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Abstract

The industrial sector accounts for 35-40% of total energy use in Sweden, where 30% of industrial
energy use comes from non-energy intensive small and medium-sized enterprises. This sector has not
historically received much attention when it comes to improving energy efficiency due to limited
resources, lower priority given to energy issues, rather small energy-saving potential for a single
company, and great heterogeneity of the small and medium-sized enterprises. However, the
accumulative energy-saving potential for small and medium-sized enterprises can be quite high and
achieved at very low costs, partly because most improvements are found in support processes and are
relatively easy to implement. Various public policies such as industrial energy audit programs serve as
a means for overcoming barriers to energy efficiency in the sector of small-and medium-sized
enterprises. One example is the Swedish Energy Audit Program, a stand-alone audit program
functioning between 2010 and 2014. The aim of this paper is to examine the program by means of
process and impact evaluation. The results show that the program resulted in annual net energy
efficiency savings equivalent to 340 GWh/year or 6% of the 713 participating companies’ energy end-
use. The implementation rate in the audit program was 53%. On average, the public cost of one
implemented measure was € 700/measure. Derived in the amount of energy saved, the audit program
annual cost effectiveness is € 7/MWh saved energy. This paper adds a significant scientific contribution
due to the method used for evaluation. Multiple company visits and availability of quantitate data
from 713 companies gave a possibility to address the additionality effects and estimate net energy
savings more precisely.

Keywords: Energy audit policy program, small and medium-sized enterprises, energy policy, energy
efficiency measures, energy policy evaluation.

1. Introduction

The industrial sector accounts for 35-40% of total energy use in Sweden, where approximately 70% of
industrial energy use comes from energy-intensive large companies and 30% from non-energy
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intensive small and medium-sized enterprises (SMEs) (SCB, 2010). When comparing large energy-
intensive companies and SMEs, the latter have not historically received much attention when it comes
to improving energy efficiency (Ramirez et al., 2005). This is explained by reasons such as limited
resources, lower priority given to energy issues, rather small energy-saving potential for a single
company, and great heterogeneity of the sectors (Shipley, 2001). International research has
categorized these reasons for non-action into the barriers to energy efficiency (Trianni et al., 2014;
Trianni et al., 2015; Trianni & Cagno, 2011). Still, the accumulative energy-saving potential for SMEs
can be quite high and achieved at very low costs. This is because most of the improvements have to
be done in support processes and are relatively easier to implement than measures related to
production processes, and partly because technologies and methods have been already developed for
energy intensive industries. Also, in large and energy-intensive industry, the absorptive capacity in
terms of energy engineering consultants are higher, thus leading to a theoretically higher relative
energy efficiency potential among SMEs. The minimum estimated potential for improved energy
efficiency among SMEs is 20% and even more (EC, 2006; Thollander, 2013; Thollander et al., 2015a).

Various public energy policies in the form of industrial energy programs serve as a means for
overcoming energy efficiency barriers. They gained ground after the introduction of the European
Energy End-Use Efficiency and Energy Services Directive (ESD) in 2006 aiming at energy efficiency
promotion in order to fulfill the existing targets for CO; emissions reduction outside of the EU Emission
Trading Scheme (ETS). Among other things, the ESD highlights the importance of performing energy
audits for SMEs (European Union, 2006; European Commission, 2011). The ESD mentions the
contribution of energy audits to the fulfillment of energy efficiency targets set by firms (European
Union, 2006). Further, performing energy audits as well as implementing energy management systems
are promoted by the Energy Efficiency Directive (EED) (EC, 2012).

Energy audits can be stand-alone or part of a broader program outlined, for example, in the form of
voluntary agreements or implementation of energy management systems (Price & Lu, 2011). There
are two examples of such energy programs in Sweden which were completed recently. The program
launched by the Swedish Energy Agency (SEA), called the Program for Improving Energy Efficiency in
Energy Intensive Industries (PFE), was run between 2005 and 2014. This is an example of a voluntary
agreements program (VA/VAP) oriented towards electricity-intensive industrial firms which deploys
an energy audit as a first step. Another example is an energy audit program targeting SMEs (mostly
represented by non-energy intensive industries), the Swedish Energy Audit Program (SEAP),
representing a stand-alone audit and functioning between 2010 and 2014. It is argued that broader
energy programs are more appropriate for energy-intensive industries while stand-alone audit
schemes are considered more suitable for less energy-intensive SMEs (Bertoldi, 2011). The energy
audit program for SMEs is the focus of this study.

The aim of this paper is to examine the SEAP by means of process and impact evaluation. The process
evaluation is based on the selected companies’ experience of participating in the program and the
impact evaluation is based on analyzing the data from the SEA on such aspects as the program’s cost
effectiveness and implementation rate of energy efficiency measures (EEMs).

The paper is outlined as follows. First, the background information is provided about energy audit
programs, energy audit quality and the SEAP. Second, in the method part, the process of data
collection is described. Third, the results part presents the findings of the study. This is followed by the



discussion part where the major findings and their implication are addressed and a conclusion part
where applicability of the findings are highlighted.

2. Industrial energy audit programs for SMEs

The most common energy efficiency barriers for SMEs are related to insufficient information or costs
of information gathering. The performed studies highlighted barriers common to SMEs such as scarce
information regarding energy efficiency opportunities (Trianni & Cagno, 2012), costs of obtaining
information about energy consumption of purchased equipment (Sorrell et al., 2000; Sorrell et al.,
2004; Rohdin & Thollander, 2006), hidden costs (Trianni et al.,, 2013), lack of staff for analysis
(Anderson & Newell, 2004), and lack of time or other priorities (Sorrell et al., 2000; Sorrell et al., 2004;
Thollander et al., 2007). Since SMEs usually do not have resources to search for information about
energy efficiency potential and means to reach it, supplying the right information can help to eliminate
informational barriers.

Public policy intervention in the form of energy audits can serve as a means to overcome informational
barriers (Schleich, 2004). For example, if energy efficiency investments are not made by SMEs because
of insufficient information about available technologies, then by providing specific information by
experienced energy consultants, it is possible to influence the companies’ decision on implementing
these technologies. Performing an energy audit is a first step in improving energy efficiency by SMEs
(Caffal, 1995; Bunse et al., 2011). An audit in itself does not result in energy savings (Schleich, 2004;
Backlund & Thollander, 2014a), but it helps to define the areas for improvement and potential more
energy-efficient solutions. The external assistance of energy consultants thus partly replaces the lack
of energy managers at SMEs (Fleiter et al., 2012a; Schleich, 2004). This is of particular importance for
SMEs whose energy expenditures often represent only a small part of total costs and thus do not seem
to be relevant for top management.

An international review of energy audit programs has been made by Price & Lu (2011), where they
presented 22 energy audit programs launched in 15 countries. Seven of the analyzed programs are in
the form of free or subsidized stand-alone energy audits and the rest are mandated or voluntary
energy audits integrated in the broader framework of VA or energy management system
implementation. One of the conclusions from Price and Lu (2011) was that in order to increase the
adoption of EEMs, energy audits should be included in the broader energy programs (Price & Lu, 2011).

Even stand-alone energy audit programs are different in terms of the implementation rate of EEMs.
For example, the free energy audits that have been provided by the US Industrial Assessment Center
to more than 14,000 companies since 1976 have an average implementation rate of around 50%
(Anderson & Newell, 2003; Muthulingam et al., 2009). Another example is the German KfW fund of
Reconstruction Credit Institute providing grants for audits for SMEs and covering around 9,200
companies, which has shown a 77% implementation rate of EEMs (Gruber et al., 2011). The Australian
Enterprise Energy Audit Program (EEAP) mandating energy audits by law resulted in an approximately
80% implementation rate at around 1,200 companies (Harris et al., 2000). In fact, an implementation
rate as high as in the Australian program is rarely reached. This can be explained by the fact that the
audits were partly subsidized and that relatively few measures were proposed, all quantified and
supported by investment assessments (Thollander et al., 2007). The implementation rate for a Swedish
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regional program, Project Highland, was much lower and equivalent to 22% or 40% if the planned
measures were also included in the estimate (Thollander et al., 2007). The evaluation of the Swedish
regional and German national energy audit programs has shown that the majority of the EEMs were
proposed for generic (support) processes related to space heating, ventilation, compressed air
systems, etc. For SMEs, support processes present larger aggregated energy use than production
processes (Thollander et al., 2015a).

The overview of the current and past Swedish energy programs is given in Thollander et al. (2012b)
where eight programs are presented. However, only Project Highland covered a large number of SMEs
(340 companies). Project Highland was run in the south of Sweden from 2003-2008 and aimed at
providing free energy audits performed by advisors from municipalities in order to increase energy
awareness among SMEs (Bondesson, 2006). Of the 340 SMEs, 140 were industrial companies. The
interviewed participants mentioned that the energy audits raised engagement in energy issues at the
companies. The evaluation showed that giving the companies recommendations on how to improve
energy efficiency is a very efficient method to eliminate barriers such as lack of interest in energy
efficiency, risk for making investments in energy-efficient technologies, and lack of information
(Bondesson, 2006). The evaluation of the program also showed its effectiveness in terms of public
expenditures per unit of saved energy. The recommendations for program improvements concerned
quantification of the proposed EEMs as well as investment assessment (Thollander et al., 2007).

