conservation Target Tool (ECTT)”, are provided by ECCJ (ECCJ, 2010, 2015). 
Those tools are intended for commercial buildings to calculate energy saving potentials of 
various measures, such as energy efficiency investments and operational improvements. By 
entering input data, such as location, building structure, air-conditioning system specifications, 
and occupancy load, operating time, users can make various estimations and evaluations, such 
as energy use by end-use, daily/weekly/monthly load curves, and energy savings of various 
energy saving measures (Figure 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2 Sample graphs of Energy Conservation Target Tool, ECTT (ECCJ, 2015). By entering 
needed data such as building structure and air-conditioning system specifications, users can estimate 
energy savings by selected energy saving measures. 

 

4.2.2 Private activity on energy audit 
Apart from public energy audit programs, manufactures of energy using equipment are 

providing energy audits. According to the author’s interviews to those manufactures, most of 
the audits conducted are simple, free-of-charge, one day walk-through audits. This is because 
audited firms are not willing to pay money. Therefore, manufactures provide free-of-charge 
audits as a way of sales promotion of their products, expecting future orders. While consulting 
companies and ESCOs also provide energy audits, they mainly target large commercial 
buildings in order to avoid high labor costs to conduct audits. As far as the author is aware, 
energy audits for industrial SMEs by private companies are not very popular because of the 
high transaction costs associated with those audits. Thus, there is no auditing methods and 
tools that are of particular interest or in wider use for industrial SMEs. 

4.3 Subtask iii: Energy management methods and tools 

4.3.1 Public programs to promote energy management systems 
Since energy Conservation Law (ECL) mandates medium-sized and large companies4 

to introduce basic energy management systems, many firms adopt energy management 
systems accordingly. Requirements of the ECL include the submission of an annual report on 
energy use, the appointment of qualified energy managers, the involvement of top 

4 Regulation by ECL are applied to companies that consume more than 1,500 kL of crude oil equivalent per year. 
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management, the development of long-term energy efficiency investment plans, and the 
establishment of energy management manuals for major energy-consuming equipment (Table 
3). Compared with the international standard on energy management systems, ISO 50001, the 
ECL is unique in that it specifies energy baselines, performance indicators, and quantified 
targets, such as the 1% annual improvement of energy intensity (as discussed in section 3.1). 
Another distinctive aspect of the ECL is that the energy management standard of the ECL 
specifies energy conservation measures that should be implemented by all companies, while 
ISO 50001 specifies no conservation measures. Also, the ECL is different from ISO 50001 in 
that it has no requirement for internal inspections and companies are only required to self-
check their compliance status with the energy management standard when submitting an 
annual report. The compliance status to the ECL is reported to be very high. It is considered 
that more than 80% of the medium-sized and large factories have adopted energy 
management systems according to the standard of the ECL (Kimura and Noda 2014). 

 
 

Table 3 Structure of the energy management standard of the ECL (Kimura and Noda 2014). 

I. Standards section 
 Preamble: General standards on energy management systems 

 A. Establishment of energy management systems 
B. Appointment of responsible managers 
C. Establishment of energy conservation policies  

D. Check and review of compliance with policies 
E. Periodic review of the check-and-review methods 
F. Documentation of energy profile 

1. Standards for major energy using equipment in offices and other commercial facilities 
 (1) Air conditioning and ventilation equipment 

(2) Boilers and hot water supply 
(3) Lighting, elevators, and other motor systems 
(4) Electrical equipment and BEMS 

(5) Generators and cogenerators 
(6) Office automation equipment and appliances 
(7) Commercial equipment (e.g., refrigerators) 
(8) Other equipment 

2. Standards for major energy conversion processes in industrial factories 
 (1) Efficient fuel combustion 

(2) Efficient heating, cooling and heat transfer 
(3) Heat recovery 

(4) Efficient conversion of heat into other form of energy 
(5) Reduction of energy loss by eradiation etc. 
(6) Efficient conversion of electricity into heat, etc. 

II. Targets section 
 Preamble: General targets 

 A. Improvement of energy intensity by one percent per year on annual average 
B. Achievement of industry benchmark index (specified for four energy intensive industries) 

1. Target measures for major equipment in commercial facilities 
 (the same structure as the Standard section) 
2. Target measures for major energy conversion processes in industrial factories 
 (the same structure as the Standard section) 

 
Another program to promote adoption of energy management systems is a program by 

Ministry of Environment (MoE) called “Eco Action 21 (EA21)”. This is a program to 
promote adoption of an environmental management system standard in SMEs. The standard is 
quite similar with ISO 14001, an international standard on environmental management 
systems, but is much more simplified to enhance participation of SMEs. The costs of auditing 
and registration of EA21 is also kept lower than those of ISO 14001 for the same reason 
(usually 3,000 to 5,000 USD per certification and registration). Although this is an 
environmental management system standard, energy management is a major component of 
the standard. As of 2014, about 8,000 SMEs, both from industrial and commercial sectors, are 
EA21-certified (EA21, 2014). 

