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Abstract

Energy benchmarking is a powerful tool for defining energy
performance targets and for monitoring improvements in en-
ergy efficiency. While external energy benchmarks have inten-
sively been discussed, the use of internal benchmarks within
industrial companies has received little attention. Therefore,
the aim of this paper is to address internal energy bench-
marking and to provide insights on its application in practice.
For this purpose, a conceptual framework for systematically
structuring energy benchmarking activities is introduced. This
framework is then applied to summarize the energy bench-
marking practice of three companies from different industrial
sectors. The results underline that internal energy benchmarks
are used in many different ways within companies. They can be
helpful tools to monitor energy performance of sites, processes,
technical installations and other equipment, to verify whether
energy targets are met and to gain a better understanding on
the impact of energy efficiency measures. Yet this is only the
case if the energy benchmarks are individually tailored, if they
are adapted to their users, if they provide transparent informa-
tion and if they evolve over time.

Introduction

Benchmarking is “a planning and management instrument for
continuous improvement of the competitive situation” (VDI
4402, p. 2). It allows for a systematic and structured analysis
of weaknesses with the aim of permanently eliminating them
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(VDI 4402). Energy-benchmarking (or energy efficiency bench-
marking) is a special type of benchmarking activity focusing on
energy performance. Its purpose is to establish and to compare
energy efficiency between or within entities and to contribute
to a reduction in energy use and related costs and emissions
(DIN EN 16231). Typical goals of energy benchmarks are a) to
compare the energy efficiency of similar activities or entities,
b) to cluster them (e.g. most or least relevant ones), c) to provide
ranges for their energy demand, d) to derive estimates on energy
saving potentials, e) to identify best technical and organizational
practice and/or f) to design and implement policies to improve
energy efficiency and to reduce carbon dioxide emissions.

The majority of existing studies dealing with energy bench-
marking focuses on activities that can be referred to as external
benchmarking, i.e. a comparison of the energy performance
of entities to the performance of similar entities in other or-
ganizations. Little attention has been given on how industrial
companies use energy benchmarking internally, i.e. to analyze
the performance within a company. This type of benchmark-
ing, however, gains in importance with energy management
systems spreading to more industrial companies.

The aim of this paper is therefore to address internal energy
benchmarking in companies and to provide insights on the ap-
plication of such energy benchmarks in practice. These insights
originate from a working group on energy benchmarking es-
tablished within the framework of the German “Effizienzfab-
rik” (Mattes et al. 2012). In this paper, a structured presentation
of the energy benchmarking practice of three industrial com-
panies is provided. This presentation is based on discussions
within the working group, consisting of practitioners from in-
dustry, energy research as well as energy consultants.
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The paper is structured as follows: As a starting point, a brief
overview of different types of benchmarking approaches and
related standards is provided. This is followed by the introduc-
tion of a conceptual framework for presenting the benchmark-
ing practice of the three companies in a structured manner.
Then, their energy benchmarking practice is analyzed. This
presentation is followed by a discussion of insights from this
analysis and by final conclusions.

Studies and standards concerning energy
benchmarking

STUDIES ON INDUSTRIAL ENERGY BENCHMARKING

Literature related to energy benchmarking is abundant as this
topic is closely related to studies on energy intensity, energy
management and energy efficiency. Based on a sample of litera-
ture, a brief overview of different approaches to energy bench-
marking is given in the following.

Energy benchmarking can be a simple way for quick and
meaningful assessments of energy performance as compared
to comprehensive energy audits or engineering studies (Galit-
sky et al. 2005; Hicks et al. 2001). Depending on the goal of an
analysis, energy benchmarking is used to analyse the energy
performance at various levels of disaggregation. Energy bench-
marking studies for industry address among others a) entire
sectors or subsectors, b) plants, sites or installations or ¢) spe-
cific processes or sub-processes.

Energy benchmarking at the sectoral level has been used
by Phylipsen et al. (2002) to estimate the effect of the Dutch
Energy Efficiency Benchmarking Covenant on energy demand
and carbon dioxide emissions, for example. Another sectoral
approach to energy benchmarking is used in Ramirez et al.
(2003) who deal with energy intensity indicators for various
non-energy intensive industries at the example of the food in-
dustry. Similarly, Saygin et al. (2011) use a benchmarking ap-
proach to conduct an analysis of energy-intensive industries
both in industrialized and developing countries. Aaserud et al.
(2013) analyse subsectors in the manufacturing industry in the
state of New York and Chan et al. (2014) study the energy in-
tensity of energy-intensive industries in Taiwan.

