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Abstract The energy efficiency gap has been pre-
sented as a prevalent paradox in the literature as
individuals and firms fail to invest money or effort
in seemingly highly profitable efficiency improve-
ments. This article contributes to answering which
management tools promote the realization of eco-
nomic energy savings. This article first provides a
comparison of the barriers to energy efficiency in
firms from the literature with the prescriptions of
ISO standards for energy management. Second, we
provide empirical evidence that such ISO-certified
large Austrian firms increased implementation of en-
ergy efficiency measures by 165% compared to those
firms with business-as-usual decision-making
methods. These higher conservation efforts observed
support the hypothesis that ISO standards are an
effective instrument to overcome efficiency barriers
in an economic way. The main contributing factors
for this achievement are the internalization of the
identification process of savings potentials and set-
ting up a stringent decision-making and governance
process, thereby increasing implementation rates of
measures.
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Introduction

The utilization of (carbon-based) energy sources for
various, previously manual tasks and transportation
has brought an enormous increase in welfare to many.
However, the fossil sources tapped have been shown to
be unsustainable by the International Panel on Climate
Change (Pachauri et al., 2014). At the same time, it is
generally assumed that rational, rent-seeking agents in-
vest in energy-efficient machinery if it is deemed eco-
nomic, considering risks and uncertainties. However,
literature provides plenty of documented, forgone
chances to economically improve energy efficiency, as
summarized by Jaffe and Stavins (1994); reviewed by
Sorrell et al. (2011), Schulze et al. (2016) and Schleich
(2009); described for Germany by Schleich (2009), by
Trianni and Cagno (2012), Trianni et al. (2016) for Italy;
and by Chan and Kantamaneni (2015) for Singapore. A
comprehensive presentation of these non-realized eco-
nomic savings potentials is given by Sorrell et al.
(2004). This phenomenon of non-commitment in appar-
ently economic opportunities was dubbed energy effi-
ciency gap by Hirst and Brown (1990). This energy
efficiency gap is estimated to amount to substantial
monetary (USD 1.2tr. alone in the USA) and energy
savings (23% end use energy in the USA, as estimated
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by Granade et al. (2007)). It poses a paradoxical situa-
tion and is taken for an indication of maladapted behav-
iour or market failures in the literature by Jaffe et al.
(2004). Subsequent studies point to organizational ef-
fects being central to the efficiency gap in firms:
Cooremans (2011) and Cooremans (2012) argue that
managerial and organizational barriers outweigh
economic and market barriers, as strategic aspects of
energy efficiency are prioritized over profitability.
Johansson (2015) states that the organizational imple-
mentation of the energy management process is crucial,
especially in terms of power of the energy manager and
for lowering informational barriers. Mahapatra et al.
(2018) highlight the powerful effect of behavioural
changes in the work force in heavy industry. Lawrence
et al. (2019) identify organizational effects in firms as
most hindering barriers. Backlund et al. ( 2012b) sug-
gested extending the term efficiency gap to contain
organizational energy efficiency measures (EEMs) to
capture their effect in the overall potential. A further
extension to the efficiency gap, the ‘energymanagement
gap’ representing the additional conservation achievable
with better energy management, was shown to be sig-
nificant by Paramonova et al. (2015). This article fol-
lows these authors’ lead in highlighting an organization-
al method to overcome these barriers and supports it
with empirical evidence. The findings are summarized
as Hypotheses in this section below.

To overcome the energy efficiency barriers induced
by market failure effects, several policy measures have
been proposed and implemented (Sorrell et al., 2011).
Drivers for implementing EEMs have been proposed
and reviewed by Thollander and Ottosson (2008) and
Trianni et al. (2017). Their effectiveness and efficiency
have been analysed by Rietbergen et al. (2002) and
Redmond and Walker (2016). However, Jaffe and
Stavins (1994) show that of these implemented policy
measures, most (such as technical standards and subsi-
dies) are only second best in welfare economic terms.
Taxes can be a first best option to reduce externalities by
incentivizing investment in energy-efficient technology,
as shown in Wirl (1997) and discussed by Howarth and
Andersson (1993). One instrument to overcome infor-
mational barriers, implemented by the European Union
from 2009 on, are prescribed energy efficiency audits.
These have been shown to be cost-effective by Fleiter
et al. (2012) and Paramonova and Thollander (2016).
However, these energy audits’ effectiveness in terms of
highlighting the full energy efficiency potential is left

unassessed. Therefore, one can say that not many effec-
tive and efficient tools are established to stipulate energy
efficiency in firms and therefore welfare.