In 2013 MoE has started a sister program of EA21 that focuses on energy use and 
carbon emission: “EA21 CO2 Reduction Initiative Program (Eco-CRIP)”. This is basically 
the same as EA21 but is even more simplified by focusing on the energy- and carbon-related 
aspects. To be certified to this standard, a company has to introduce a simple management 
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system described in Table 4. In 2014 a demonstration project of Eco-CRIP is being 
implemented by MoE with participation of about 300 companies. 

 
 

Table 4 Energy management cycle and steps to be taken in Eco-CRIP (MoE 2014). 

Plan Step 1 Monitor and analyse energy use data 
Step 2 Indentify locations of energy use 
Step 3 Estimate carbon emissions 
Step 6 Develop a policy for environment 
Step 7 Establish a target to reduce carbon emissions 

Do Step 4 Identify responsible staffs and organizations 
Step 5 Implement improvement measures 

Check/Action Step 8 Evaluate the outcome of activity and make 
improvements 

Step 9 Publish an activity report and communicate with 
stakeholders 
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5. Country specific report: Sweden 

5.1 Subtask i: Benchmarking methods and tools 

5.1.1 Unit process concept 
A requirement for comparing energy use in industrial companies is that they are to be 

carried out in a well-structured and uniform way. One way to get a well-defined structure is to 
divide the energy end-use by the objective of the processes. By defining the concept unit 
processes as a common denominator of features in industrial processing and manufacturing a 
systematic analysis is made possible. 

The concept of unit processes, originally developed by Soderstrom (1996) and further 
developed by Thollander et al (2012) is thus a way to divide the industrial energy use into 
smaller parts. The reason for this division is to get a well-defined structure and as a result 
allow a similar treatment when analyzing the energy use within industrial companies. The 
concept is based on the objective of the industrial process, such as mixing materials, heating a 
product, to light up the premises and to produce domestic hot water. Unit processes are to be 
the smallest components that constitute an industry. Unit processes are common to all 
industries and thus provide opportunities for comparisons of a given unit process, e.g. forming 
and mixing products, between different industries. 

Unit processes include both production processes and support processes. The 
production processes are processes that are used to produce products while support processes 
constitute support to production. 

The production processes are: coating, moulding, heating melting, 
drying/concentrating, packing, disintegrating, mixing, disjointing, jointing, cooling/freezing. 

The support processes are: lighting, ventilation, compressed air, pumping, space 
heating, space cooling, domestic hot water, steam, administration and internal transport. 

Unit processes can be used for comparisons between companies in the same industry, 
but it is also possible to use for comparisons between industries. 

5.1.2 ENIG 
There is one developed benchmarking platform in Sweden developed by Swerea 

SWECAST5. The platform enables companies to sign up in the platform, and then load up 
their energy use for various processes. The type of processes is dependent on the type of 
industry. For a more thorough presentation of the platform, please see Sommarin et al., 
(2014). 

5.2 Subtask ii: Technical auditing methods and tools 

5.2.1 Nordenaudit 
The Swedish energy agency (SEA) has conducted two larger energy audit programs, 

but there has not been a single technical auditing method or tool devoted for the program. 
Excel sheets have been used as tool by some energy auditors and an excel-based program 
called EnSAM, developed at Linkoping University, was used partly during the first energy 
audit program. There were, however, problems with the tool EnSAM concerning errors and 
another tool was developed, called Nordenaudit. Nordenaudit is a tool that is based on the unit 
process concept, described above. Nordenaudit is a Java-based tool, including both English 

5 Swerea SWECAST is the Swedish foundry branch’s institute for research, development, education and 
training. See http://swerea.se/en/Start24/. 
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and Swedish versions. A set of sheets is provided in the graphical interface of Nordenaudit 
such as overview, support processes, production processes, result graph and results. 
 

A presentation of the Overview sheet is shown in Figure 3 where it is possible to fill in 
e.g. annual energy use of various energy carriers and type of company. 

 
Figure 3 The energy use of a company categorized between energy carriers such as electricity and oil, 
as well as e.g. power subscription. The object button is used to include data regarding the specific 
company such as name of the auditor and date. 

The use of energy is divided into unit processes and for each unit process information 
is included. When the specific data for the unit processes associated with support processes 
are filled-in the annual energy use of various energy carriers for the different support 
processes are summed up in the support processes sheet, see Figure 4. 
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Figure 4 Overview of the annual energy use in the audited company’s support processes. 