The review of industrial energy and climate policies of Sweden and Japan (Thollander et al., 2015b)
showed less law enforcement in Swedish industrial energy end-use (EEU) policy mix compared to
Japan, with, however, rather low costs for its implementation due to availability of the regulations.
Another essential issue highlighted in the review is insufficiency of standardized approaches for
industrial energy policy evaluation, which can play a crucial role for the perceived success of industrial
policies (Harris et al., 2000). Also, homogeneous categorization of energy data for evaluation of
industrial EEU policies is a further important aspect which would enable comparison of energy policies
among different countries (Thollander et al., 2015a).

3. Energy audit quality

Quality of energy audits is an important aspect of energy audit programs. An important factor is the
level of detail with which the energy audit is performed. According to the classification used in ISO
50 002, there are three types of energy audits. Type 1 (walk-through audit) is characterized by low
level of detail, rather short time expended and little money spent, and thus results in a less detailed
report with general EEU data and most often low-cost energy efficiency improvement
recommendations. This type is appropriate for smaller organizations or as a preliminary audit. Type 2
audit contains more information about a single site or process and implies an energy analysis with
extensive measurements, detailed calculations on energy savings, and evaluation of energy efficiency
improvement options. Type 3 audit is used for obtaining additional information associated with high-
investment projects, for example. This type of audit requires longer and more accurate measurements
and results in a more comprehensive energy analysis followed by a thorough report with more detailed
calculations of savings and investment costs. The type of energy audit can be chosen according to a
company’s needs and available resources (1SO, 2014)



The quality of energy audits also depends on the competency of energy consultants performing them.
Schleich (2004) argues that energy efficiency consultants from engineering firms appear to have higher
quality than industrial associations providing more general information or utilities focusing only on
tariffs. Thollander et al. (2007) stated that almost half of the EEMs suffered from lack of quantification
and investment assessment due to the limited time for energy audits. The important criteria for making
a good energy audit are thus skilled energy auditors with a good engineering background able to
deliver the information to the customer, as well as energy audit tools and handbooks in order to
support the auditors (Thollander et al., 2012a). Notably, other countries, e.g. Germany, require three
years of work experience and an engineering degree to conduct governmentally subsidized energy
audits (Fleiter et al., 2012b). Energy audit databases, follow-ups and dissemination of the audit results
can also contribute to a higher level of quality of energy audits (Price & Lu, 2011; Blomqvist &
Thollander, 2015).

4. The characteristics of the Swedish energy audit program

SEAP, the energy audit program analyzed in the current study, is a program launched by the SEA and
offering monetary support from 2010 to 2014, mainly to SMEs to perform an energy audit (SEA, 2015).
The “SME” category includes companies that have between 10 and 249 employees and a turnover in
the range € 2-50 million (EC, 2003). Larger companies could apply for participation as well if they were
able to prove the necessity of this monetary support for performing an energy audit. However,
companies already participating in PFE could not apply for participation in SEAP. The subsidies could
be given to companies with annual energy use higher than 0.5 GWh or minimum 100 livestock units in
the case of farms.

The support given should cover half of the price for energy audit but a maximum of € 3 000. One
company could not apply for support more than one time and companies with more than one facility
could use the support at only one of them (SEA, 2015). An energy audit has to contain an overview of
the company’s annual energy use specified in MWh per year and price for each energy carrier as well
as EEMs proposed for different processes and process equipment (STEMFS, 2010). Those companies
that received a subsidy had to present an energy plan where they listed the EEMs that they planned
to implement within two years (SEA, 2015). There were no requirements on who had to perform
energy audits and companies could choose to do it themselves or use external energy consultants;
however, the SEA recommended the latter.

5. Methods

Evaluation of public policies aims to achieve reasoned decision-making by means of assessing the
results of ongoing or completed action. Done in good time, the evaluation can help authorities to
correct errors and support good practices (Vedung, 2007). In order to perform the impact and process
evaluation of the SEAP, two methods have been used for this study. The first includes collection of
data from all the energy audit reports and energy plans that have been submitted to the SEA and
approved for the entire program period. The second method is the interviews and site visits to the
premises of several selected companies that participated in the program. In this way, the analysis of
data from the reports would enable a conclusion about such aspects of the impact evaluation as the
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program’s cost efficiency, gross and net energy savings, and implementation rate of suggested EEMs,
while the interviews would help to make the process evaluation based on some aspects of the program
theory as well as provide additional quantitative data about the actual energy savings and EEMs.

5.1. Process evaluation
The process evaluation consists of the quantitative and qualitative data gathered through the
interviews during the company visits. The program theory played an important aspect during the
process evaluation.

5.1.1. Program theory

Program theory as an evaluation method is used to explain why it is desirable to make a public
intervention and what the necessary resources and possible effects are (ESV, 2012). The social
relevance of the evaluation process is, thus, to analyze an effect from the intervention, paying
attention to why it failed or succeeded. The persistent problem is to determine whether it is the
program or something else that has caused the effect (Vedung, 2007) and therefore it is important to
consider what external factors may affect the result (ESV, 2012). It can be problematic to make this
distinction because the influence of public policy instruments is hard to “isolate.” This calls for
distinguishing between gross and net impact evaluation. Unlike gross impact calculations, net impact
or net energy savings calculations cover additionality aspects (free-rider, spill-over and double
counting effects) (SEEAction, 2012; Broc et al., 2009).

Net energy savings = Gross energy savings * double counting coefficient * (1 + spillover effect - free-
rider effect) (formula 1)

where:

- double counting coefficient (0+1) considering mutual energy savings from different EEMs or public
programs;

- spill-over energy effect — indirect energy savings from EEMs or public programs;

- free-rider effect — energy savings by free-riders or those program participants who would have
undertaken EEMs anyway.

In this study, free-rider, spill-over and double counting effects were addressed during the interviews
with the SEAP participants. Also, changes in electricity prices can play an important role in evaluation
of energy-oriented public policies. This factor, however, was not considered specifically in the
interviews. It is important to note that all the calculations were based on final energy use of the
participating companies.

5.1.2. Interviews
For this study semi-structured interviews were used consisting of a list of questions with a possibility
to alter them depending on a particular context (Yin, 2006). Thus, a trade-off between flexibility and
the importance of getting answers to all important questions was assured. In total, 37 Swedish
companies were visited with the aim to interview an energy manager or top manager (a person that
was in charge of work with the SEAP). The selection of respondents was based on the whole
population, which includes more than 1,000 companies. However, only 760 energy audit reports were
approved by the SEA. The companies vary in size, turnover, energy use and sector, which is why the
selection criteria were energy use higher than 1,000 MWh/year and energy efficiency potential of



around 20% of energy use. Also, the intention was to visit the counties with largest number of
applications (Figure 1) as well as the companies within the top sectors according to the number of
applications (the European categorization NACE Rev. 2, Eurostat, 2008).

Figure 1. The number of visits made in different counties.

The top ten sectors applied for the SEAP are presented in Figure 2 starting from the sector “Real estate”
(114 companies), followed by “Crop and animal production” (93 companies), and “Manufacturing of
fabricated metal products” (85 companies). When choosing the companies for visits, priority was given
to manufacturing industries, because they have higher energy intensity and were in the scope of the
SEAP.
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Figure 2. The top ten sectors that applied for the SEAP.



The aim with the interviews was to get an overview of how the SEAP functioned and what the main
benefits were for the participants. The interview guide was divided into such areas as information
about the company, EEMs, the company’s opinion about the energy consultant’s work, additionality
(free-rider and spill-over) effects, barriers to energy efficiency, importance of energy issues, etc. There
can be a risk that the answers of the interviewees are affected by their perception of what they think
the interviewer expects to hear from them (Bryman, 2012), especially in a study like this when a
governmental policy program is being evaluated. This risk cannot be eliminated but was accounted for
by instructing the interviewees that interviewing researchers were not sprung from a controlling
organization but an independent party and the study was conducted not to judge their work and
deliver the results to the SEA but to find out the actual outcomes of the SEAP to improve future
programs.

Every visited company’s energy audit report was summarized in terms of its advantages and
disadvantages and generally evaluated in order to estimate the level of quality of energy audit reports
and thus the qualification of energy consultants. Quantitative data from the interviews served as a
supplement to impact evaluation.

5.2. Impact evaluation

The companies that participated in the SEAP were obliged to submit their energy audit reports
together with energy plans with the quantified EEMs to be performed within two years. In total, about
1,020 energy audit reports were received while 760 were approved. For this study, 713 reports were
compiled and used for the analysis with the aim to calculate the program’s cost effectiveness, net
energy savings, and implementation rate of EEMs. The calculations are based on final energy use.