One of these very few welfare-efficient instruments
to overcome the efficiency gap has been proposed by
Backlund et al. (2012a, 2012b) and Fawcett et al. (2019)
as good energy management practices such as those
prescribed in ISO 50001 (ISO, 2011) and ISO 14001
(ISO, 2015). These management frameworks have been
shown to generate in aggregate 1% to 1.6% of additional
savings by Rietbergen et al. (2017). Anderson and
Newell (2004) find that within government-sponsored
energy audits focusing on low-hanging fruits, firms
implemented about half of the recommended measures.
However, no control group data has been available in
these studies, preventing the additionality effect of these
audits to be accounted for. Energy service contracts may
also lower barriers, but have been reported to have
limited applicability mainly due to transaction costs
(Nolden and Sorrell, 2016). The study that comes clos-
est to our work is that of Schleich (2009) who investi-
gates barriers for the German industry in survey data and
concludes that most barriers are significant. However,
the study is limited in two respects: it does not include
whether measures are cost efficient for the individual
organizations, or which measures were implemented
and the subsequent realized energy savings. In this
article, we provide a representative sample of large
Austrian firms providing evidence for the effectiveness
of such management systems.

We follow Jaffe and Stavins (1994) who define ‘en-
ergy efficiency’ to mean energy services provided per
unit of energy input (e.g. litres of water heated to a
specified temperature per cubic meter of natural gas
input). A barrier for energy efficiency, as defined by
Sorrell et al. (2011), is ‘a postulated mechanism that
inhibits investments in technologies that are both energy
efficient and apparently economically efficient’. By the
term efficiency gap, posed by Gerarden et al. (2015), we
mean the general phenomenon that not all such mea-
sures are implemented, which might be caused by mar-
ket barriers. We follow Jaffe and Stavins (1995) in
categorizing these barriers as economic, behavioural
and organizational.

Management systems (henceforth abbreviated as
‘MS’) provide what can be summarized as frameworks
for ‘good management practice’ by stipulating a strin-
gent set of policies and organizational processes in order
to ensure a ‘continuous improvement cycle’. In the case
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of energy management in firms (Lawrence et al., 2019),
such a management system is provided for example by
the standard ISO 50001 (ISO, 2011). We follow Jaffe
et al. (2004) that resistance to change (equipment or
behaviour) can be rational due to the non-negligible risk
of impairment of product quality or production flow.
Even more significant is that possible failures of new
equipment (implemented as EEM) can bear such high
penalties to the decision-maker that, although the prob-
ability might be low, efficiency opportunities are not
followed. Whether this barrier stems from rational risk
assessment and uncertainty, or maladapted decision-
making shall not be discussed here.

Our claim is that by having an energy management
system in place, these barriers and several others can be
substantially lowered. Hypothesis 1 summarizes these
arguments:

Hypothesis 1: Barriers to energy efficiency are
lowered by energy and environmental manage-
ment systems, and therefore more savings mea-
sures are implemented in those firms with such
systems in place when compared against those
employing usual management practices.

In the context of this article, ‘usual management
practice’ implies all other practices of decision-making
related to energy efficiency projects. In our control
group, these were represented by those firms not having
implemented management systems according to EN
ISO 50001 or EN ISO 14001 and deciding on energy
investments in their traditional way.

The non-implementation of apparently economic
EEMs may originate from a lack of information on the
decision-making process: information on the risk of
failure or performance of a new and technically different
(but more efficient) technology is naturally limited.
These barriers can be regarded as perceived risk in
contrast to the usual uncertainty (about certain aspects
of performance of the technology) which can be quan-
tified and therefore incorporated in investment decisions
(Sutherland, 1991). This distinction is crucial since the
potential loss from the involved risk can be much higher
(orders of magnitude, we found) than those from an
uncertain performance, say not meeting the expected
energy efficiency benchmark. Specifically, production
halts or product recalls were reported as concerning,
possibly due to new equipment being inappropriate or
malfunctioning due to ‘unforeseeable’ reasons. The