In Figure 5, the sheet for the support process “ventilation” is shown as an example. 
The auditor types the power (Watt) for the various fans. Also, the specific power factor (if 
only apparent power is available) is included by the auditor, who thereafter fills in the specific 
operation time. By this approach, each fan in each room is mapped and at the end the whole 
site is easily mapped, with various ventilation installations. There is also an option for most 
support processes to fill out generic general energy efficiency improvement measures e.g. 
time reduction and space reduction. 

 
Figure 5 Overview the support processes “ventilation”, split into general ventilation and  process 
ventilation of an audited company. 
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Each of the unit processes are included in specific sheets for the unit process and 
summed up in the support process sheet and in the similar production process sheet depending 
on if the unit process is a support or a production process. All production unit process sheets 
looks similar and for the production processes, there is also an option of filling out e.g. time 
reduction and power reduction as generic general energy efficiency improvement measures. 
The unit processes sheets have all similar structure for input data, but there are some sheets 
that look differently, e.g. the lighting sheet.  

The results from the energy audit are outlined in the result graph and result sheets, 
presented in Figure 6. 

 
Figure 6 Overview of the current annual energy use and the energy use after all energy efficiency 
improvement measures are carried out and also the energy audit results (energy balance) categorized 
between the different unit processes. 

5.3 Subtask iii: Energy management methods and tools 

5.3.1 EnMS-light 
Energy Management System Light (EnMS-light) is an energy management (EnM) tool 

developed to support industrial SMEs. The tool is simplified compared to the ISO 50001 to 
address SMEs. The tool is useful for SMEs in the start-up phase in their contribution to a 
more long-term, structural and efficient use of energy. 

The tool is based on the PDCA-cycle (Plan-Do-Check-Act) and the first tool was a 
pdf-form that could be filled-out by company personnel (Hrustic et al, 2011). Based on the 
pdf-form version, a new web-based tool has been developed and released.  

EnMS-light is constructed as a way of thinking when introducing energy use in 
Energy Management System (EnMS) and the SMEs should, by working through the tool, 
learn how to start working with EnMS by more or less self-learning. Figure 7 shows how the 
system is built and the linkages between every part of the system. 
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Figure 7 The linkage of the different parts in EnMS-light (Figure from Hrustic et al, 2011). 

Companies should go through EnMS-light in the following order: 
1. Energy Policy: An energy policy should be defined at the company written 

in a document that is published that shows how the company plans to work 
with energy efficiency. 

2. Laws and requirements: Laws and requirements (national and 
international) that could influence work at the company should be updated 
and documented.  

3. Implementation: The implementation part of EnMS-light consists of two 
parts;  

a. Checklist - may be used as guidance for companies in their energy use.  
b. Tools - introducing different energy tools in the company, creates more 

alternatives to improve the work with energy efficiency, e.g. energy 
incentives, LCC and key energy figures 

4. Follow up: Companies should review the energy management practices 
performed, addressing energy policy and work with energy efficiency at 
the company. To facilitate the revision an example paper was developed 
showing the most important parts to review. The follow up should find 
discrepancies that exist in the energy targets and by eliminating the 
discrepancies the companies improve their level of energy efficiency. 

5. Continuous improvement: It is vital that the companies have an ongoing 
work regarding continuous improvement (See Figure 8). 
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Figure 8 Continous improvement of the EnMS-light (Fig. from Hrustic et al., 2011) 
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6. Country specific report: Spain 

6.1 Subtask i: Benchmarking methods and tools 
There has been an important improvement in energy management systems (EnMS) of 

small and medium enterprises (SMEs) in Spain. However, the reduced availability of financial 
resources to invest in the implementation of efficiency measures, due to Spanish economic 
crisis which began in late 2008, has prevented further progress. 

6.2 Subtask ii: Technical auditing methods and tools 
In the Spanish context, methods and tools regarding energy efficiency are mainly 

focused on the building sector including both residential and tertiary sector. Latest 
government strategies consider this sector the most promising in terms of energy savings. 
Therefore a set policies and plans as well as certification mechanisms have been developed. 

 
For several years, a software called CALENER has established itself as the main tool 

for building energy audits. However, in recent years Spanish government has developed other 
specific procedures for energy assessment of existing buildings. These new procedures are 
called CE3X and CE3. The following sections will summarize the computing capacity of each 
one. 

 
o CALENER 

CALENER-VYP is a software which audit and rate energy use of homes and small 
and medium commercial buildings.  

CALENER calculates, with a previous geometric, constructive and operational 
description of the buildings, and air conditioning systems, hot sanitary water and lighting (for 
nonresidential buildings), the energy rating, according to current regulations.  

The behavior of the equipment with boundary conditions (temperatures, flow rates, 
load fraction) is governed by behavior curves that should be known by the equipment which is 
simulated. For each different type of equipment performance curves are defined and default 
values are supplied. The steps for the energy audit in a residential building or a medium size 
company will be: 

• Study the HVAC system (systems, equipment, terminal units, correction 
factors) installed in the building, deciding the combination of elements that 
will be necessary to model it. 