Studies concerning plants, sites or installations include en-
ergy benchmarking approaches as used in the context of the US
ENERGY STAR program (Boyd et al. 2007; Boyd et al. 2013), in
the studies by Adelaar et al. (2005) on textile plants in Canada,
in the works by Hasanbeigi et al. (2010) on the Chinese cement
industry, in the analysis on the animal feeds sector in France by
Lucas et al. (2012) or in the self-assessment benchmarking tool
for wineries described in Galitsky et al. (2005).

With regard to benchmarking activities for processes, Radgen
(2005) introduces an internet-based energy benchmarking ap-
proach for compressed air systems. Taranto et al. (2007) dis-
cuss the use of real time monitoring to benchmark the energy
performance for such systems. And furthermore, Tschudi et al.
(2001) deal with the energy performance of clean rooms. Be-
sides, there are various approaches that strive to further disag-
gregate processes. Laurijssen et al. (2013), for example, conduct
a benchmarking study on various processes in paper mills in
the Netherlands. Ruth et al. (2001) use a process-based energy
benchmarking approach illustrated at the example of the ce-
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ment and the iron and steel industry and Ke et al. (2013) intro-
duce a process-oriented energy benchmarking approach from
the perspective of systems engineering. While such process-
based analyses help to overcome problems of incomparability,
they may also require considerable effort which may come at the
detriment of quick and simple benchmarking results (Schmid
2004).

Next to these studies, there are others that focus on specific
segments of industry. Especially small and medium-sized com-
panies (SMEs) have been addressed in several studies. In the
European BESS project (Benchmarking and Energy manage-
ment Schemes in SMEs) (Wajer et al. 2007a; Wajer et al. 2007b),
for example, a benchmarking and energy management scheme
was developed for industrial SMEs with a focus on the food
and drink industry. This approach was subsequently expanded
to new member states and additional sectors in the (Ex)BESS
project (Tajthy 2009). Similarly, a study by EWT (2010) focuses
on energy-related indicators for small and medium companies
in Austria. Another focus on SMEs in found in IREGIA (2009)
where energy-benchmarking is used as a core element for de-
veloping a harmonized approach to improve energy-related
competences in SMEs.

The cited studies mostly focus on external energy bench-
marking activities, but they do not provide detailed insights
on how energy benchmarks are used within companies. Thus,
there is a need for additional information on this practice.

STANDARDS RELATED TO ENERGY BENCHMARKING

The use of energy benchmarks within companies is especially
influenced by the harmonized international standard for en-
ergy management systems ISO 50001:2011. In addition, the
energy efficiency benchmarking methodology described in
EN 16231:2012 provides further guidance on how to imple-
ment and use energy benchmarks.

Energy management systems according to ISO 50001

The international standard on energy management systems
ISO 50001:2001 was introduced in June 2011, thereby replac-
ing various regional and national approaches to energy manage-
ment systems. Since its introduction, ISO 50001 has considerably
gained in importance. According to ISO (2014), approximately
2,000 certificates were issued until the end of 2012, with Ger-
many, Spain and Denmark as leading countries in terms of
numbers. ISO 50001 specifies requirements for establishing, im-
plementing, maintaining and improving an energy management
system that aims to systematically achieve a continual improve-
ment in energy performance of an organization. The standard
is based on the Plan-Do-Check-Act (PDCA) cycle as used in
other management system approaches such as ISO 9001 on
quality management and ISO 14001 on environmental manage-
ment. Within this system, the organization has to commit itself
to improve its energy performance by stating an energy policy, to
establish an energy planning process, to implement the planning,
to monitor its impact, to take corrective action if required and
to review the management system. As part of energy planning,
the organization has to develop, record and maintain an energy
review, to define an energy baseline and to monitor and measure
its energy performance by the use of energy performance indica-
tors. Thus the use of energy management systems according to
ISO 50001 is closely related to internal energy benchmarking.
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Figure 1. Benchmarking model based on EN 16321:2012.

