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Abstract

How can industrial users be convinced to retrofit their exist-
ing motor systems? An analysis of 4,142 motors in Switzerland
shows that 56 % of these have been running twice as long as
their operating life expectancy. This suggests there is barely
any continuous improvement process for replacing old, mostly
oversized, and inefficient motor systems. Since 2010, the Swiss
Agency for Efficient Energy Use (S.A.EE.) has led “Easy;” a
Swiss audit program for motor systems efficiency paired with
financial benefits. To date, the electric motors of ten factories
have been analyzed. Factories went through a four-step audit
program called Motor-Check. The Motor-Check includes four
phases: 1) an estimate of the motor systems’ savings potential,
2) a list of all relevant motor systems, 3) a focused electric
load-measuring campaign leading to a cost-benefit analysis,
and 4) the implementation program of the most cost-effective
energy efficiency improvements. The implementation of sev-
eral cost-effective energy savings in electric motor systems is
currently ongoing.

During the first three years of Easy, six key issues were
identified:

e A better understanding of strategic aspects involved in the
decision-making process is necessary to influence efficiency
investment decision-making in organizations.

¢ Training is needed to develop the skills, capacity and respon-
sibility of in-house industry personnel essential to imple-
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menting and maintaining a sound energy management sys-
tem (based on ISO 50001 and on the Motor-Check method).

¢ Inorder to improve the quality of energy management in in-
dustry and to increase the level of positive decisions regard-
ing energy-eflicient motors, the decision making process of
energy efficiency investments has to be better understood.

¢ The necessary preparatory analyses and engineering have to
be improved, shortened, and provided at a lower cost.

e Subsidies are a good starting point to open the door for au-
dit and to support regular improvement measures.

¢ Motor manufacturers, original equipment manufacturers,
and service companies need to be trained to better promote
energy efficiency and explain its benefits to their clients; it
is beneficial to their business and both parties eventually
benefit from energy-efficiency measures.

The aim of this paper is to explain these findings in further
detail and to discuss approaches to possible solutions.

Introduction
The Swiss Agency for Efficient Energy Use (S.A.EE.) has been
working on electric energy efficiency in industry since 2007.
An analysis at 25 industrial and infrastructure plants has shown
that 87.8 % of the total electricity consumption of a plant is due
to motor systems (see Figure 1). This number is higher than the
70 % average share of motor systems’ electricity consumption
in industry on the global scale, as suggested by literature [2].
The analysis highlights the huge potential contribution of
motor systems to reducing industrial electricity consumption.
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Share of motor electricity consumption in industry

Number of examined firms: 25
Total electricity consumption: 691.0 GWh/a
Electricity consumption motors: 606.7 GWh/a
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Figure 1. Share of electricity consumption of motor systems in Switzerland. Source: S.A.F.E., 2014.

According to [2], the savings potential of motor systems is
between 20 to 30 %.

In 2010, S.A.EE. launched Easy (“Effizienz fiir Antriebssys-
teme,” or Efficiency for Motor Systems), an audit and retrofit
program aimed at assessing and improving electric motor sys-
tems in the Swiss industry, paired with financial benefits. The
program has an overall budget of 830,000 euros. It is financed
through a surcharge on the electricity tariff, and runs for four
years, until 31 October 2014. It targets industrial and infra-
structure plants and large buildings with electricity consump-
tion higher than 10 GWh/a. S.A.EE. set 10 GWh/a as the lower
limit for program participation, equivalent to one million euros
in electricity cost per year, so that the annual savings of electric-
ity cost within one plant is clearly higher than the minimum
cost of the audit.

The paper is organized into four sections: the first two sec-
tions describe the goals and the structure of the Swiss audit
program for motor systems efficiency coupled with financial
benefits, “Easy”. The third section describes the best solutions
identified by Easy as capable of accelerating the replacement
of old motors in the Swiss industry. The fourth section briefly
discusses the major lessons learned in the first three years of
the program. In conclusion we formulate some recommenda-
tions.