• Gather information about the sizing (Power and nominal performance, flow 
quantity, flow temperatures, performance at partial charge, etc.) required by 
the program elements. 

• Define the geometry of the building, building type and characteristics of the 
lighting systems if it is a commercial building. 

• Define the demand for hot sanitary water (HSW) and associated systems. 
• Define the correction factors required by the equipment used in the system. 
• Define equipment and / or required units. Eventually, import existing database 

into the software and, if necessary, modify their properties. 
 
Although CALENER is still the reference procedure for energy rating of buildings, it 

has a number of limitations that make it desirable to develop specific procedures for existing 
buildings. Because of this, it has been developed a new energy rating scale of existing 
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buildings. The objective of this measure is to obtain the mean values and indicators for 
existing buildings, which can produce the full range of the scale of energy efficiency. 

Two simplified procedures corresponding with two softwares have been developed 
with a common target, to obtain the energy rating of an existing building. These software are: 
 

o CE3X 

This method of auditing and certification, developed by Natural climate systems SA, 
is used in order to obtain the energy efficiency label, included in the certification document 
generated automatically by the software, which indicates the rating assigned to the building 
within a scale of seven points, going from point A (more efficient building) to G (least 
efficient building). It also incorporates a number of sets of measures to improve energy 
efficiency, the new grade that the application of each set of measurements would improve and 
the possibility of an economic analysis of the impact of these measures based on the energy 
savings estimated by the software or energy bills. 
o CE3 

This software was developed by the company Applus Norcontrol SLU. It has been 
designed to facilitate what is considered the main objective of qualifying energy efficiency of 
existing buildings, which is to promote the implementation of measures to improve energy 
efficiency. To this end, complementary to the reporting procedure, it is designed a parallel 
implementation of the identification and evaluation of energy saving measures in order to 
simplify the decision-making process to improve the building energy efficiency. 

 
In the case of SMEs there does not exist a normative framework through which to 

perform energy assessments. Below we identify some general tools to provide a general 
vision regarding how energy is consumed in companies.  

Big energy providers in Spain offer on-line tools to develop a first level evaluation of 
the main energy use in industries. These tools only require a reduced set of input parameters 
and provide general recommendation regarding most promising strategies. Some of the inputs 
required are; 

 
 Total area of the building 
 RES (PV mainly) 
 Glazing surfaces 
 Lighting and technologies associated 
 HVAC systems 
 Equipment 
 Schedules 
 Energy sources  
 Energy costs 
 Water supply 

 
With all the above this type of tools offers measures such as; 
 
 Installation of blind elements in façades. 
 Renovation of equipment including computers or printers 
 Lighting system renovation 
 Substitution of certain fuels 
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It is also possible to find specific tools depending on the sector. Mainly service sector 
is considered taking into consideration its impact in the Spanish economy. Restaurants, hotels, 
offices and health centres are considered and specific tools are offered by these energy 
provider companies. 

Apart from private company solutions, several initiatives have been carried out at a 
regional level, mainly focused on handbooks to develop energy audits. Especially interesting 
is a SW developed under the support of the Regional Government of Galicia in cooperation 
with the Energy Institute of Galicia (Inega). This tool includes 12 areas of studies including; 
energy bills, thermal consumption, lighting, electric installations, compressed air, industrial 
cooling, water and air conditioning, transport, efficiency, maintenance, labelling and training 
(Figure 9). 

The approach of this tool is to provide a general understanding regarding how energy 
is consumed and managed in industries avoiding complex or specific studies focused on 
certain equipment or installation.  

 
Figure 9 General structure of SW for energy diagnoses in industries 

 

6.3 Subtask iii: Energy Management methods and tools 
The ISO 50001 represents the most deployed mechanisms to assess and control energy 

management in companies. This standard tends to cover an energy accounting including 
energy balances, generation and consumption rates, measurements and action plans for 
improvements. Following the international trend, in Spain the number of companies certified 
grew from 16 in 2009 to 74 in 2011 (according to the Spanish Association for Standardization 
and Certification). 

 
o IAT project: EVALENER:  

Apart from the standards, IAT (Andalusian Institute of Technology) developed a 
project to improve energy management in SMEs (Morales et al., 2008), specifically 15 SMEs 
were auditing and taught in Energy Management System (EnMS). An evaluation tool was 
developed in this project to evaluate companies’ EnMS and to compare EnMS state between 2 
periods (to analyse improvement actions effectiveness for example).  

The tool is based on the ISO 16001:2010 with the goal of reducing energy use and 
improving processes in an energy efficiency perspective in companies. 

The methodology behind the tool is based on the following steps: 
Step 1. A questionnaire has been developed to cover all standard requirements. 
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Step 2. Question weighting has been developed to reach a value for each standard 

requirement. The evaluator will have to mark each question between 1 and 5 to show 
the maturity level as shown in Table 5. 