Energy efficiency benchmarking according to EN 16321

A more specific approach to energy benchmarking is provid-
ed by the European standard EN 16231 on energy efficiency
benchmarking introduced in 2012. It aims to provide organiza-
tions with a methodology for analysing energy data to compare
energy efficiency between or within entities. The methodology
of the standard is based on four steps (Figure 1). They include
the purpose and planning of the benchmarking, the related
data collection and verification, the data analysis and finally
reporting. An optional fifth step concerns monitoring and tak-
ing corrective actions.

The standard mentions important aspects that have to be
considered during benchmarking, but it is rather concise and
provides only general instructions on how to design and use
energy benchmarks. For example, it requires organizations to
work with specific aims, target groups, entities, correction fac-
tors and comparable data. Due to its generic nature, the stand-
ard only provides rough insights, if any, on how to deal with
such aspects in practice.

A conceptual framework for energy benchmarking
For providing structured insights on how internal energy
benchmarking is dealt with in practice, a conceptual frame-
work is introduced. This framework has been derived from
practice and is based on discussions within the working group
on energy benchmarking. The aim of this working group was
information exchange on energy benchmarking practice of
industrial companies. The discussions in the group quickly
revealed that the introduction of energy benchmarks can be
beneficial for companies. Yet experience from practitioners
also indicates various challenges and pitfalls that companies
have to be aware of when implementing energy benchmarks.
To present energy benchmarking in the participating com-
panies, the group selected four interrelated topics dealing with
the following questions:

e Aim and user: Why does a company introduce energy
benchmarking? Who/which function in the company uses
information from the benchmarks? What purpose is the in-
formation used for?

¢ Object: Which activities or entities are analyzed in the
benchmarks?

¢ Performance indicators and factors of influence: Which
energy performance indicators or metrics can be used for
the benchmarks? How are they influenced by other factors
and how to deal with this influence?

¢ Data acquisition and analysis: How often is it necessary to
sample data? Where and how often does it have to be col-
lected and analyzed?

In the following, each of the topics is described more closely
based on views expressed in the working group.

AIM AND USER

A starting point when dealing with energy benchmarking is
clarifying what energy-related aim it is used for and who actu-
ally uses the information it provides. Both questions are closely
interrelated because the aim of the benchmarking activities
depends on the role or function of the user in the company.
Discussing this aspect in the beginning is important as the aim
and the user determine the subsequent design of the bench-
mark and influence the selection of the benchmarked objects,
the choice of performance indicators, the way how factors of
influence are dealt with as well as the setup of data acquisition
and analysis.

For users in strategic planning like top management, for ex-
ample, the main aims of energy benchmarking are to analyze
aggregated historic energy performance of the company, to de-
fine long-term overall performance targets for the future and
to create framework conditions that these targets are achieved.
For users on operational levels, benchmarking focuses on mon-
itoring the actual short-term energy demand of a machine and
serves to implement corrective action to adjust energy demand
if needed (e.g. by modifying operating parameters). Thus, it is
necessary to distinguish benchmarks for different user groups
clearly and to align benchmarks to their aims. Some sample
user groups and their aims in industry are summarized in Ta-
ble 1. Of course, both users and aims will vary from company to
company and depend on factors such as their size, their energy
intensity or their energy costs.

OBJECT
With aims and users clarified, it is necessary to discuss the ob-
jects or entities that are analyzed by the energy benchmarks.
They include among others products, processes, machines,
equipment, technical installations, buildings, areas or sites. The
selection of the objects depends on the users and their aims and
is closely linked to the type of benchmark that is used. These
types include benchmarks based on past performance, on ref-
erence values and on comparisons of multiple objects.
Benchmarking the energy performance of a single object
against its past energy performance is a relatively simple way
of benchmarking. A typical aim associated with this type of
benchmark is to monitor the relative improvement in energy
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Table 1. Examples of user groups and aims in energy benchmarking.

5. THE ROLE OF ENERGY MANAGEMENT SYSTEMS, EDUCATION ...

User group Aims

Top management

development of the energy strategy of the company; analysis of past energy performance;
information acquisition for the definition of long-term energy targets and for establishing general
programs to improve energy performance in the company

Site management

analysis of energy demand at the site; breakdown of long-term energy targets into short-term
targets and sub-targets for sites and areas; implementation of local efficiency improvement
programs; review of site performance data

Shop floor worker

general monitoring of energy efficiency of machines and processes; condition monitoring;
implementation of corrective action and adjustment of operating parameters