Goals

The following goals have been included in the design of the
Easy program:

1. Energy-efficiency measures focus on electricity as this is the
field where the most acute lack of know-how has been ob-
served. The highest share of electricity in industry is used in

rotating machinery (pumps, fans, compressors, mechanical
traction and process machines).

2. Financial incentive proposed by the program serves primar-
ily to “open the door” for the necessary analysis and to im-
plement a systematic four-step Motor-Check audit program
(see below).

3. The primary barriers to overcome are the high up-front
time and cost for the necessary analysis and engineering
of efficient systems and technologies. The explicit goal of
the program was to overcome these barriers by providing a
larger share of subsidies for the preliminary analyses.

4. Real, lasting and large energy savings come from system im-
provements, which are by nature more complex than simple
changes of single components. Easy wants to take on the
challenge of making new inroads on these tied up saving
potentials.

5. Industries learn how to search for and implement energy ef-
ficiency measures in their own facilities with new tools and
their in-house capacity. They are empowered to continue and
expand a systematic annual review and improvement process
after some initial training and a pilot audit with Easy.

6. Build-up of a database of systematically analyzed and/or
measured motor systems in order to gain statistical evidence
for the best practice.

Program sequence

The program follows the Motor-Check methodology, previ-
ously developed by S.A.EE. [3]. The Motor-Check consists of
four steps. The first three steps are composed of preliminary
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Sequence

I.I.I.I
I.I’I-I
I‘I.I-I

* min. 25 %, max. 75 %.

Figure 2. Easy four-step audit. Source: S.A.F.E., 2014.

Measures
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Subsidy

Motors are too old

56% of motors are already older
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Figure 3. Analysis of 4,142 electric motors in Switzerland. Source: S.A.F.E., 2014. Operating life expectancy according to [4].

analyses, with the fourth step being the implementation of
some efficiency measures identified (see Figure 2). S.A.EE. ac-
knowledged that while the preliminary analyses are necessary
for exploiting the savings potential to the fullest extent, they are
also cost- and time-intensive, thereby constituting a barrier for
the industrial users.

Until now, S.A.EE. has assessed 4,142 electric motors in
Switzerland. The results show that 56 % of them are older than

their operating life expectancy (see Figure 3). On average, these
motors run twice as long as their expected lifetime. The oldest
motor has been in operation for 64 years.

Less than 20 % of the motors assessed have variable frequen-
cy drives to control their load. From the 104 motors measured,
68 % are oversized (average load factor below 60 %).

S.A.EE. has continuously reported on the results of the pro-
gram and its analyses, for the latest update see [1]. The authors
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identified four key challenges and possible solutions during the
implementation of the program that they wish to further dis-
cuss in this paper.

Key challenges and solutions

SOLUTION #1: INDUSTRY NEEDS BETTER ENERGY MANAGEMENT

Energy management has been a well-known approach to en-
ergy efficiency in industry for many years. In 2011, the inter-
national standard ISO 50001 “Energy management systems
- Requirements with guidance for use” was published, offer-
ing a framework for setting up energy management within a
company. Although this standard gave a push and increased
attention to the issue in industry, the reality is that energy
management does not perform well enough in many factories.
Part of the problem is that energy costs may not create a high
enough share within total costs so that the reduction of energy
costs would be seen as a priority. The lack of technical exper-
tise often prohibits more complex technical changes that would
result in considerable energy savings, especially when it comes
to motor systems. Furthermore, if a certain level of technical
expertise exists within a company, the responsible person may
not be trained for managing people. Energy management has
to be better understood to be effective.

Energy management focuses on managing energy use in a
company. This means that it defines — in part — procedures to
treat new investment proposals.