 
Table 5 Marking of every Maturity level and sub-level for standard aspects 

Maturity Level Marking (Maturity sub level) 
Basic High Advanced 

1 1 1,4 1,7 
2 2 2,4 2,7 
3 3 3,4 3,7 
4 4 4,4 4,7 
5 5 5 5 

  

To choose the value in this table 1, the evaluator will use first Table 6. 

Table 6 Maturity Level of every standard aspect 

Maturity 
level Approach Performance Improvement 

1 It isn’t very sound 
It isn’t done 
systematically and not 
always as planning. 

It is done just to repair 
problems  

2 
It is sound and it is based 
in a recognized standard, 
model, etc. 

It is done systematically 
and not always as 
planning. 

Non conformities are 
detected in order to plan 
and to star improvement 
actions 

3 
It support the management 
policy  and established 
targets 

It is done regularly and in 
many relevant areas  

Improvement actions are 
set to avoid future 
problems. Effectiveness of 
these actions is measured 

4 
It consider the influence 
of all management areas 
and relevant stakeholders. 

It is done in nearly all 
relevant areas 

Results are analyzed and 
compared with company 
targets in order to get 
information to improve 
activities, process, etc. 

5 It is done considered 
internal and external data 

It is done in all relevant 
areas to guarantee good 
results for all stakeholders  

Best practices and 
comparison with other 
companies results are 
taken into account to set 
up improvement plans. 

 
To find the maturity sub-level (Table 5) the following criteria are considered: 

 Basic: the 3 marks in the array have the same level. 
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 High: one of the mark (approach, performance or improvement) is above the basic 

level. 
 Advanced: 2 of the 3 marks are above the basic level. 

By using both tables above, it can be obtained a value between 1 and 5 for each 
question. In an example both tables will be used as follows: 

Set the maturity level: user will mark with a cross the maturity level of approach, 
performance and improvement (each column in Table 7). The maturity level will be the lower 
of these three values. Therefore, maturity level will be 2 in this example. 

 
Table 7 An example of setting Maturity level. 

Maturity 
level Approach Performance Improvement 

1    
2  X X 
3 X   
4    
5    

 

Set the maturity sub-level: In the above example: sub-level is “high”, therefore this question 
points with a value of 2,4 (Table 8) using Table 5 to set it. 

Table 8 Example of setting the question value 

Thus, for each question the user get a value between 1 and 5. 

Step 3. Some tests have been passed to the tool in order to identify errors and to check the 
smooth running of it. 

 
Step 4. Validation of the tool in 15 real cases 

 
This tool gives examples of good practice and serves as a checklist for internal audits. 

This tool was included in the ONDEVAS (2015) system along with other assessment tools of 
IAT (Quality, environment, etc) 
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7. Experience from the (Ex)BESS projects 

The European BESS (Benchmarking and Energy management Schemes in SMEs) 
project started in January 2005 and lasted for 28 months (Lackner & Holanek, 2007). Its goal 
was to increase the quality of energy management and to (further) improve energy efficiency 
and reduce energy costs of small and medium sized industrial enterprises. The BESS-project 
more particularly covered three aspects: Energy Management, Monitoring and Benchmarking. 
The participating countries were Austria, Bulgaria, Finland, Greece, Ireland, Lithuania, 
Netherlands, Norway, Slovenia, Spain and Sweden. Sectors that participate are chosen from 
the food & drink industry and are for example meat processing, bakeries and dairy (Tajthy, 
2009). 

In this BESS-project a basic multi lingual e-learning scheme and tools for energy 
management and benchmarking have been designed. The e-learning scheme is based on the 
Plan Do Check Act (PDCA) cycle and is elaborated of a “translation” of the ISO 14001 
standard. The e-learning scheme and tools are to be in harmony with the anticipated European 
CEN/CENELEC energy management system standard. A description of each phase of the 
PDCA cycle is listed below. 
• Plan: During the PLAN phase, the SMEs begin with the implementation of energy 

management. A number of steps are taken with the ultimate objective of establishing an 
action plan. 

• Do: In the DO phase the project proposal is translated into a project plan, and energy 
management acquires its own place within the organization. 

• Check: The most important activity in energy management is regularly measuring, 
recording and analyzing SMEs energy use. Only by regularly measuring and comparing 
can insight be gained into the effectiveness of the measures taken and will any non-
conformance be identified. 

• Act: It is important to continue to respond quickly and adequately to the results of the 
measures implemented. 

The e-learning scheme structure is graphically depicted as a dartboard (Figure 9), 
which is divided in four sections corresponding with the PDCA cycle. 