Efficiency team

monitoring of energy demand to identify energy efficiency measures; enforcing the implementation
of specific measures as corrective action; sensitizing of other staff members

Energy management

specific and cross-cutting monitoring of short, medium and long-term energy performance on
different levels; design and implementation of the specific programs to improve energy
performance; development of metrics; energy reporting to management

Controlling

follow-up of energy performance in the company; aggregation of information on energy
performance for energy/general management; prediction of energy demand for purchase

performance over time, e.g. to verify whether a target for im-
provement has been achieved. Establishing this type of bench-
mark requires that the energy performance of the object has
been monitored for some time (e.g. hours, days, years). As this
type of benchmark is based on the analysis of a single object,
it reduces problems that arise when comparing several similar
but not perfectly corresponding objects. However, the use of
time series for benchmarking is always subject to the risk of
structural shifts (e.g. new processes are introduced at a site).
When such shifts occur, the benchmarking results may no
longer only reflect changes in energy performance, but they
partially mirror the effects of the shifts as well.

A second way of analyzing the energy performance of a single
object is to compare it to some reference value. The aim of such
benchmarks is to analyze the distance from this value. There are
many references that can be used for benchmarking including
theoretical minima (e.g. due to physical constraints), modelling
results (e.g. the energy demand according to an energy demand
simulation) or best practice values (e.g. the consumption under
reference conditions). This type of benchmarking requires that
both the energy performance of the object is monitored and
that reference values can be determined. The challenge of using
this type of benchmark is to find a suitable reference value for
the benchmarking.

A third way of using energy benchmarking is to compare the
energy performance of multiple similar objects to each other
(e.g. homogeneous products, machines, production lines, build-
ings, sites). Typical aims served by this type of benchmarking
are to rank objects by their performance, to sort them into
groups or to identify the spread between the best and worst per-
forming object. The application of this type of benchmarking
obviously requires analyzing or monitoring several similar ob-
jects at a time. While in the first mentioned type, the challenge
lies in the change of the object over time, this multi-object type
of benchmarking has its challenge in overcoming differences
between not perfectly corresponding objects. Thus, this type
of benchmarking will always reflect differences in the energy
performance of an object as well as other differences between
the objects.

As pointed out, all these types of benchmarking approach-
es come along with some challenges. In practice, users often

rely on combinations of these three types of benchmarks, e.g.
benchmarks based on past performance and benchmarks with
multiple objects.

METRICS AND FACTORS OF INFLUENCE

After discussing the users, aims and objects of energy bench-
marking, suitable metrics or energy performance indicators
(EPI) have to be identified. EPI should allow users to analyze
the energy performance of the considered object or objects as
transparently and objectively as possible to provide helpful
conclusions. The EPI can be considered as helpful if they allow
the users to reach their energy-related aims. This is either the
case if the benchmarks allow identifying inefliciencies or if they
trigger further investigations on why certain results point into
one direction or another.

The main challenge when defining suitable EPI lies in the sep-
aration of helpful information on the actual development of en-
ergy performance from other factors of influence that affect the
benchmarking results but that are irrelevant for the aims of the
users (Table 2). This separation requires a careful examination
as EPI bundle complex, real-world information into strongly
aggregated figures. Finding a suitable separation between help-
ful and irrelevant information is complicated and rendered even
more complicated by changes in the framework conditions. If
for example a) the production programme is altered, b) when
stand-by periods of production sites are changed, or ¢) when
production volumes increase or decrease, benchmarking results
will change as well. This does, however, not necessarily indicate
any change in the energy performance of the monitored objects.
Therefore, such factors of influence should be eliminated from
EPI. If this is not possible (e.g. because it is too complex or if
corresponding data for historic time series is not available), ad-
ditional information has to be provided along with the energy
benchmark to help users with the interpretation of results.

DATA ACQUISITION AND ANALYSIS

The last step concerns data acquisition and analysis. Evidently,
the data required for setting up benchmarks depends on the
above-discussed topics. Data acquisition in companies usually
does not start from scratch. In an ideal case, defining the re-
quired data usually includes the following steps:
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1. Based on the set of requirements from the previous analysis,
data requirements have to be stated.