According to [5], financial considerations are important
but - contradicting mainstream economic theory - insuffi-
cient to decide on an investment in energy efficiency. The de-
ciding factor is really the strategic character of an investment.
An investment is considered strategic if it contributes to a
company’s durable competitive advantage, which is defined
in these three dimensions: cost, risk and value. Therefore, if
an investment in energy efficiency reduces risk and cost, as
well as brings value to a company, it is most likely to be im-
plemented.

e Current and future risks need to be understood and as-
sessed. An investment in energy efficiency can reduce haz-
ardous waste, interruption for maintenance and failures,
influence of carbon and energy price volatility, energy sup-

Representative survey

Research
Hypothesis
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ply disruption and increase reliability of components and
systems, for example.

¢ Allrelevant cost parameters need to be analyzed and under-
stood. An investment in energy efficiency can reduce prod-
uct waste, waste water, emission of pollutants and particles,
process cycle time, need for protective equipment, noise,
needs for engineering controls and increase productivity
of output, improve efficiency of used materials (or substi-
tutes), equipment performance, and indoor air quality, for
example.

¢ Aninvestment in energy efficiency can increase value to the
company: improved product quality or purity, increased
reliability in production, improved temperature control, in-
creased facility reliability, improved public image, positive
brand recognition, and such.

The strategic character of efficiency investments should be
highlighted and energy management systems can be a useful
tool for that. An interdisciplinary Swiss team (INFRAS Zurich,
University of Geneva, University of Neuchatel, and S.A.EE.)
has launched a new research project in Switzerland (see Fig-
ure 4). The goal of the project is to investigate if and how energy
management systems contribute to:

1. the perception of efficiency investments’ strategic character
2. a higher realization of efficiency projects

3. an increased energy performance of companies.

SOLUTION #2: TRAINING PROGRAM FOR ENERGY TECHNOLOGY AND
MANAGEMENT IN INDUSTRY

One of the most important lessons learned during the imple-
mentation of Easy was that industrial users lack resources —
specifically human resources - time, responsibilities, technical
know-how and financial resources necessary for the implemen-
tation of motor systems efficiency projects.

S.A.EE. identified the lack of responsibilities and know-
how as being the most crucial. In an attempt to help overcome
this malaise, S.A.EE. introduced a training program: “Energy
technology and management in industry.” The program targets
technical people, endowing them with both managerial and
technical skills.

33

Selective interviews and case studies

Figure 4. Research methodology for the role of energy management systems in efficiency investment decisions. Source: INFRAS, 2013.
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Table 1. Optimization measures at the meat processing factory. Source: S.A.F.E., 2014.

No. Optimization of Investment Savings Payback
[k EUR] [[MWh/a] [k EUR/a] [a]

1 Air compressors 7 35 4 1.5

2 Ventilation system 44 56 6 7.3

3 Cooling compressors 54 308 33 1.7

Total 105 399 43 2.4

The successful implementation of motor systems retrofit pro-
jects requires:

¢ The ability to convince top management to invest in motor
systems retrofit projects (a package of projects can easily add
up to several hundred thousand euros; a cost of such mag-
nitude makes the total investment a management decision).

e The ability to work with people across different depart-
ments. For example, to be able to convince the purchase
department that life cycle costing prevails over the payback
period approach and it does make sense to purchase a more
expensive but more efficient motor system.

¢ The ability to negotiate with motor and machine suppliers
and service providers, insisting on a more efficient system
solution or on the delivery of an IE3 motor, and not being
intimated by the threats of suppliers to cease providing a
warranty on either their machine or their service.

S.A.EE. in cooperation with the University of Geneva is cur-
rently working on a feasibility study regarding this training
program which will be implemented in Switzerland. The Uni-
versity of Geneva started a continuing education program for
energy management (based on ISO 50001) in January 2013
which was very successful. The goal is to integrate this into a
larger scale program.

Evidently, creating a supply of skilled technical professionals
is only one part in solving the problem. The other part is creat-
ing demand for hiring these newly-trained experts. The Swiss
parliament decided in 2013 to introduce a system of voluntary
agreements for electricity-intensive companies. If these com-
panies commit to improving their electric energy efficiency,
they are entitled to a refund of the electricity tariff surcharge.
S.A.EE. welcomes this initiative and sees the opportunity it
brings along, namely an increased demand for skilled person-
nel being able to carry out efficiency projects.