     

Figure 10 Presentation of the BESS e-learning scheme. 
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The BESS-project was followed by the ExBESS-project, that ran from 2007 until end 
of August 2009. This ExBESS-project updated and adjusted the e-learning scheme, the tools 
and extended the SME sectors and languages involved. Its objectives were more precisely: 
• The addition of 8 countries: Italy, Belgium and Portugal and 5 new member states: 

Slovakia, Czech Republic, Poland, Latvia and candidate (at the time) Romania. Total 
number of (Ex)BESS partners will be 19;  

• The addition of new industrial SME sectors in and beyond the food and drink industry e.g. 
textile/carpet, machinery, crafts (e.g. installers) etc., represented by e.g. the internationally 
active consortium members CITEVE, CNA and Centexbel;  

• Implementing energy management and benchmarking in at least 80 additional pilot 
companies. These new pilot companies will be enabled to benchmark their energy data 
with hundreds of other companies, expected to be included as a result of the BESS 
outreach;  

• Introduction of financial mechanisms to boost energy efficiency investments as a result of 
active involvement of ESCOs in the participating countries;  

• Improvement of the BESS E-learning scheme by making it more user-friendly and 
extending it with multi language upload functions, making the website flexible and tailor-
made to all participating countries;  

• ExBESS project results will be recognized, adopted and used at least by the members of 
involved sector associations and ESCOs in the participating countries. 

7.1 Design of a web-based benchmark application in (Ex)BESS-
project 

Within the BESS pilot, a web-based benchmark application was made allowing to 
benchmark energy performance against other European pilot companies within the same 
industry sector/benchmark class. The application was open to define new benchmark-classes 
or new indicators. The application has options for adjustment regard external factors like 
climate (heating), capacity utilization, production mix and boiler efficiency. 

The BESS benchmark-application was flexible regarding expansion to new countries, 
new companies, new benchmark-classes and new indicators. At the end of the ExBESS-
project, the database contains input from the BESS and (Ex) BESS projects. Actual data in the 
database came from in total 213 companies, spread over 19 countries and seven different 
benchmark-classes, that is, SME sectors. 53 of the 213 companies in the database were from 
the new countries and sectors within (Ex)BESS, see Figure 11 below. 
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Figure 11 Presentation of the ExBESS database. 

7.2 Benchmarking methodology applied in (Ex)BESS-project 
The best way to compare companies is to have homogenous groups with companies 

producing the same products, with the same type of equipment, with similar production 
volumes and with same external conditions (climate etc.). However the situation in reality is 
more complex. The application had options for four different kinds of adjustment; system 
efficiency factor, climate, production utilization and production mix. The use of adjustment 
factors improves the comparability of benchmark results, since it enables to exclude several 
influences on energy use that are outside control of the company. The users of the 
international web benchmarking had the possibility to choose, whether or not to use 
adjustment factors. 

Another part of the methodology was to decide the system boundary for benchmarking 
of Energy Performance Indicators (EPI). This Energy Performance Indicators or Specific 
Energy Consumption (SEC) relates energy use to a unit of physical production. Calculation of 
the EPI was based on the equation below, as well as Figure 12. (NEPAS, 2008) 

 

Where: 
• EPIout = Energy Performance Indicator used for benchmarking 
• Ee,in = Energy supplied to the production unit via electricity 
• Es,in = Energy supplied to the production unit via steam and/or hot water 
• Ef,in = Energy supplied to the production unit via fuel (gas, liquid, solid) 
• Eo,in = Energy supplied to the production unit via other energy sources 
• ŋe = Boiler efficiency electricity 
• ŋs = Boiler efficiency steam 
• ŋf = Boiler efficiency fuel 
• ŋo = Boiler efficiency other 
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• Api = Adjustment factor for product i 
• Pi = Volume of product i 

 

Figure 12 Presentation of the ExBESS EPI (NEPAS, 2008). 

For all sectors, except for the textile industry, the system boundary was set around the 
factory site, and benchmark methodologies were developed on level 1. Benchmarking on 
other levels normally gives more accurate options to benchmark similar processes, but the 
problem is often that SME companies don’t have monitoring equipment for energy use on 
specific processes. 

The textile industry was benchmarking on level 2 with the system boundary around 
the two separate processes; package-dying and drying (gas-fired). Options for adjustment 
factors related to diversity in products were developed based on experiences and regression 
analyses. The levels are presented in Figure 13. (NEPAS, 2008) 

 

Figure 13 Presentation of the ExBESS benchmarking level (NEPAS, 2008). 
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7.3 Results of the benchmarks 
Table 9 shows an overview of the benchmark results based on 213 companies within 

seven SME sectors. 
 

Table 9 Overview of the benchmark results 2004-2008. 

 

The benchmark database was anonymous and did not contain any company name. 
Hence, these indicators can then be compared to the "best practice" and energy performance 
of other companies within the same sector/benchmark-class. Individual companies 
participating in the benchmark scheme could easily and directly access their own benchmark 
results by a unique hyperlink. 