2. Already existing and collected data has to be summarized

3. A gap-analysis between required and existing data has to be
carried out to identify additionally required data.

4. Tt has to be determined in how far the required data can be
provided with available funds.

An important question linked to data acquisition and analysis
is how to obtain missing data best and how to analyze it. Data
acquisition and analysis can be based on manually operated
and automated benchmarking systems. Both approaches have
specific advantages and disadvantages as listed in Table 3.
Independently of the specific solution, it is important to
note that energy-benchmarking systems are dynamic sys-
tems that evolve over time. Experience shows that compa-
nies will only rarely develop a comprehensive concept for
energy benchmarking from the very beginning. They will
rather gradually pass through several stages of development
as sketched in Table 4. As an extension of the use of energy

Table 2. Examples of influential factors affecting energy benchmarks.
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benchmarks usually means to extend system infrastructure
successively, it is crucial to consider reserves for future exten-
sions right from the start.

Implementations of energy benchmarking in practice

Based on the outlined framework for energy benchmarking,
this section illustrates energy benchmarking activities in com-
panies from metal processing, the automotive and the rubber
and plastics industry. For each company, a summary of their
energy management activities is provided first and then infor-
mation is given on how they structure and use their energy
benchmarking activities using the framework described above.

WESO-AURORAHUTTE GMBH

WESO is a member of Viessmann Group and a manufac-
turer of iron casting products with an annual output of about
30,000 tons, about 400 employees and an annual turnover of
over 60 million Euros. The company is certified and audited
according to several environmental and quality management
standards. Since 2012, this includes a certification according

Factor

Factor

Product-related factors (e. g. number of pieces, weight, length,
volume, material)

Organizational factors (e.g. shift model, staff at site, frequency
of energy analysis)

Process-related factors (e.g. operating time, cycle time,
speed, number of different setups, quality rate)

Personnel (e.g. user behaviour, intensity of instruction and
education, presence of specialized staff members)

Ambient conditions (e. g. external and internal temperature,
humidity, pressure, light)

Location-specific factors (e.g. area, space, refurbishment, age
of equipment, status of supply infrastructure)

Production structure (e.g. degree of vertical integration,
product segments, number of different products)

Economic factors (e.g. turnover, production costs, energy
costs)

Table 3. Advantages and disadvantages of automated and manual data acquisition.

Manual data acquisition

Automated data acquisition

Advantages High degree of flexibility

Little or no investments

High resolution (time, disaggregation)
High quality of documentation

Disadvantages | Intensive in terms of personnel

Rough resolution as limited number of data points
Competence requirements for proper acquisition

Limited to predefined assessments
Costs for infrastructure, integration and operation
Competence requirements for proper operation

Table 4. Evolution of energy benchmarking systems.

energy carriers and simple EPI

Phase Orientation Expansion Maturity

Focus Gathering first experience with Expansion of energy Anchoring, reviewing and
energy benchmarking benchmarking in the company adjusting energy benchmarking

User Test user Pilot users in several areas of Established user groups in all

the company areas of the company

Object Selection based on readily General consumption and pilot General consumption and all
available data applications relevant applications

Metric Consumption data of main Elaborated EPI for overall and Elaborated EPI within an overall

pilot applications

performance monitoring system

Data acquisition Manual data acquisition

Semi-automated data acquisition

Comprehensive automated data
acquisition

Data analysis Analysis as required

Regular manual and semi-
automated analysis

Regular systematic analysis and
automated reporting

ECEEE INDUSTRIAL SUMMER STUDY PROCEEDINGS 641



5-054-14 SONTAG ET AL

to ISO 50001. The first centralized energy control system for
collecting, visualizing, analyzing and archiving energy data was
established in the mid of the 1990s. Since then, energy manage-
ment activities were successively extended. The responsibility
for energy management lies with maintenance due to historical
reasons. As a mean to introduce and maintain a continuous
improvement of energy management, the company has a dedi-
cated energy manager. In addition, an energy efficiency team
supports his activities. Energy purchase and management are
part of an overall central energy management system of the
Viessmann Group.