inherent risk of a new technology therefore can render
the whole EEM uneconomic. Moreover, testing equip-
ment in order to ‘convert’ this risk to measurable uncer-
tainty is not only costly, but by the nature of the unique-
ness of most production processes (e.g. a new, efficient-
ly regulated pump as part of a specialized production
line), this testing can only be done in house, posing
opportunity costs for personnel as described by Jaffe
et al. (2004). In the commercial and industrial sectors,
case studies and survey evidence provide the bulk of the
empirical evidence (Concepción López Fernández and
Serrano-Bedia, 2007), with firms indicating that produc-
tion disruptions and inconvenience can preclude invest-
ment in energy efficiency (EU, 2014) (Schleich, 2009).
These barriers hint at various unmeasured costs, project
risks and uncertainty that are unlikely to be well quan-
tified in estimated implementation costs and projected
annual savings. Examples thereof are provided by
Simader (2017). These barriers have been introduced
in the cited literature but have, to the best of the author’s
knowledge, not been represented in empirical data in an
independently quantified and then firm-reviewed man-
ner. This article fills this gap.

Reducing performance uncertainty in many cases
cannot be achieved by gathering information from the
market or original equipment manufacturers, but often
has to be obtained by testing the new technology in the
given production process, hence involving several units
of an organization. Moreover, it necessitates stringent
organizational processes in terms of specialization, for-
malization and centralization which can be provided by
a management system (Concepción López Fernández
and Serrano-Bedia, 2007). As an example, we give the
extreme case of a pharmaceutically certified production
line (‘qualified’ in Good Manufacturing Practice par-
lance): by this pharmaceutical standard, it is certified as
it is—including all peripheral supply appliances at the
time of certification. Any change requires (potentially) a
recertification of the whole line (including several test
runs and quality checks and the corresponding meticu-
lous documentation, taking weeks up to months). This
extends as far as to replacements of minor parts of
production, e.g. pump drives. This example certainly is
an extreme case but demonstrates the principle that
implementing EEMs includes several organizational
parts of a firm to work together in a complex way.

These barriers increase upfront costs which reduces
adoption likelihood even further due to maladapted
decision-making, as Decanio (1998) identified. Taking
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the effort and costs of testing into account, to an outside
observer or technical auditor, apparently economic mea-
sures can become uneconomic. Hence, we doubt the
seemingly large potential identified by external ob-
servers comparing technology standards such as in
Granade et al. (2007).

We argue that management systems can reduce these
costs of information acquisition significantly, thereby
reducing the organizational barriers mentioned in the
last paragraph: By providing for the firm-internal com-
munication channels, management systems can reduce
perceived risks by transferring the costs of information
acquisition (e.g. testing) to the responsible (research)
department. Thereby, synergies can be realized and the
costs are not perceived as additional implementation
costs, count as process R&D. Thereby, we expect
availability-biased and base rate–neglected decision-
making to be reduced. We specify these arguments in
Hypothesis 2:

Hypothesis 2: Whether or not proposed mea-
sures are implemented depends highly on the
perceived risk and the management style.

We specify the arguments above concerning the eco-
nomic viability of MS in firms in Hypothesis 3:

Hypothesis 3: Energy and environmental man-
agement systems are a profitable means of
implementing organizational processes in firms
in order to get economic energy efficiency mea-
sures implemented.

In order to test these hypotheses, data was gathered in
2015 and 2016 of firms which performed energy effi-
ciency audits either internal or external. This process
was initiated by the European Union Energy Efficiency
Directive (Directive 2012/27/EU). It prescribes all
member states to have all large firms perform technical
energy efficiency audits in order to highlight energy
efficiency improvement measures, henceforth referred
to as ‘audits’. National implementations vary. In most
states, firms had the options of having (accredited)
external auditors performing these audits, or if they
had an ISO 50001- or ISO 14001-certified management
process in place, working out measures by their own
staff. That is, a firm reached compliance by either an
external service provider or by certifying the internal
process for EEM implementation. For compliance to the

law, the incentives to implement management systems
can be regarded as limited since the costs of these
exceed those of audits by a factor of 3 to 6 due to the
much wider scope of MS. These costs were obtained in
this study in the form of invoices and budgets which
cannot be disclosed. In the longer perspective, the ben-
efits of MS outweigh the higher costs as we will show
below. Also, MS are highly economic as the efficiency
increase they induce covers the upfront costs in less than
the 4-year EU-EED audit period.