The companies’ energy use can be categorized by unit processes (S6derstrom, 1996) as presented in
Figure 3. For this study, only support processes were divided into particular categories due to the
variety of production activities in the SME’s sector.

Production processes Support processes
C—
[] Disintegrating Lighting
Mixing ] Compressed air
] Disjointing [] Ventilation
7] Jointing Pumping
Coating ] Space heating
[ Molding Space cooling
Heating ] Hot tap water
[ Melting ] Internal transport
"] Drying Steam system
Cooling/freezing [J Administration
[ Packing

Figure 3. Categorization according to the concept of unit processes.

The same categorization was applied for the EEMs suggested by the energy consultants. A detailed
description of the measures under each category can be found in Backlund & Thollander (2014a). The



data from the energy audit reports were used to calculate the total energy savings and cost
effectiveness of the program. Based on the results of the 37 company visits, the net energy savings
were calculated according to Formula 1. Furthermore, an important factor to consider was the lifetime
of EEMs. Following Stengvist & Nilsson (2012) and Backlund & Thollander (2014), the same lifetimes
of 12 and five years were assumed for investments in technical measures and management-related
measures correspondingly. The shares of technical measures versus management measures were
assumed at 64% and 36% (correspondingly) based on Backlund (2014).

In the cost effectiveness calculations, the net present value (NPV) of the SEAP’s related costs and
energy savings derived in EUR was used in order to take into account the value of cash flows over a
period of time. The formula used for NPV calculations is:

_ VN Ce
NPV = t=0 (144)¢

(Formula 2)
where:

C: —the net cash flow (in — out) at a specific time;

t — the specific time of cash flow;

N —the number of time periods;

i—the discount rate.

In the NPV calculations, the price of € 65/MWh of electricity and district heating (Nilsholgersson,
2014; Nordpool, 2015) and the discount rate of 6% were used.

6. Results

In the following section, the results of the process and impact evaluation of the SEAP are presented.
6.1. Process evaluation

This subsection represents the quantitative and qualitative results of the company visits.
6.1.1. Quantitative evaluation of the visited companies

Figure 4 shows how many visits were made for a particular industrial sector in relation to the number
of applications sent to the SEA for the SEAP support that was obtained from these sectors.
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Figure 4. Industrial sectors visited and corresponding number of applications for the SEAP.

Where: Al — Crop and animal production, hunting, etc.; C10 — Manufacture of food products; C11 — Manufacture of
beverages; C16 — Manufacture of wood, products of wood and cork, of straw and plaiting materials; C20 — Manufacture of
chemicals and chemical products; C22 — Manufacture of rubber and plastic products; C23 — Manufacture of other non-metallic
mineral products; C24 — Manufacture of basic metals; C25 — Manufacture of fabricated metal products; C27 — Manufacture
of electrical equipment; C28 — Manufacture of machinery and equipment; C32 — Other manufacturing; C33 — Repair and
installation of machinery and equipment; E38 — Waste collection, treatment and disposal activities, materials recovery; F42
— Civil engineering; G45 — Wholesale and retail trade and repair of motor vehicles and motorcycles; G46 — Wholesale trade,
except of motor vehicles and motorcycles; G47 — Retail trade, except of motor vehicles and motorcycles; H49 — Land transport
and transport via pipelines; L68 — Real estate activities. (Eurostat, 2008)

6.1.1.1.  Energy use of the visited companies

The EEU of the visited companies is presented in Figure 5 below.
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Figure 5. EEU of the visited companies in corresponding industrial sectors.
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As shown by the figure, there are also companies with very different EEU within a particular sector
(SNI C, SNI G). EEU of eight companies exceeds 10 GWh/year. One company (Company 35) has an
extremely high EEU (565 GWh/year). This company applied for the SEAP in order to get help within the
area of support processes accounting for only 2.9 GWh/year of the company’s total EEU, and thus only
energy used in support processes was considered in the calculations. Average energy use among the
companies (excluding Company 35) was 6.4 GWh/year. However, if not all eight energy intensive
companies are taken into account this number was reduced to 2.4 GWh/year.

The total energy use in the 37 companies was around 260 GWh/year. In Figure 6, the EEU divided
among different unit processes is shown. More than half of the EEU belongs to support processes while
production processes account for 46% (Company 35’s production processes are not included). Among
the support processes, the major users of energy are heating (43 GWh/year), lighting (29 GWh/year)
and ventilation (28 GWh/year) processes. The share of pumping is rather small because this process
does not contribute to significant EEU at SMEs, and most often is represented by circulation pumps. In
the studied energy audit reports for the 37 companies, pumping was not presented as a separate
category in any of the cases and often was presented together with heating and ventilation unit
processes. When pumping contributed to the core business at the studied companies its energy use
was included in the production processes.

Pumping
02%

Internal transport
1%

Compressed air
I

Figure 6. Energy use divided among unit processes (37 company visits).
6.1.1.2. Energy saving potential for the visited companies

The potential for improved energy efficiency in the visited companies is presented in Figure 7 by
suggested and reported potential and compared to the outcome. It is worth noting that the suggested
measures are the measures proposed by energy consultants in the energy audit reports. The reported
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measures are the measures that the companies stated would be implemented within two years. The
outcome represents the measures that as stated in the interviews have already been implemented or
will definitely be implemented in the future (mentioned as “implemented” further on the figures). The
energy efficiency potentials given in the energy audit reports are almost always higher than reported
by the companies and implemented or stated to be implemented by the companies. Only in three
cases did the companies report more measures than were received through the energy audits
(Company 27, 24, and 18). The outcome was lower than reported in 10 cases, however, the total
outcome for all the companies is higher than reported to the SEA in the energy plans. On average, the
suggested measures represent a 17% energy-saving potential (35,5 GWh/year). While the companies
reported implementing energy-saving measures which on average account for 9% of their total energy
use (19 GWh/year), the outcome results in 13% potential which is equivalent to 26.8 GWh or 22%
higher implementation rate than reported (spill-over effect).
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Figure 7. Energy efficiency potential of suggested, reported and implemented measures from the 37
visited companies.

The number of measures suggested by the energy auditors in the energy audit reports, as well as the
measures reported by the companies to the SEA and the real outcome (according to the interviews
with the companies’ representatives) are shown in Figure 8 where it is also possible to see the spill-
over effect. The same situation as with energy saving potential holds for the number of the proposed
EEMs. An average number of EEMs suggested per company is 13, however, the companies stated
that eight would be implemented while the number reported to the SEA was seven.
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Figure 8. Number of suggested, reported and implemented measures from the 37 visited companies.

6.1.1.3. The SEAP’s cost effectiveness based on the company visits

To get a better understanding of the SEAP, the cost effectiveness indicators were calculated not only
for the entire data sample presented in the section “Impact Evaluation” but also for 37 visited
companies. The calculations are based on the expenditures of the SEA during 2010-2014 which
comprise the costs for the energy audit checks as well as administration, IT support, communication
with regional energy offices, other communication and other public costs (Table 1). The total cost of
the program is € 3,450 million.

Table 1. SEA’s costs for the SEAP

Total, Per company,
SEA's costs thousand € £icompany
Administration 452
IT system 107
Communicationvia enengy offices 802
Oither communication 21
Other public costs 9.7
Energy audit 2247 2,960
Total SEA costs 3,450 4,540

The costs for the energy audits are € 2,247 thousand which implies an average cost of one energy audit
of about € 2,960 considering 760 approved reports. Together with other costs, the total SEA’s
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expenditures for one company is about € 4,540. The average cost of an energy audit for the

participating companies is around € 1,970/company, however, for the interviewed companies it is
around € 3,960/company.

The public costs of one measure in the visited companies paid by the SEA range from about
€ 150/measure to € 2,400/measure as shown in Figure 9. On average one measure costs about € 600

for the SEA. In nine cases the public cost of one measure exceeded € 1,000. There is no information
for 21 and 22.

Cost effectiveness, EUR/measure

Cost effectiveness, EUR/measure
[
u
o
=]

Company 1
Company 2
Company 3
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Company 5
Company 6
Company 7
Company &
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Company 13
Company 14
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Company 27
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Company 29
Company 30
Company 31
Company 32
Company 33
Company 34
Company 35
Company 36
Company 37

Figure 9. Cost effectiveness of the SEAP derived in €/measure.

The cost effectiveness of the SEAP derived in the amount of public costs spent per saved energy is
shown in Figure 10. This indicator ranges from € 1 to 280/MWh, however, Company 15 and 22 differ
significantly from the rest (€ 150 and 280/MWh respectively). This is explained by that the EEMs
suggested for these companies result in quite low energy savings. On average the cost effectiveness
of the SEAP is equivalent to € 6/MWh or € 5,7/MWh if Company 15 and 22 are excluded. It is worth
noting that the cost effectiveness calculations for 37 visited companies are not based on NPV (the

discount rates and EEMs’ lifetime are not considered). The NPV calculations are made for the entire
program.
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Figure 10. Cost effectiveness of the SEAP derived in EUR/MWh from the 37 visited companies.