An overview of the energy benchmarking activities of WESO
is summarized in Table 5. As outlined in the conceptual part of
this paper, several user groups in the company use information
from the benchmarking. Top management uses benchmarking
as a basis for evaluating the energy performance and targets
in the company. These targets are followed up in different ar-
eas of the company. On the level of processes and equipment,
benchmarking is used to analyse and compare energy efficiency
and to perform condition monitoring. The task of the energy
efficiency teams is to provide skills and knowledge to the other
staff members and to sensitize them for energy-related issues.
The most energy-relevant processes in the company are the
melting process, the molding, blasting and de-dusting plants,
compressed air generation, process and building heating, drives
and general lighting. Primary energy carriers in the company

5. THE ROLE OF ENERGY MANAGEMENT SYSTEMS, EDUCATION ...

include foundry coke, electricity and natural gas. As electricity
costs have a comparatively high share in overall costs, they are
in the focus of analysis. With regard to metrics, a central EPI
in the company is the energy demand per ton of good product.
Other indicators include the overall produced products, costs,
turnover and other values. Due to the heterogeneity of the
products, benchmarking is usually based on past performance.
Where applicable, reference values are used as well. For data
acquisition and analysis there is no general rule. All energy-
data is however stored in a dedicated energy module within a
larger database system that can be flexibly retrieved and used
for the required analyses.

ADAM OPEL AG

Opel is one of the largest car manufacturers in Europe with
about 37,000 employees at eleven sites and sales of more than
one million cars and light-duty vehicles in Europe in 2012.
Opel is among others certified according to ISO 14001 with
an ongoing certification process for energy management ac-
cording to ISO 50001. Opel is aiming at a reduction of energy
demand due to rising energy costs and environmental concerns
for quite some time. Monitoring became especially important
during the economic crisis of 2008 when the specific energy
costs per car drastically increased due to a drop in production.
After labour costs, energy costs are the second largest block of
costs that can be influenced by Opel. Opel’s holding company

Table 5. Structure of energy benchmarking at WESO.

User Top Areas in the Processes and Staff Maintenance Energy
management company equipment (shop floor) efficiency team
Aim Compliance with | Compliance with | Identification of Awareness Optimization of Local multiplier
energy policy; targets; efficiency and raising; operating providing skills
basis for identification of energy corrective conditions; and knowledge;
valuation; target | saving potentials optimum; action maintaining grid identification of
definition; cost general quality potentials
reduction comparison
Object Primary and Primary and Energy Generally Consumption of All relevant
secondary secondary consumption of relevant equipment; energy
energy carriers; energy carriers every energy objects quality of supply consumption;
areas in the in the area; carrier; process | directly at the networks load curves
company energy intensive data workplace
processes and
equipment
Metric Ton of good & Ton of cast iron; Theoretical Number of Output of All relevant
produced cast number of minimum; share pieces; products; share reference
iron; energy pieces; process of stand-by process time; of base load values
costs time; operating operating
hours hours; share
of stand-by
Data Main measuring Measuring Measuring Workplace in | Main measuring All relevant
acquisition | point(s) of every points at the points in the general points(s) of measuring
energy carrier; equipment and process per every energy points; ERP;
ERP processes in this | energy carrier; carrier; process process control
area process control control systems systems
systems
Data Daily to annual; 15 minutes to Real-time; Real- Real-time to Real-time to
analysis mainly monthly; mainly automated time/shift; annual; mainly annual;
automated, automated mainly automated, automated and
sometimes automated sometimes manual
manual manual
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GM has issued an overall target for 2020 to reduce worldwide
specific energy demand per car by 20 % until 2020 as compared
to 2010.

The energy management system of Opel has several levels.
On a top level of energy management, an “energy and util-
ity service group” develops strategies, it defines annual and
monthly energy targets and breaks them down into energy tar-
gets for individual sites. Other responsibilities of this group in-
clude the collection, analysis and reporting of energy demand
to technical management once per month, the coordination of
benchmarking activities and best-practice sharing as well as
European energy purchase. On the level of a site, a “site utility
manager” coordinates the energy-related activities occurring
there. This includes a breakdown of site targets to the produc-
tion areas, the coordination of energy saving activities and the
provision of locally produced energy like heat and compressed
air. On the level of each production area, there is a staff member
for energy-related issues, usually belonging to maintenance.
His tasks include suggesting measures for improvements and
to sensitise shop floor workers to energy related issues.

These and other users in the company use information from
energy benchmarks (Table 6). Main energy carriers covered
there are electricity, gas oil and heat. Corresponding central EPI
for Opel are based on the energy consumption per car or unit.
The above mentioned overall target value is translated to tar-
gets for individual sites and areas. Reporting at the level of sites

5-054-14 SONTAG ET AL

generally takes place on a monthly basis. Experience of Opel
has shown that older production sites can compete with newer
sites in energy benchmarks if they have a sufficient discipline to
shutdown consumers when not needed. However, due to differ-
ences in vertical integration, in supply infrastructure and due
to differences in the structure and age of production equipment
and buildings, a direct comparison of energy performance is
not considered as a suitable option for benchmarking.