Most of the companies have reported data that make it possible to do adjustments 
related to product mix and boiler efficiency, but very few have reported data that makes it 
possible to do adjustments related to climate correction and utilization of capacity. 

7.3.1 Adjustment factors in laundry industry 
Based on regression analysis from 75 observations in Norwegian laundries adjustment 

factors for production mix, as shown in Table 10, were derived. 
 

Table 10 Adjustment factors for production mix in laundry industry. 

 

7.3.2 Adjustment factors in small breweries 

Mix of beer and mineral water 
If a small brewery is producing a mix of beer and mineral water, and if it’s impossible 

to isolate the energy used for brewing beer, it all can be converted into beer equivalents. From 
experience it is about 2.5 more energy intensive to produce 1 hl beer than 1 hl mineral water. 

hl brewing equivalent = (1 * hl brewing) + (1/2,5 * hl mineral water) 
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Additional adjustments 

A methodology for additional adjustment is published in Brauwelt International No 
2/02. This methodology has been used for worldwide benchmarking in 1999 and 2003 
between big breweries (more than 0,5 million hectolitres beer yearly). The Energy 
Performance Indicator (EPI) for final energy (purchased energy) is defined as: 

 

Where: 
• f1: adjustment factor for packaging mix – heat energy 
• f2: adjustment factor for packaging mix – electricity 
• f3: adjustment factor for climatic condition – heat energy 
• f4: adjustment factor for climatic condition – electricity 
• f5: adjustment factor for evaporation rate of wort boiling 
• f6: adjustment factor for high gravity brewing 

7.3.3 Adjustment factors in textile industry 

Dyeing process 
No fixed adjustment factors for production mix in the dyeing process in the textile 

industry were used when benchmarking the Energy Performance Indicators. Adjustment 
factors were suggested though for the total temperature difference of wet process and bath 
ratio (l water/kg textile):  

Api = ((ΔTc / ΔTd ) * (Rc / Rd)) 

Where: 
• ΔTc = Total temperature difference of wet process (company value) 
• ΔTd = Total temperature difference of wet process (default value = 100°C) 
• Rc = Bath ratio (l water/kg textile) – company value 
• Rd = Bath ratio (l water/kg textile) – default value = 10 

Drying process 
For convection drying, the most logical correction factor is the amount of water to be 

evaporated: 
Api = % of water to be evaporated (kg water/kg textile material) 

The benchmark is in other words not based on the energy used per kg of textile 
material, but per kg of water evaporated. 

7.4 Use of the (Ex)BESS benchmarking tool 
The benchmark application is widely used by the participating companies during the 

course of the (Ex)BESS-project. It was used by 76% of the users of the BESS toolkit, and 
proved to be one of the triggers to participate in the pilot. 

The ExBESS-project did however not have a sequel. Nor was the toolkit, including the 
benchmarking tool used by other industrial companies that did not participate in the pilot. 

At the of 2011, the toolkit was no longer supported and it was removed from the world 
wide web. 
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The experience of the (Ex)BESS benchmarking tool does however illustrate its 
challenging nature. The diversity of processes in SMEs makes it difficult to benchmark and a 
list of factors was needed to adjust for product mixes. These adjustment factors are very 
sector-or even sub-sector-specific and their determination is time consuming. Even then, a 
continuous improvement of the adjustment methodologies might be necessary. 

For all sectors, but one, all benchmarks were calculated on the level of the company 
(level 1). Only for the textile sector, benchmarks were calculated on the level of departments 
(level 2). Benchmarks could also be carried out on the level of individual processes (level 3), 
such as steam production, compressed air production. This could lead to more homogenous 
and comparable processes. This would at the other hand entail more metering in order to 
make an energy balance of the different processes in the company. 
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8. Emerging technologies and process integration 
Emerging technologies and process integration (methods and tools) is a very intricate 

matter, not the least a huge area due to the heterogeneity of industrial SMEs. In the following 
section, this is only discussed briefly, and only in relation to the author’s own experience.  

8.1 Subtask iv: Overview on emerging technologies and process 
integration (methods and tools) 

8.1.1 reMIND 
reMIND is a decision support software constructed to be able to model different types 

of industries under different specific conditions (Karlsson, 2011). It is based on the MIND 
method, which is an abbreviation of ‘Method for analysis of INDustrial energy systems’. The 
MIND method is based on MILP (Mixed Integer Linear Programming). reMIND has been 
used as decision support in several industries, e.g. the steel industry and the pulp and paper 
industry, but also attempts to use the software in SMEs has been done. It has been used to 
elucidate (1) the optimal operation strategy, i.e. how to operate the analyzed industrial site as 
cost-effectively as possible under the prevailing conditions, (2) whether the structure of the 
processes can be improved and (3) to investigate how different boundary conditions, such as 
changes in electricity and fuel prices, influence the system. Both economic and environmental 
aspects are possible to consider. 