Reversing the numbers above it is possible to calculate the energy saved per public money (Figure 11).

This indicator ranges from 4 to 1,150 kWh/€, however it is significantly higher for Company 2, 17, 31

and 36, exceeding 400 kWh/€. The average energy saved per public money invested is around 165

kWh/€ or 150 kWh/€ if Company 2, 17, 31 and 36 are excluded.
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1200
200
0

. : : :

¥N3/ym ‘sBuines

15



Figure 11. Energy efficiency savings per money spent from the 37 visited companies.

6.1.2. Qualitative evaluation of the visited companies

Each energy audit report was thoroughly read before the company visit and positive and negative
aspects were highlighted. One general conclusion was that the quality of auditors’ work varied
extensively. The positive points mentioned in the same reports were clear allocation of EEU, detailed
list of EEMs with motivation explanation, heat use presented in the form of a heat balance with the
possibility to see excess heat areas, transparent analysis of energy use and measures with
explanations, comprehensive measurements of energy use with analysis and comments, attention not
only to technical measures but also organizational and behavioral aspects, explanation of what is
lacking for more extensive energy analysis, as well as detailed profitability calculations. However, there
were also negative comments such as energy and profitability calculations lacking explanation, energy
balance not presented or not detailed enough, only adjustment measures given, lack of
measurements, or short report without graphic presentations. In 27 cases, it was possible to find other
energy efficiency improvement possibilities during the site visits.

6.1.2.1. Audit quality in the visited companies

On a question about the quality of energy audits, five out of 37 company representatives had some
negative remarks. One reflection was that the company expected more serious measures in order to
focus on higher energy-saving potential. There were also less satisfied companies mentioning that the
audit reports were too basic: “It was not the best business for us, disappointment. The audit included
only obvious measures.” “The energy audit did not suit our activities, only basic measures.” Four
interviewees mentioned that their energy audit reports contained only basic recommendations, as if
consultants used existing templates. However, the rest of the respondents were satisfied or very
satisfied with the energy audits. The recommendations they got were clarified, five respondents
mentioned that they could use them as decision support and two mentioned that the audit was an
eye-opener and helped to embrace the whole situation.

The energy auditor competence was judged by 27 respondents. Only three of them mentioned that
the auditor’s competence was not at a high level. One respondent explained that an energy auditor
was quite young and inexperienced, another respondent did not like the correlation between the price
for consultancy work and the audit result they obtained and finally, the third respondent mentioned
that the auditor’s knowledge about the production processes was insufficient. The rest estimated the
auditors’ work as good or (in five cases) very good. One company got help not only with showing
improvement potential but also with understanding the results of the audits. It was mentioned that
an auditor needs to have great communication skills. Several respondents stated that their auditor’s
work was trustworthy and inspiring and they recommended auditors to peers. Some companies were
introduced to recent technological trends in lighting and HVAC in Sweden which was also appreciated.

6.1.2.2. Energy strategy of the visited companies
The visited companies were part of a bigger company group in 22 cases, and individual companies in
15 cases, while one company was a municipal organization. On a question about the importance of
energy issues for a company, only five companies answered that energy is not that important and is
not on an everyday agenda and only the companies’ activities are prioritized. All these five companies
were private. However, only two companies mentioned that they have joint work on energy issues on
a company group level and that is why it is hard to make a conclusion that being part of a company
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group results in higher energy ambitions. Those companies who answered that energy is a very
important question justified it by the fact that energy costs represent a significant part of their
expenses and continue to increase. Also, energy-related aspects are recognized as important along
with environmental, health and safety issues. Finally, it was stated that many customers put pressure
on a supplier by means of their energy requirements.

On a question about pay-off time for energy investments, 23 respondents said that pay-off
requirements for energy investments are no different from other investments related to production
or maintenance. They mentioned that if measures save a lot of energy they try to implement them and
that pay-off is not important but saved kilowatt-hours are. However, the measures with pay-off of less
than three years are preferred, as mentioned by three respondents. Six interviewees mentioned pay-
off less than 10 years as acceptable. Five respondents said that energy investments are not as
prioritized as production or safety/environmental investments, and in the case of energy investments,
pay-off is always a decisive criterion as well as being important to agree on energy investments with
top management in order to put them on a priority list.

6.1.2.3. Additionality effects
In 23 cases out of 37, energy efficiency actions apart from those recommended in the energy audits
were implemented. In several cases, the recommendations from energy audits that the companies had
not reported as implemented were implemented anyway. However, in the majority of the cases, after
launching work on the measures from the audit the companies found some additional areas for
improvements as well (the spill-over effect was estimated to be 22%).

Free-rider effects could be analyzed in 26 cases while 11 companies could not give an answer to this
qguestion. Out of these 26, only three companies stated that they would have made an energy audit
even without participation in the SEAP, and one stated they had to do it due to the need to change
their boiler. Thus, 88% of the responding companies would not have done an energy audit without
governmental support. These 23 companies explained that the support from the SEA was a good
argument to show to top management to perform analysis of their energy use. Some companies had
discussed the possibility of performing an energy audit but it seemed too expensive, and the audit
triggered the process. Some areas for improvement had been known but they could not estimate the
whole improvement potential. Ten companies could give the estimated percent of the measures they
would have taken even without the participation in the SEAP (Figure 12). On average 58% of the EEMs
were known, however they were not highly prioritized and without an energy audit they would not
have been done in the immediate future. The free-rider effect was estimated to be 15%.
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Figure 12. Percent of EEMs that were known or would have been found without energy audit from
the 37 visited companies.

Nineteen companies stated that the energy audit helped to overcome the barriers to energy efficiency.
Figure 13 shows what barriers to energy efficiency were mentioned during the interview (some
companies mentioned several barriers). As can be seen, lack of knowledge is mentioned by 13
companies. Other barriers include lack of interest from top management, lack of time, other priorities,
lack of staff responsible for energy use, other priorities for capital investments, and lack of access to
capital. Six respondents said that the energy audit did not contribute to reduction of the energy
efficiency barriers. One of them mentioned that even after the energy audit there are barriers left
related to difficulties in finding information about energy efficiency opportunities.
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Figure 13. Barriers to energy efficiency that were overcome by means of an energy audit.

One aspect related to additionality that was also asked during the company visits was what other types
of support for SMEs could have affected the outcome of the program (for example, participation in
energy efficiency networks). Thirteen companies could answer this question. They stated that energy
efficiency work is also promoted by other types of support presented in Table 2.

Table 2. Other type of energy support used by the visited companies.

Respondent | Othertype of support in energy work

Comparny 4 Metwork (collaboration between university and industrial association)

Company 5 Sector assodation

Compary & Local network

Company 12 | Municipal energy advisement

Compary 13 | Investment support from the county board

Compary 17 | Internal network

Company 19 | Local network

Compary 25 | Activities on community level

Company 27 | Sectorassodation

Company 28 | Sector assodation

Comparny 30 | Environmental network arganized by industrial assodiation

Compary 33 | Sectorassodation

Environmental organizationthat puts a requirement on energy audit and energy

Company 36 plan
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It is hard to estimate the extent to which these types of support affected the outcome in reality, and
when comparing these companies to the results presented in Figures 13-15, there was no direct
correlation followed. For example, the same companies stated that they would not have performed
an energy audit in the immediate future or to the same extent without the support from the SEAP. The
effect on the outcome might somehow be reflected in greater implementation rate of EEMs. Ten out
of these 13 companies have implemented additional EEMs, which is a good indicator. At the same
time, in another 16 companies the implementation rate was also higher than reported to the SEA.

6.1.2.4. Further work in the visited companies

20 companies see the need to make an energy audit again, out of 25 companies who answered this
guestion. Also, it was mentioned that the need for an energy audit can arise if there are changes in
production or rebuilding. Four of the 20 respondents that see the need for further energy analysis
stated that it would be in a simpler form next time. Five respondents said that a more detailed, deeper
audit will be needed in the future for already defined areas with potential for improvement, which can
help avoid overlooking accustomed conditions and keep awareness at a high level. Several
respondents stated that an energy audit will be needed again in several years. Some mentioned every
three to five years, “in several years,” or “not very often.” Five respondents answered that they will
not need analysis of their energy use in the future. One respondent stated that it would not be needed
because now they are aware of what they should do. Another respondent explained that their facilities
are newly built and they do not have energy-intensive processes. Two respondents answered that
continuous maintenance would be enough. Thus, the majority of the interviewees understand the
need for continuous analysis of their energy use. As mentioned by one of them, the technology as well
as knowledge in the field of energy efficiency is developing quite fast so there is a need for continuous
update.