SOLUTION #3: PREPARATORY ANALYSES: CHEAPER, SHORTER AND
FINANCED?

The Easy methodology has proven to be very comprehensive,
but also in many cases, too long and exhausting for the staff
involved. Regularly, one to three years pass between the first
visit at the factory (step 1: efficiency potential) and the first ef-
ficiency measure’s actual implementation (step 4: implementa-
tion). Experience from the measurement campaign has shown
that the cost of measuring one motor system and elaborating
recommendations for the efficiency improvement (including
cost and savings calculations, thus profitability) is between
1,000 and 1,500 EUR. The number of motors measured in the
pilot phase was between 10 and 30 in each factory.

Although S.A.EE. believes that these costs can hardly be re-
duced, an alternative approach is to group the electric motor
systems to be analyzed during one period and establish a mul-
ti-annual retrofit plan for a continuous improvement process.
Possible approaches:

1. Analyze applications one after another, i.e. ventilation sys-
tems, pump systems, cooling systems, compressed air sys-
tems, handling & processing equipment, conveyor belts, etc.
The sequence could be settled based on a “quick scan” dur-
ing one of the early visits at the factory in order to identify
the oldest or most promising systems. Another possibility
could be based on recommendations from the factory per-
sonnel itself, in case they are aware of malfunctions of one
particular system.

2. Narrow the scope from the whole factory to one particular,
well-defined unit within the factory (e.g. one factory hall or
one big process machine).

This way, projects can be implemented step by step, with one
step at a time followed by immediate success, which then mo-
tivates further projects.

At a meat processing plant, implementation of efficiency
measures was recommended concerning three different sys-
tems: the air compressors, the ventilation system and the cold
compressors (see Table 1). The factory first improved the air
compressors and saved more energy than expected. In a sec-
ond step — motivated by the success of the first measure - they
continued on with the ventilation system and implemented
efficiency measures to an even greater extent, then recom-
mended by the program. Currently, the factory is working on
implementing the last set of measures on the cold compressors.

SOLUTION #4: MOTIVATE THE MOTORS AND SYSTEMS SUPPLIERS
Another lesson learned from Easy is that it is crucial to involve
the suppliers of components and systems into the analysis and
retrofit of motor systems from an early stage.

Looking at the life cycle of a motor, it is being manufactured,
offered for sale, sold and used (either in a factory, in an infra-
structure plant or in a large building) as the essential part of a
system. An efficient motor system is adapted to the necessary
load, not oversized, depending on the load type equipped with
a variable frequency drive and uses an efficient, properly sized
and operated application (pump, fan, compressor, etc.). It must
be ensured that it is running efficiently at the place of operation
of the end user.

Working together with the suppliers of components and
systems from an early stage is crucial to ensure the delivery of
properly sized, efficient products. This not only helps the end
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Figure 5. List of motor suppliers and service companies working together in the Dutch Green Deal Efficient Electric Motor Systems.

Source: TPA consultants, 2013.

users in reducing their energy demand but is also beneficial
for the suppliers of components in developing their efficiency
know how with regard to the analysis, design, timely delivery
and installation of complex, efficient systems, opening the mar-
ket towards a more service-oriented approach.

SOLUTION #5: LEARNING FROM OTHER GOOD EXAMPLES

The program managers of Easy are also involved in the inter-
national Electric Motor Systems Annex (EMSA) of the IEA 4E
Implementing Agreement'. EMSA brings together six coun-
tries (Australia, Austria, Denmark, Netherlands, Switzerland,
and USA) to exchange experience on motor policies. This
provides an excellent international platform for learning from
good examples applied in other countries.

EMSA will publish the “Policy Guidelines for Electric Motor
Systems” (see also [6]) later this year, based on best practice
examples all over the world. A good example for involving sup-
pliers as mentioned under solution #4 is included in the Policy
Guidelines from the Netherlands, namely the Green Deal Effi-
cient Electric Motor Systems (GDEMS) program (see Figure 5).