The modelled industrial energy system is represented as a network of branches and 
nodes (see Figure 14). The branches represent flows of various types such as electricity, steam 
and material. The nodes are used to represent a single piece of equipment, a process line or a 
whole industry. Numerous functions are included in each node to describe the functionality of 
the specific node. Time is divided into time steps to consider the dynamics of the system, and 
each time step may represent, for example, hours and weeks. The special conditions at each 
industrial site are handled by generating a new model for each case studied. The model is 
represented mathematically as a matrix of equations, based on the simplification and 
delimitation of the problem. The model is optimized in an optimization solver to determine 
the best possible conditions for the analyzed industry. Usually, the system cost is minimized 
based on net present value calculations, but any type of resource may be minimized. The 
system cost includes all costs, for example investment costs and the cost of energy and raw 
materials, that are vital for the specific analysis of the system. It is also possible to optimize 
problems that include multiple criteria, for example environmental issues.  
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Figure 14 An example of a model built in the decision support software remind. 

8.1.2 Pinch/pro_pi 
The pinch technology is a widely used method to analyze complex industrial processes 

with the purpose of saving energy and money. It may be used both for grass root design and 
retrofit. The pinch technology answers questions such as: 

• How much heat must be added? 
• How much heat must be redrawn/extracted? 
• How much can be heat exchanged internally? 
• How to design a heat exchanger network? 

 
The pinch technology is thus a tool that deals with hot and cold streams in an 

industrial system and that arranges heat exchangers beneficially. Pro_pi is a tool based on the 
pinch technology and a screenshot from the software is shown in Figure 15. 
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Figure 15 An example of a result in the software pro_pi. 
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9. Concluding discussions 
The overall findings are that tools for energy audits, energy management and 

benchmarking directed towards industrial SMEs are scarce and not widely adopted by the 
SMEs where available.  

In this final chapter we highlight the major conclusions that were discussed at the 
workshop held at 5th June 2014 in Arnhem. The first one is whether benchmarking is really 
relevant for industrial SMEs. This is an important question because many countries are 
developing and/or adopting some kind of benchmarking tools as an instrument for improved 
energy efficiency. On one hand, benchmarking is a sound tool to find the relative position of a 
firm and thus to realize existing reduction potentials. On the other hand, the usefulness of 
such comparison depends on the appropriateness of the benchmark index. When 
benchmarking energy use per production volume of firms for example, it is less meaningful if 
their products are completely different. Similarly, using monetary indexes like energy use per 
profits, is also tricky because such index is affected by the market condition rather than 
energy conservation efforts alone. While finding an appropriate index is crucial to maintain 
credibility from SMEs, it is very difficult when there is a high degree of variety in process, 
products, activities or any chose index benchmarked. 

One way to tackle this challenge is to use several kinds of benchmarking indexes. This 
makes benchmark more reliable by providing several perspectives that compensate each other 
weaknesses. For example, the ENIG database in Sweden use several metrics, including energy 
use per product, per square meters, per capita. Another way is benchmarking individual 
process or facility, instead of benchmarking whole site or whole company. Examples include 
volume of air flow per kWh, etc. This approach is based on an understanding that 
benchmarking figures are less relevant on a company level and more relevant for a process or 
installation level, e.g. compressed air etc. The fact that results from BESS and ExBESS are 
not used operatively today after these projects have ended, is a sign that just a tool as such is 
of low value for industrial SMEs. However, SMEs often requires a simple message based on a 
simple index. To attract them it might also be important to stick to an aggregated index. 

The second point that was discussed was the importance of public funding for 
development of tools for improved energy efficiency in industrial SMEs. This is clearly 
demonstrated by the fact that many of the tools for benchmarking, auditing, and supporting 
EnMS adoption that are practiced in the project member countries are all developed by public 
funding. This would be partly because of the difficulty of establishing appropriate 
management/benchmarking methods and of bringing such efforts into viable business due to 
the existence of various market barriers to energy efficiency, e.g. high transaction costs or 
hidden costs for energy audits experienced by the audited companies. 

The third and last point is the importance of simplification when trying to enhance 
adoption of EnMS in industrial SMEs. SMEs often need more simple system descriptions and 
less documents because they do not have sufficient human resources compared to larger 
enterprises. Examples include EnMS Light for SMEs in Sweden, a similar EnMS Standard in 
Japan, and a guidebook “How to implement energy management in small and medium-sized 
enterprises - A guide with supporting tools”, developed in a joint Nordic project. German 
network programme LEEN, which is mainly directed for medium- to large companies, is also 
developing simplified management tools for SMEs. The same holds for Spain and a 
developed lighter EnMS for SMEs. 
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