6.2. Impact evaluation based on the SEAP’s data base
In the following section, the results of the impact evaluation of the SEAP based on 713 approved energy
audit reports are presented.

6.2.1. Energy use, saving potential and deployment levels
The impact evaluation of the SEAP is based on the data from 713 companies. The energy use of the
companies participating in the analysis is 5,370 GWh/year. In total, the energy savings account for 589
GWh/year, which represents 11% of the energy use. The savings for different unit processes are
presented in Figure 14. Thus, the highest energy savings are in Ventilation (26%) and Space heating
(24%), followed by Production processes (22%) and Lighting (8%).
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Figure 14. Energy saving potential for different unit processes.?

The EEU as well as savings for each particular sector are presented in Figure 15. The most energy is
used in such sectors as D35-Electricity, gas, steam and air conditioning supply, C24-Manufacturing of
basic metals, C16-Manufacture of wood and products of wood, C25-Manufacture of fabricated metal
products, and C22-Manufacture of other non-metallic mineral products. The energy savings potentials
for these sectors are 1%, 3%, 18%, 16% and 16% respectively. The small potential for sectors D35 and
C24 can be explained by the fact that the measures were suggested for their support processes
whereas the majority of energy is used in production processes. Another explanation can be that some
companies that applied for the money support are quite energy-intensive for the SEAP and eventually
should have participated in the PFE instead. The average energy saving potential for all the sectors is
21%, which is within the range of potential stated in Thollander et al. (2015a).

! This figure is built on the data from 454 companies because for the rest of companies there was no proper
allocation of EEU among the unit processes.
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Figure 15. EEU in different sectors and corresponding energy savings.

Energy savings per company are presented in Figure 16. The highest energy savings are found in the

following sectors: C15-Manufacture of leather, C11-Manufacture of beverages, B7-Mining of metal

ores, Cl6-Manufacture of wood and products of wood, and M71-Architectural and engineering

activities. However, sectors B7, C11, C15, M71 are presented by only one or two companies. Thus, the
highest potential is found (apart from C16) in such sectors as C10-Manufacture of food products, C22-

Manufacture of rubber and plastic products, and C20-Manufacture of chemical products.

22



(=]
~

120
100
- 80
60
40

0

I SINANSE ANADS [BUOS A RU0-96S

e e SIRIAGSE UOMER9 PUE JUILESMUE PUE S3R1ANIE Si0ds-E6Y
g 592NSE L EDY UBWINE-GZD
wem@s UOREINPI-SBY

@ saniAnsE Loddns SSALSNG SR PUB TSNS 33140 ‘IANE JSIUILPE 234 0- 23N

weg S30MN3E adedspun pue sBup|ING o1 S32MIAS- TEN

sanmnoe fses) pue [EIuEN-£4N
IAWHOREAIP FUR LRIBISHI 3 AUABS-ZLA

I. sisAjeue pue Bupsa Eajuye S maoe B eau e pue RIS TN
I. sapmize Auelnsues JuawsBeuew (5300 PEIY O SBANIDY-OLN

sanmnze Bugunozae pue B2 AW

SIRIANIE DI 5D 294297

Anpuny uosuad pue acuRinsu) 1de0 K SANMIE BCNAS BDUBLL-FOY
sagmnae Buis|ang-gs

SaniAnze axaas mwm_.mﬂ pue poco4-99|

UOREDOLLIWODIY-55]

SARIANIE JDLINGO PUR [RISO4-ESH

wone sodsues oy sanmnoe Loddns pue BUBNOURIEAN-TSH

saulAdid B LOUSURR pue LiodSURE PUETGRH

SADATOTOW PUB SIRLIN JOI0W J0 10008 DPE || EDY-LFD
sapAlimow pUB SRLEA J0IoW jo 1daa anen ESICUM 99D
53[0A2.0301L PUE SN J010W |0 Jedal PUR 2PN B34 PUE S[2S3[OUM-SHD)
S3RANTE LORINISWUED pas)enads-gp

BRI - Tb2

AJDADIDI §|R1AIBW ISDNIAIE [IS0051D BUR JUILLEAA "UORID| 03 2ISEM-BET
Ayadns Buluonpucd e pue weas sed QoindaE-stg

Juawdintd pue ABULESEL 0 UGHE 25Ul DU JBCIS-EED
Buuniseynuew - e

UMINY JO DAMILYNUBIN-TED

W wdinka Lodsuen A0 J0 2UMITNUEN-0ED

SIBJIEL-IWBS DUE 559(1E ] "SAPLEA JO0W JO BIMBENUEN-6TD
wawdinka pueliauLpeLL JO 2IMREINUEN-8TD

JuaLWd|NBS (B339 |0 SIMIBINURN-LTD

sanpoad (e3pdo pue 3L A3 P “PINdWwod Jo JIMIBYNUEN-973

WAWHINED PUR ARULIEW 1830%3 S1MP0H [BIDW PIIRI1GE) |8 JUMDENURAFSZD

S[RIIW 356G |0 DUMILYMUBN-TT
S19NP0Ad [JBUIL 31)|EI3L-UCU YD 1O DIMDEJNUEN-ET
$39npoud 3nseid pUE OGN JO MR NUBA-TT)

® No. of companies

m Savings per company (MWh/company)

suoneledad pannacewseyd pue snooad (e nacew.eud 31588 J0 JIMPRINUEN-TTD

S3MPOU [E2)LLED PUE SIEI WD JO 2M2R) LB 0T
$39nPoud WA 0Nad PALIE PUE 3303 JO SUMIR)NUBN-6T
BIpaW pApIO3R: §0 usRanpoIdal pue BuRuLE-gTD

Rnpoxd mdedpue mded jo aumaeynue-£ T

O3 PUE POGM (O 51aNPosd Jo pUB PoGm |0 2UMIRUEN-9TD
539npod PITERI PUB AUIED| |8 DIMIBINURN-STD

3|06 JO DIMILYNUBN-ETD

saBeanag jo aIMPEnuEN-TID

[INPEad Po0) §0 3MIE NUEN-OT

e ——— 5910 [T §o BULIA- (8
I. BuE80) pue Ansauc 42y

o

. —
.

!

he!

o —

-

e

‘e

. -

e e

o | ==

=

o

—

= =

l

e

fom—

—

I.

L] I

I.

e

a —
.

.

.l

—

@ f—

s

e

e

== ———]
]

-

. [ 4

000000000m0
ER888RBE8RS88A

o= = m m ™~ o~

Auedwodfypy ‘Audewod 1ad sBuines

uopanpod [pumue pue don Ty

Figure 16. Energy savings per company for various sectors.

Investment costs are shown in Figure 17. Major costs are found in the sector L68-Real estate activities

because it is presented by 15% of the companies. This sector is followed by C25-Manufacture of

fabricated metals and C10-Manufacture of food products.
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Figure 17. Investment costs of EEMs in different industrial sectors

Average investment costs calculated per one company are about 21 thousand €/company (excluding
the real estate sector).

6.2.2. The SEAP’s cost effectiveness based on the SEAP’s data base

The ex-ante evaluation of the SEAP made in 2010 predicted that the program would result in improved
energy efficiency of 700-1,400 GWh/year or 780-1,560 MWh/year per company (Thollander &
Dotzauer, 2010). Another ex-ante gross impact evaluation of the SEAP was performed in 2012 based
on 130 energy audit reports approved by the SEA. The energy savings for these reports are 20% of the
total energy used by the companies or 120 GWh, which is equivalent to € 15 million investment costs.
The average expenditures of a company for implementation of the measures are 125 EUR/MWh saved.
The program’s cost-efficiency calculations showed the figures 119-237 kWh/EUR (Karlsson et al.,
2012). The evaluation of the German program shows the following figures: total energy saved 1055
GWh/year, energy saved per company 117-197 MWh/year (considering both only reported
implemented and implemented together with suggested measures), 240-555 kWh/EUR public costs
(Gruber et al., 2011; Fleiter et al., 2012b). It is important to note that in the German evaluation, the
savings calculations were made based on NPV.

The gross impact evaluation of the SEAP after three years of the program’s lifetime was made by
Backlund & Thollander (2014). The evaluation was based on 241 approved energy audit reports. The
companies’ energy plans submitted to the SEA reporting system consist of a total savings potential
equivalent to 91.7 GWh representing 55% implementation rate (Backlund & Thollander, 2014). The
average energy efficiency improvement per company was stated to be 460-660 MWh/year.
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6.2.2.1. SEAP’s gross and net energy savings

In the SEAP in total, as was already mentioned, the suggested EEMs result in energy savings equivalent
to 589 GWh/year or 314.5 GWh/year when considering only those measures that were reported to
the SEA as to be implemented within two years. A total of 5,941 EEMs were suggested whereas 3,234
measures were reported to the SEA to be implemented in the next two years, which represents a 53%
implementation rate. On average 4.5 measures were implemented per individual company
(considering only reported measures).