FREUDENBERG SEALING TECHNOLOGIES GMBH
Freudenberg Sealing Technologies (EST) is one of the leading
suppliers for sealing technology with 22 sites in Europe, about
13,000 employees and an annual turnover of about 1.7 bil-
lion Euros. The continuous improvement of energy efficiency
in the company is based on the FST-Energy-Saving-Cycle. This
approach spans all 22 sites of FST and includes workshops, self-
evaluations of sites, site-specific programs, a monthly cross-site
monitoring and knowledge transfer between sites. A certifica-
tion process according to ISO 50001 is currently ongoing.
Since 2009, the electricity demand of each site is monitored
and benchmarked. The corresponding monitoring system
aims at a transparent analysis of energy demand and it is used
for planning, monitoring and controlling energy-efficiency
measures. The aggregate information is also used by manage-
ment for defining energy performance targets. Next to these
users, there are different other groups that use benchmarking

Table 6. Structure of energy benchmarking at Opel.

User Top Central energy Central energy Site Utility Staff member Staff
management management management Manager for energy in (shop floor)
area
Aim Reduction of Calculation of Analysis of Reduction of Reduction of Sensitizing staff
energy costs; annual energy current energy consumption; consumption; members;
compliance demand targets efficiency and follow-up of site achievement of | enforcement of
with energy (based on long- | progress of sites | and area targets area targets; organizational
targets term targets) enforcement of energy saving
und follow-up of discipline for measures
targets energy-savings
Object Monthly/annual | Monthly/annual Hourly Monthly/energy Monthly energy Information for
energy energy consumption consumption consumption staff members;
consumption consumption values; per vehicle/unit, per car/unit; best practice;
per vehicle and per production averages of site and area; energy saving behavioural
site and output consumption energy saving projects rules;
throughout during and projects visualization
Europe outside
production
Metric Number of Budgeted and EPI on Number of Number of units; Number of
produced cars current consumption produced process time; information
production compared to vehicles resp. operating hours; (internal
schedule average motors and share of stand- brochures,
production gears by group sessions)
Data Monthly Monthly Interval data Monthly Sub-metering Production
acquisition demand per demand per from suppliers demand and per energy areas; site
energy carrier energy carrier or measuring sub-metering carrier
points / energy per energy
management carrier
Data Monthly Once a year; Weekly/when Monthly Real-time to Several times
analysis monthly follow- required shift; mainly per year/when
up automated required
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Table 7. Structure of energy benchmarking at FST.
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User Top Controlling Energy Maintenance General staff Energy efficiency
management purchase team
Aim Target Accounting Estimation of Condition Sensitizing Identification of
definition control future energy monitoring saving potentials
demand
Object Electricity All forms of Electricity/ Machine/ All forms of All forms of
energy heating/ process/ energy energy
cooling equipment;
electricity/
heating/cooling
Metric Energy Invoices/energy Energy Specific for Energy analysis Energy analysis
analysis analysis analysis machine/
process/
equipment
Data Central Central Central Local Central and local | Central and local
acquisition
Data Quarterly Annual Annual Continuous Quarterly/ Monthly
analysis annual

information within the company (Table 7). The focus of the
benchmarking activities is on electricity demand as this adds
up to about 80 % of the overall energy demand at FST. A cen-
tral EPT at FST is therefore the specific energy consumption
per production cost. Overall site benchmarking information
is collected on a monthly basis. Due to the heterogeneity of
the production sites, no comparison between individual sites
is carried out. Nevertheless, a historic benchmark is provided
at a site and at aggregate level. This information is also used for
sensitizing staff members.

Discussion
The application of the framework in the different companies
illustrates that internal energy benchmarks are used in dif-
ferent ways. Some users in the companies apply benchmarks
to monitor long-term strategies, others use it to analyse the
development of energy performance for tasks closer to the op-
erational level. This underlines the necessity to have a differ-
entiated view on internal benchmarks when discussing them.
Furthermore, it can be noted that despite the heterogeneity of
the analyzed companies, there appear to be many similarities
in how they use energy benchmarking - at least at the level of
disaggregation that is considered in the analysis. The compa-
nies have, for example, similar user groups, aims and objects as
well as approaches for data acquisition and analysis. The energy
performance indicators, on the contrary, appear to depend on
the specific activities of the companies. Yet it has to be noted
that the commonalities may partly be a result of the common
discussions in the working group and the common structure
of the analysis.