GDEMS is one of more than 100 other initiatives within the
Green Deal program, which is run by the Dutch Ministry of
Economic Affairs. The GDEMS started at the end of 2012 and
will run until the middle of 2015. It was initiated by a consor-
tium of 28 manufacturers and service companies of efficient
motor systems in industry.

1. The 4E Efficient Electrical End-Use Equipment (www.iea-4e.org) is an Imple-
menting Agreement of the International Energy Agency.

One very important element in GDEMS is to involve the
manufacturers from the outset. Manufacturers and motor
suppliers make analyses at the industrial user site, recommend
better solutions and convince the end user to implement
efficiency improvements. In this way, the suppliers can slowly
develop a new business model based on efficient components
and systems while the industrial users save energy.

Another important element of GDEMS is the exchange
of experience and information, including a demonstration
of the best practices among participants (manufacturers of
components and systems, service companies, end users).

Lessons learned

The Easy program was carefully conceived in detail and
proved to work in principle. Many elements within the Mo-
tor-Check proved to be more complex than anticipated and
required more time, more external expertise and more money
to reach the goals. Some of the major lessons learned are pre-
sented here:

¢ The technical improvements for rotating machines and their
interaction in electric motor systems are more or less alike
in many different kinds of industries. Most basic processes
are the same and are determined by the application of elec-
tromechanical understanding of the laws of physics. It is not
true that a stone mill and a chocolate factory need different
kinds of know-how for energy savings.

¢ The understanding of a process within a manufacturing
plant can be delivered by the in-house operators and their
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technical staff. This is what they know best. However, ther-
mal or electro-mechanical thinking is not yet widespread.

e This said, it follows that the interaction of the (often ex-
ternal) energy experts and the (mostly internal) industrial
process experts is crucial. To date, there is no culture for this
and almost no framework and training available.

e Currently, the skills and effort needed to identify and to
describe the most important machines in a factory and
to estimate their energy savings potential is considerable.
With a budget of one million euros for electricity per year,
the analytical and engineering effort can quickly add up to
100,000 euros before 1 kilowatt-hour has been saved.

¢ The decision making culture encountered in factory man-
agement declared sustainable development goals. In reality,
however, life cycle cost investments in energy efficiency
improvement and continuous systems improvement plans
were not observed. It was more likely that the cheapest re-
placement offer of a motor was accepted when occasionally
some extra money was available that could not be better
used for production capacity enlargement.

¢ Industry staff tends to rely on quick fixes and advice given
to them by their regular internal or external maintenance
crew without any deeper engineering analysis and certainly
without any systematic energy efficiency approach.

Conclusions and recommendations

Industries react ambiguously towards subsidies: they are moti-
vated to benefit from the financial support but they also want
to remain free in deciding and acting without any government
interference with their company.

A financial incentive program for industries has to be care-
fully designed and implemented in a responsible and fully
transparent way for managers to understand their benefits. It
needs to have five to ten year duration to be designed, organ-
ized, set up and to succeed. Confidentiality is a key component,
which requires written mutual agreements from the outset. The
relatively important time span needed for the first results to
come to light (one to three years), the considerable factory staff
capacity required, and the money involved for both engineer-
ing analysis and investments for implementation projects has
to be estimated and communicated clearly from the outset.

A respectful, regular and reliable relationship has to be built
between the external efficiency program managers and the
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technical leaders. Open communication is a key to better opti-
mizing annual plans and deciding on the sequence of analysis
and implementation programs.

Impartial analysis and recommendations from experienced
industry energy efficiency experts, independent of any ties with
a specific product or manufacturer is an advantage.

A strategic energy efficiency plan has to be established in
each company, designed and implemented by a company en-
ergy team that has the ear of the management and is able to
have annual investment budgets, as well as success in mid- and
large-scale improvement projects. ISO 50001 as a backdrop
helps but does not alone provide the specific annual plan of the
best improvement packages.

Learning from good examples applied in other countries
improves the success rate of every program.
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