Taking into account a spillover effect of 22% and a free-rider effect of 15% (derived from the company
visits), while neglecting a double counting, the net energy savings (according to Formula 1) increases
to around 630 GWh/year for the suggested measures and to around 340 GWh/year for only the
measures that were reported to the SEA. Thus, the average energy savings per one company are
equivalent to 440 MWh/year (considering only the measures that were reported).

6.2.2.2. NPV of the SEAP’s public and private expenditures

As already mentioned, the SEA’s average cost for one energy audit is about € 2,960. Together with
other costs spent on the program, SEA’s average expenditures for one company are € 4,540. Total SEA
expenditures for the program was € 3.45 million. However, taking into account the approximate
lifetime of EEMs and the discount rate of 6%, the NPV of public cash flows calculated by Formula 2,
this means € 2,665/company or € 2 million in total.

The average cost for an energy audit for the participating companies was € 1,970/company. Thus, the
total average costs of an energy audit in one company are € 6,510 of public and private expenses. The
total investment costs in EEMs by the companies were € 164 million or 214 thousand €/company or
invested € 520/MWh. Considering only private costs without SEA support, the costs for one company
were 216 thousand €/ company (investment costs together with energy audit costs). According to
Formula 2, the NPV of one company’s cash flow was on average 127 thousand €/company or € 96
million in total. Thus, the average payback time for one measure was 7.6 years, considering only the
planned measures corrected for additionality effects.

6.2.2.3. NPV of energy savings

The total net energy savings of 340 GWh/year derived in monetary form result in NPV of € 13 million
if only measures reported to the SEA are implemented, and € 24 million considering all the suggested
measures in the SEAP. In this calculation, free-rider and spill-over effect were considered as well as
using € 65/MWh electricity and heat price.

The SEAP’s cost effectiveness expressed in costs for one measure was around € 700/measure. The
SEAP’s annual cost effectiveness expressed in costs of energy saved is € 7/MWh (considering net
energy savings). This results in 140 kWh/€ saved energy. The ex-post evaluation of the SEAP’s total
duration shows less savings than predicted in the ex-ante estimate as well as less energy saved per
unit of public funding. The cost effectiveness indicators are however in line with Project Highland’s,
and equivalent to € 5.1-11.6/MWh. However, the numbers in the two referenced evaluations do not
consider NPV of the cash flows whereas in this work they are based on the NPV calculations.
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7. Discussion

This study was performed on 713 energy audit reports out of 760 reports approved by the SEA (a total
of 1,020 companies participated in the SEAP). Thus, 25% of the cases did not proceed further (where
40% withdrew their participation application at their own request). According to the SEA’s survey the
reasons were: lack of time and resources, a person responsible for the SEAP left the company, too
much administrative work, other more important investments, economic difficulties, problems with
energy auditors. The rest were not approved by the SEA because the companies did not complete their
progress reports or energy audit reports did not meet the SEA requirements and the companies did
not want to pay for the supplementary work.

The interviews with the companies showed, in turn, that the overall quality of the energy audits was
good and the companies were satisfied with their results. The energy audit results served as an eye-
opener and helped in seeing the whole picture of a company’s energy performance. They can also be
used as decision support for making energy efficiency investments and prioritizing them among other
investments, even though the majority of the companies mentioned that pay-off requirements for
energy investments are no different from other investments related to production or maintenance.
According to the company visits, it was possible to find further energy efficiency improvement areas
in the majority of cases.

As for the spill-over effect, it was noticed that the majority of the visited companies implemented
energy efficiency actions apart from the ones proposed by energy experts. Some EEMs that the
companies had not reported as to be implemented were implemented anyway, resulting in 22% higher
implementation rate. Free-rider effects were estimated to be quite low (15%). Only three companies
said that they would have made an energy audit without monetary support from the SEA. This support
was a good motivation to perform energy use analysis in their facilities which would otherwise seem
costly. 58% of the suggested EEMs were known but there were no plans to implement them and energy
audits triggered the work. Double counting or mutual energy savings caused by participation in other
public programs was hard to estimate, and the scientific literature provides no guidance in this regard
on how to make adjustments, calling for future research to be conducted in this area. This might
somehow be reflected in a stated larger implementation rate of EEMs than what is actually the case.

The majority of the visited companies stated the importance of further energy audits. These audits
would be needed though after some period of time. Alternatively, performing more detailed
investigations for already defined areas may be needed (type 3 energy audits according to the ISO
50 002 classification scheme).

Analyzing the quantitative data from the approved reports, it was found that only 22 % of energy
savings belong to production processes, which does not show that the potential in this area is small
but rather indicates that support processes were the focus for the energy auditors. Among the support
processes, the largest energy saving potential is found in Space heating (24%), Ventilation (26%), and
Lighting (8%). Regarding the industrial sectors, the highest potential for energy efficiency improvement
is found in Manufacture of food products, Manufacture of rubber and plastic products and
Manufacture of chemical products.

630 GWh/year are the total net energy savings from all EEMs suggested in the analyzed 713 energy
audits, which is 12% of the total energy used by these companies. However, the implementation rate
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of the EEMs is 53% (3,234 reported measures out of 5,941 suggested) which is about 4.5 measures per
company. The EEMs reported as to be implemented result in energy savings equivalent to 315
GWh/year (6% of total EEU). However, 37 visits to participating companies revealed 22% higher
implementation rate than reported. These 37 visited companies represent 5% of the 713 companies’
energy use and their energy saving potential is equivalent to 6% of the total energy saving potential.
Considering additionality effects calculated based on the company visits, the net energy savings from
the reported measures increases to 340 GWh/year. Per company, the average energy savings are
equivalent to 440 MWh/year.

The results of the NPV calculations of the public and private cash flows as well as the cash flows of the
SEAP’s energy savings are presented in Table 3.

Table 3. The NPV of public and private cash flows and cash flows of the SEAP’s energy savings.

NPV £, thousand

MPY public perfirm (total costs for SEAP) 2.7
MNP private per firn (costs foravdit +investment costs) 127
MPY public total (total costs for SEAP) 2,025
MNPV privatetotal (costs forEA + investmentcosts) 86,387
MNPV of suggested savings 23,883
MNPV of reported savings 12,747

On average, an individual company invested around € 520/MWh in EEMs. The SEA subsidized around
€ 700 per measure reported to the SEAP. Derived in the amount of energy saved, the SEAP’s cost
effectiveness is € 7/MWh or 140 kWh/€ saved energy per public costs.

A simplified comparison of these results with the international evaluations of several energy audit
programsis given in Table 4 including the US IAC, (Anderson & Newell, 2003; Muthulingam et al., 2009),
the EEAP Australia (Harris et al., 2000), Project Highland (Thollander et al., 2007), and the KfW fund
(Fleiter et al., 2012b). Only actual savings are presented in Table 4 and only cost effectiveness
indicators related to the public expenses.

Table 4. The comparison of several evaluations of the international energy audit programs.

27



MNo. of | No. of| Energy Cost- Specific | MWh/measure | MWh/ Payback,
companies | measures savings, |effectiveness, | savings, year years
GWhiyear | EUR/MWh KWH/EUR per company
USIAC 14,800 55,500 18,833 n/a nia 303 1,278 1.1
EEAP Australia | 1,200 5,640 4 167 n/a nia 736 3,469 13
Project Highland | 139 142 Fi:] 75 85 535 B4T n/a
KW fund 5292 14,500 1,065 1.8-4.1 240-555 70 120 6.1
(1.Ticompany)
Ex-post SEAP 60 3234 340 7 140 104 440 75
(4.5/comparny)

The oldest and largest American audit program accounts for the greatest energy savings, followed by
the Australian program. The comparison of the programs’ cost effectiveness is complicated however
by the fact that different approaches were used during the program evaluations. The American
program was evaluated based on the database records while the Australian evaluation was conducted
through phone interviews with 100 participating companies. The German evaluation is based on online
surveys and statistics from the KfW. The total energy savings were not reported in the German
program and thus were estimated from the surveys. Additionality effects were not considered in the
first mentioned programs nor were the programs’ cost effectiveness indicators calculated in these
energy audit programs. In the American program, the implementation costs were estimated while for
the Australian program an average value of implementation was estimated. Free-rider effect was
partly covered in the evaluation of Project Highland, however, no indicators were proposed. Also, the
cost effectiveness calculations of Project Highland were not based on NPV calculations and thus did
not account for the discount rates and lifetimes of measures. Additionality effects as well as NPV
calculations were considered in the German program. Thus, only the German energy audit evaluation
program and the present evaluation study seem to have indicators calculated in a similar manner.
Comparing the German audit program and the SEAP, the first appears to be more cost effective in
terms of kWh energy saved per public expenses whereas the number of EEMs as well as energy savings
for an individual company is higher for the SEAP. The pay-off time for the German program is also one
year shorter but the public costs were much higher.