In addition to such similarities in the description of the
benchmarking activities, the following overall observation
were made by the working group:

e Firstly, energy benchmarks should be oriented towards their
users: If energy benchmarks shall provide helpful informa-
tion to users, it is required to know the user and what he
does with the results of the benchmarks. Otherwise, bench-

marks may provide insufficient or in the worst case mislead-
ing information.

¢ Secondly, energy benchmarks require transparent informa-
tion: If users are meant to take reasonable decisions, they
have to be able to understand how an EPI was derived and
what information it contains. If it is not possible to eliminate
certain factors of influence from the EPI, the EPI should be
accompanied by additional information describing effects
that were not being eliminated.

¢ Thirdly, energy benchmarks are individual solutions: To a
certain degree, it is possible to set up energy benchmarks
across several companies using common guidelines. How-
ever, the level of detail and complexity considered in an en-
ergy benchmark are depending on the specific conditions in
a company. Every company has to find an individual balance
between benefit from the benchmark and the effort for set-
ting it up and using it.

¢ Fourthly, energy benchmarks are living systems: In general,
there are no stable or optimal implementations of energy
benchmarking. They are always subject to changes in frame-
work conditions and they have to evolve continuously to
keep up with these changes.

With regard to the conceptual framework, its main benefit de-
pends on its ability to provide insights on energy benchmark-
ing practice in industrial companies. The framework has been
derived from discussions on real-world energy benchmarking
practice. Given that it was applicable to three companies of
different industrial sectors, it likely allows covering the most
important issues related to energy benchmarking practice in a
structured way. It furthermore shows how some issues gener-
ally mentioned in EN 16231 can be implemented in practice.
In this sense, it can help practitioners to gain a better under-
standing of energy benchmarking practice in general and to
structure their own energy benchmarking activities in their
companies, if needed. As the framework originates from prac-
tical experience and discussions on a working group, there is
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of course still much room left for additional research on how
to extend it, how to refine it and how to further link it into
theory. Nevertheless, it can serve as a first step to discuss en-
ergy benchmarking practice in industrial companies in more
detail.

Conclusions
In this paper, internal energy benchmarking in companies
was addressed and insights on the use of these benchmarks in
practice were provided. For this purpose, an overview of lit-
erature and standards was given and a conceptual framework
to structure energy benchmarking practice in companies was
introduced. Based on this framework, it was possible to out-
line the energy benchmarking practices of three heterogeneous
companies in a structured manner. The use of the framework
can help practitioners to better understand their own energy
benchmarking activities on the one hand and it may serve as
a basis to structure energy benchmarking practice of compa-
nies on the other hand. In general, the analysis of benchmark-
ing practice indicates that energy benchmarks in companies
have to be analyzed and discussed from different perspectives.
Suitably designed energy benchmarks can be helpful tools to
monitor energy performance, to verify whether energy targets
are met and to gain a better understanding on the impact of
energy efficiency measures in practice. Yet this is only the case
if the energy benchmarks are individually tailored, if they are
adapted to their users, if they provide transparent information
and if they evolve over time.

In addition, the practitioners in the working group pointed
out some specific challenges that have not sufficiently been ad-
dressed:

e First, the costs and benefits of energy benchmarks seem to
be largely unexplored. On the one hand, there is practically
no limit for adding details to benchmarking systems. With
the level of detail, the effort for data acquisition and analysis
increases. Yet additional details only provide marginal ad-
ditional benefits. It remains unclear how to find the most
suitable level of detail for energy benchmarking systems.

¢ Secondly, it remains open how to best link EPI to other per-
formance indicators or other benchmarks that are already
established in companies.

e And finally, along with the aggregation of complex real-
world data into single EP]I, there is a risk to loose essential
information to fully understand the meaning of an EPI.
While it is possible to improve the quality of EPI by elimi-
nating factors of influence or by supplementing information
to the benchmarks, it is difficult to determine the suitability
of certain EPI for specific objects. Therefore, there is a need
to determine and assure robustness of EPI.

These challenges may serve as a basis for future research activi-
ties.
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