8. Conclusion

The evaluation performed in this study shows the overall results of the SEAP. The process evaluation
helped to obtain qualitative data in the form of the participants’ reflections about the program. In
order to shed light on whether it is the SEAP or something else that caused the effect, additionality
effects were included as well. The impact evaluation based on the analysis of approved energy audit
reports helped to estimate the energy efficiency improvement potential, the areas for improvements
as well as the amount of energy saved per public money spent.
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The interview study with the companies showed that the overall energy efficiency awareness among
the visited companies is quite high and energy is considered to be an important issue among them.
The visited companies mentioned that participation in the SEAP helped reduce barriers to energy
efficiency. They mentioned lack of knowledge, lack of interest by top management, lack of time, other
priorities, lack of staff responsible for energy, other priorities for capital investments, and lack of access
to capital. However, the awareness of the companies that withdrew their applications for participation
in the energy audit program can be considered low. This means that barriers to energy efficiency
remain for these companies, which is proved by the fact that many companies declined to participate
in the project, not even considering the companies that did not apply for the program at all. As shown,
customer pressure can play an important role and put energy requirements on companies. Other
mentioned drivers for increased awareness of energy efficiency are energy cost reductions and that
energy is a part of corporate quality work.

One important finding was that in the majority of cases it is possible to find further energy efficiency
improvement areas, underlining the requirement to support energy auditors with such standardized
energy audit tools as an EEMs database, for example. This kind of database based on previous audit
results can show what other EEMs were implemented in similar industrial sectors by similar
companies.

Another important finding is that the companies see the need for further energy audits, which proves
again that an energy audit is only the first step on the way to increased energy efficiency at SMEs. The
interviewed companies recognized an importance of energy management measures and measures
requiring behavioral changes. However, energy management practices for SMEs are relatively
undeveloped and there is a need for further work in that area. Also, since energy efficiency has not
been prioritized among SMEs despite the existing potential and since the companies often do not know
that they have this potential for improvement, there is an obvious need for energy-related education
among SMEs. One possible way to help SMEs can be engaging them in energy efficiency networks
(Paramonova et al., 2014) where they can learn from each other’s experiences. Such networks can also
help to establish energy management practices at SMEs and combined with the aforementioned
database tool to reduce energy efficiency barriers related to SMEs.

Overall, the SEAP can be considered cost-effective even though it resulted in less energy savings that
predicted in the ax-ante evaluation. Also, the satisfaction of the interviewed participants is at a high
level. According to the evaluation results, the SEAP appears to be less cost effective than the German
audit program in terms of kWh energy saved per public costs. However, this kind of conclusion should
be carefully made since the total energy savings from the German program were not reported by the
participating companies but estimated from the results of the surveys. The number of EEMs as well as
energy savings for an individual company are higher for the SEAP. This parameter should also be
compared carefully since the categorization of EEMs can be different in the programs.

This paper adds a significant scientific contribution due to the method used for evaluation. Multiple
company visits and availability of quantitative data from 713 companies gave a possibility to address
the additionality effects and estimate net energy savings more precisely. More consistency in
evaluation methods is needed if the evaluation results are to be comparable among programs and
countries. A common categorization of energy-related data can be defined already at the energy audit
stage. This would not only enable the comparison of the evaluation studies but also would increase
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the quality of energy audits. Assuring the proper recording and reporting of the outcomes of energy
audit programs is very important to make a qualitative evaluation study. In turn, the evaluation studies
should also be properly designed, performed, recorded and reported in order to help policy makers
improve similar forthcoming programs.

Acknowledgements

Acknowledgement is given to the Swedish Energy Agency for funding this research project. Also, warm
regards to the respondents for taking the time to reply to our questions. Additional regards are given
to Elias Andersson, Oskar Arfwidsson and Victor Bergstrand, students at Linkdping University, for their
help with gathering data.

References

Andersson, S. T., Newell, R. G., 2004. Information programs for technology adoption: the case of
energy-efficiency audits. Resource and Energy Economics 26, 17-50.

Backlund, S., 2014. Efficient improvement of energy efficiency in small and medium-sized Swedish
firms. Linkdping Studies in Science and Technology. Dissertations, ISSN 0345-7524. Linkoping:
Linkdping University Electronic Press.

Backlund, S., Thollander, P., 2014. Impact after three years of the Swedish energy audit program.
Energy 82, 54-60.

Berglund, B., 2012. Kvalitativ och kvantitativ undersdkningsmetodik. Chalmers Tekniska Hogskola,
Goteborg [In Swedish].

Bertoldi, P., 2001. Effective policies and measures in energy efficiency in end-use equipment and
industrial processes. In the 2001 Workshop on Good Practices in Policies and Measurers.

Blomqvist, E., Thollander, P., 2015. An integrated dataset of energy efficiency measures published as
linked open data. Energy Efficiency, DOI 10.1007/s12053-015-9341-7.

Bondesson, C.-J, Johansson, B., 2006. Energiradgivning ett vinnande koncept fér svensk industri — En
utvardering av energiradgivningen inom projekt “Utveckling Héglandet”. Linképing University,
Linkdping [In Swedish].

Broc, J.-S. Adnot, J., Bourges, B., Thomas, S., Vreuls, H., 2009. The development process for
harmonised bottom-up evaluation methods of energy savings. Evaluation and Monitoring for the EU
Directive on Energy End-Use Efficiency and Energy Services. Intelligent Energy Europe.

Bryman, A., 2012. Social Research Methods, 4th Edition. Oxford University Press.

Bunse, K., Vodicka, M., Schonsleben, P., Brulhart, M., Ernst, F., 2011. Integrating energy efficiency
performance in production management — gap analysis between industrial needs and scientific
literature. Journal of Cleaner Production 19, 667-679.

30


http://www.evaluate-energy-savings.eu/emeees/en/publications/reports/D4_EMEEES_Final.pdf
http://www.evaluate-energy-savings.eu/emeees/en/publications/reports/D4_EMEEES_Final.pdf

Caffal, C. (1995). Energy management in industry. Centre for the Analysis and Dissemination of
Demonstrated Energy Technologies (CADDET). Analysis Series 17.

EC, 2003. The new SME definition. User guide and model declaration. European Commission,
Enterprise and Industry Publications.

EC, 2006. Communication from the Commission. Action Plan for Energy Efficiency, Realizing the
Potential. European Commission. COM 545, final.

EC, 2012. Energy Efficiency Directive. European Commission; 2012 Directive 2012/27/EU (Official
Journal of the European Union).

ESV, 2012. Programteori och verksamhetslogik — ett metodstdd for Regeringskansliet.
Regeringsuppdrag: 2012:43. Ekonomistyrningsverket [In Swedish].

European Commission, 2011. Proposal for a directive of the European parliament and the European
council on energy efficiency and repealing directives 2004/8/EC and 2006/32/EC. European
Commission, Brussels.

European Union, 2006. Directive 2006/32/EC of the European Parliament and of the Council of 5
April 2006 on energy end-use efficiency and energy services and repealing Council Directive
93/76/EEC. Official Journal of the European Union.

Eurostat, 2008. NACE Rev.2. Statistical classification of economic activities in the European
Community. Eurostat, Methodologies and working papers. European Communities. Accessed 2 June
2015 at: http://ec.europa.eu/eurostat/documents/3859598/5902521/KS-RA-07-015-EN.PDF

Fleiter, T., Schleich, J., Ravivanpong, P., Gruber, E., 2012a. Adoption of energy efficiency measures in
SMEs — an empirical analysis based on energy audit data. ECEEE 2012 Summer Study on Energy
Efficiency in Industry, proceedings, 723-732.

Fleiter, T., Gruber, E., Eichhammer, W., Worrell, E., 2012b. The German energy audit program for
firms — a cost-effective way to improve energy efficiency? Energy Efficiency, 5 (4), 447-469.

Gruber, E., Fleiter, T., Mai, M., Frahm, B.-J., 2011. Efficiency of an energy audit programme for SMEs
in Germany — results of an evaluation study. ECEEE summer study 2011. Energy Efficiency First: the
Foundation of a Low-carbon Society, proceedings, 663-673.

Harris, J., Anderson, J., Shafron, W., 2000. Investment in energy efficiency: a survey of Australian
firms. Energy Policy, 28 (12), 867-876.

ISO, 2014. Energy audits — Requirements with guidance for use. International Standard 1SO 50002.
First edition, 1ISO 50002: 2014 (E).

Karlsson, M., Thollander, P., Rohdin, P., 2011. Impact and process evaluation of the Swedish national
energy audit program for small and medium-sized industries. ECEEE 2012 Summer Study on Energy
Efficiency in Industry, proceedings, 73-80.

31


http://ec.europa.eu/eurostat/documents/3859598/5902521/KS-RA-07-015-EN.PDF

Muthulingam, S., Corbett, C., Benartzi, S., Oppenheim, B., 2008. Adoption of Profitable Energy
Efficiency Related Process Improvements in Small and Medium Sized Enterprises. 5™ European
Conference on Economics and Management of Energy in Industry (ECEMEI-5), proceedings.

Nilsholgersson, 2014. Fastigheten Nils Holgerssons underbara resa genom Sverige - en avgiftsstudie
for 2014. Ett samarbete mellan Fastighetsagarna, HSB, Hyresgastforeingen, Riksbyggen, SABO.
Accessed 7 September 2015

at: http://www.nilsholgersson.nu/rapporter/rapportarkiv/undersoekning-2014/fjaerrvaerme/ [In
Swedish]

Nordpool, 2015. Nasdag Commodities — NASDAQ OMX. Accessed 7 September 2015
at: http://www.nasdagomx.com/commodities

Price, L., Lu, H., 2011. Industrial energy auditing and assessments: a survey of programs around the
world. ECEEE summer study 2011. Energy Efficiency First: the Foundation of a Low-carbon Society,
proceedings, 629-640.

Ramirez, C., Patel, M., Blok, K., 2005. The non-energy intensive manufacturing sector: an energy
analysis relating to the Netherlands. Energy, 30 (5), 749-767.

Rohdin, P., Thollander, P., 2006. Barriers to and driving forces for energy efficiency in the non-energy
Intensive manufacturing industry in Sweden. Energy 31 (12), 1836-1844.

SCB, 2010. Statistics Sweden: Energianvandning i sma och medelstora industriféretag. Accessed
December 31, 2013 at: http://www.scb.se [In Swedish].

Schleich, J., 2004. Do energy audits help reduce barriers to energy efficiency? An empirical analysis
for Germany. International Journal of Energy Technology and Policy, 2 (3), 226-239.

SEA, 2015. Stod till energikartlaggning. Swedish Energy Agency. Accessed 5 June 2015
at https://www.energimyndigheten.se/Foretag/Energieffektivisering-i-
foretag/Energikartlaggningscheck---ett-stod-for-energikartlaggning/ [In Swedish].

SEEAction, 2012. Energy Efficiency Program Impact Evaluation Guide. State and Local Energy
Efficiency Action Network. Schiller Consulting, Inc. Accessed 8 June 2015

at: https://www4.eere.energy.gov/seeaction/system/files/documents/emv_ee_program_impact_gui
de_0.pdf

Shi, H., Peng, S., Liu, Y., Zhong, P., 2008. Barriers to the implementation of cleaner production in
Chinese SMEs: government, industry and expert stakeholders' perspectives. Journal of Cleaner
Production, 16 (7), 842-854.

Shipley, A.M., Elliot, R.E., 2001. Energy efficiency programs for small and medium sized industry.
ACEEE Summer Study, 183-196.

Sorrell, S., Schleich, J., Scott, S., O'Malley, E., Trace, F., Boede, E., Ostertag, K., Radgen, P., 2000.
Reducing barriers to energy efficiency in public and private organizations. SPRU (Science and
Technology Policy Research).

32


http://www.nilsholgersson.nu/rapporter/rapportarkiv/undersoekning-2014/fjaerrvaerme/
http://www.nasdaqomx.com/commodities
http://www.scb.se/
http://www.researchgate.net/journal/1741-508X_International_Journal_of_Energy_Technology_and_Policy
https://www.energimyndigheten.se/Foretag/Energieffektivisering-i-foretag/Energikartlaggningscheck---ett-stod-for-energikartlaggning/
https://www.energimyndigheten.se/Foretag/Energieffektivisering-i-foretag/Energikartlaggningscheck---ett-stod-for-energikartlaggning/
https://www4.eere.energy.gov/seeaction/system/files/documents/emv_ee_program_impact_guide_0.pdf
https://www4.eere.energy.gov/seeaction/system/files/documents/emv_ee_program_impact_guide_0.pdf

Sorrell, S., O’Malley, E., Schleich, J., Scott, S., 2004. The economics of energy efficiency: barriers to
cost-effective investment, Edward Elgar Publishing.

Stengvist, C., Nilsson L.-J., 2012. Energy efficiency in energy-intensive industries — an evaluation of
the Swedish voluntary agreement PFE. Energy Efficiency, 5 (2), 225-41.

STEMFS, 2010. Statens energimyndighets foreskrifter och allmanna rad om statligt stod till
energikartlaggning. Statens energimyndighets forfattningssamling, STEMFS 2010:2 [In Swedish].

Soéderstrom, M., 1996. Industrial electricity use characterized by unit processes a tool for analysis and
forecasting. UIE XIll Congress on Electricity Applications, Birmingham June 16-20, 1996, proceedings,
77-85.

Thollander, P., Danestig, M., Rohdin, P., 2007. Energy policies for increased industrial energy
efficiency: Evaluation of a local energy programme for manufacturing SMEs. Energy Policy, 35 (11),
5774-5783.

Thollander, P., Dotzauer, E., 2010. An energy efficiency program for Swedish industrial small- and
medium-sized enterprises. Journal of Cleaner Production 18 (13), 1339-1346.

Thollander, P., Rohdin, P., Karlsson, M., Rosengvist, J., Soderstrom., M., 2012a. A standardized
energy audit tool for improved energy efficiency in industrial SMEs. ECEEE 2012 Summer Study on
Energy Efficiency in Industry, proceedings, 659-667.

Thollander, P., Rohdin, P., Moshfegh, B., 2012b. On the formation of energy policies towards 2020:
challenges in the Swedish industrial and building sectors. Energy Policy, 42, 461-467.

Thollander, P., Rohdin, P., Moshfegh, B., Karlsson, M., Soderstrém, M., Trygg, L., 2013. Energy in
Swedish industry 2020 — current status, policy instruments, and policy implications. Journal of
Cleaner Production, 51, 109-117.

Thollander, P., Paramonova, S., Cornelis, E., Kimura, O., Trianni, A., Karlsson, M., Cagno, E., Morales,
l., Jimenez Navarro, J.-P., 2015a. International study on energy end-use data among industrial SMEs
(small and medium-sized enterprises) and energy end-use efficiency improvement opportunities.
Journal of Cleaner Production, 104, 282-296.

Thollander, P., Kimura, O., Wakabayashi, M., Rohdin, P., 2015b. A review of industrial energy and
climate policies in Japan and Sweden with emphasis towards SMEs. Renewable & Sustainable Energy
Reviews (accepted for publication).

Trianni, A., Cagno, E., 2011. Energy efficiency barriers in industrial operations: evidence from the
Italian SMEs manufacturing industry. American Council for and Energy-Efficient Economy (ACEEE),
2011 Summer Study on Energy Efficiency in Industry, proceedings, 189-200.

Trianni, A., Cagno, E., 2012. Dealing with barriers to energy efficiency and SMEs: some empirical
evidences, Energy, 37 (1), 494-504.

Trianni, A., Cagno, E., Thollander, P., Backlund, S., 2013. Barriers to industrial energy efficiency in
foundries: A European comparison. Journal of Cleaner Production, 40, 161-176.

33



Trianni, A., Cagno, E., Farné, S., 2014. An empirical investigation of barriers, drivers and practices for
energy efficiency in primary metals manufacturing SMEs. Energy Procedia, 61, 1252-1255.

Trianni, A., Cagno, E., Farné, S., 2015. Barriers, drivers and decision-making process for industrial
energy efficiency: a broad study among manufacturing small and medium-sized enterprises. Applied
Energy, article in press.

Vedung, E., 2007. Utvardering i politik och férvaltning. 2:a upplagan. Studentlitteratur AB [In
Swedish].

Yin, R., 2006. Fallstudier: design och genomfdrande. Upplaga 1:2. Liber AB, Malmo [In Swedish].

34



	Försättsblad
	Evaluation of EKC_JCLP_final
	Abstract
	1. Introduction
	2. Industrial energy audit programs for SMEs
	3. Energy audit quality
	4. The characteristics of the Swedish energy audit program
	5. Methods
	5.1. Process evaluation
	5.1.1. Program theory
	5.1.2. Interviews
	5.2. Impact evaluation

	6. Results
	6.1. Process evaluation
	6.1.1. Quantitative evaluation of the visited companies
	6.1.1.1. Energy use of the visited companies
	6.1.1.2. Energy saving potential for the visited companies
	6.1.1.3. The SEAP’s cost effectiveness based on the company visits

	6.1.2. Qualitative evaluation of the visited companies
	6.1.2.1. Audit quality in the visited companies
	6.1.2.2. Energy strategy of the visited companies
	6.1.2.3. Additionality effects
	6.1.2.4. Further work in the visited companies

	6.2. Impact evaluation based on the SEAP’s data base
	6.2.1. Energy use, saving potential and deployment levels
	6.2.2. The SEAP’s cost effectiveness based on the SEAP’s data base
	6.2.2.1. SEAP’s gross and net energy savings
	6.2.2.2. NPV of the SEAP’s public and private expenditures
	6.2.2.3. NPV of energy savings


	7. Discussion
	8. Conclusion
	Acknowledgements
	References