In the remainder of this article, we present the applied
methodology in the ‘Methodology’ section, followed by
the dataset and its background in the ‘Empirical data’
section. In the ‘Results and discussion’ section, we
interpret the data and provide support for the hypothe-
ses. The ‘Conclusions’ section concludes with the dis-
cussion and outlook.

Methodology

Data on all 2200Austrian firms which had to perform an
audit or have a MS in place was gathered by the
‘Monitoringstelle Energieeffizienz’, a private agency
contracted by the Austrian government for supervising
progress on the EU’s policy. However, the quality of the
data does not allow its use for our purposes here as the
chosen mode for compliance (audit or MS) cannot be
matched to firms’ savings in the agency’s database. We
investigated all EU countries’ energy efficiency direc-
tives implementation mechanisms. No other EU country
collected relevant data centrally, but all had different
authorities perform random compliance checks. Hence,
the dataset we collected for this study is unique. Other
ecological-driven policies distort the statistics in some
countries. For example in Germany, energy tax refund-
ability depends on having an energy MS in place, there-
by providing a strong incentive (energy MS adoption is
high in Germany). To our purpose, we matched two
datasets: the identified potential from the external or
internal energy audits and the energy savings from
implemented measures in the 2 years after these audits.
Control variables such as industry type (via NACE
code), total energy consumption, energy intensity and
revenue were collected in the sample (see Appendix
Table 7).

We chose a bottom-up approach for gathering the
data. For the control group (employing business-as-
usual energy management), the efficiency potential
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was identified via external energy audits performed by
officially accredited energy auditors (one of them is the
author of this article). Audits had to follow the EN
16247 (1) technical energy auditing standard and its
respective parts for production, buildings or transport
energy consumption, and the Austrian energy efficiency
law implementing the EU energy efficiency directive.
The efficiency potential was divided into three catego-
ries: production-, transport- and building-related savings
potentials. Audit results were standardized in reporting,
technical identification, description, calculation of mea-
sures’ (potential) savings and form of presentation to the
firms. Therefore, communication, documentation and
workflow were diligent and standardized for the whole
sample. Firms’ management level to whom the audit
results (energy flow analysis and potential EEMs) were
presented was the firms’ choice.

This audit modus ensured much more robust and
reliable results than a top-down, technology-wise
assessment as presented by e.g. Solnørdal and Foss
(2018). Economic feasibility was assessed by the
auditors for each identified measure and each
underwent a quantitative costs and savings analysis.
A crucial aspect was the risk of production disrup-
tion or of possible product quality impairment as a
result of implementing an EEM. Related to that, a
rating was given for each EEMs’ organizational
implementation-effort and risk on a point scale
from 0 to 1. The exact rating methodology is given
in Appendix 1. This thorough investigation includ-
ed an expert opinion on quantifying the savings in
kilowatt-hours through technical assessments based
on measurements and energy flow analysis. Imple-
mentation costs, including firm-internal ones such
as personnel costs from organizing the change,
were estimated by the same experts together with
the firms’ counterparts. Organizational or process-
relevant changes were assessed for each EEM on a
point scale from 0 (substantial changes) to 1 (minor
ones). This collection of implemented EEMs
followed the requirements by Austrian law for
white energy efficiency certificates (Adensam
et al., 2013). A major problem in top-down studies
is that (often small) efficiency improvements are
superimposed by (often much larger) production
volume changes and other covariates. The two ma-
jor biases in this regard are production volume and
seasonal weather fluctuations. Both were controlled
for by normalizing to a base line or standard year

in terms of individual production volume, or
heating degree days in the respective area of the
sites. For establishing that the means of the three
groups were significantly different from each other,
we compared them pairwise with a standard t-test.
Correlation factors between all variables were cal-
culated in order to relate our sample to theory and
identify possible further effects. The correlation
matrix is provided in the ‘Empirical data’ section
in Table 2. For assigning the observed variations of
the effect (EEM implementation rate) to control
parameters, an analysis of variance (ANOVA) is
presented in the Appendix in Table 5.

As an example of the involved complexity, the
treatment of compact fluorescent light bulbs as
interchangeable with other forms of lighting, as
performed by Granade et al. (2007), is given here.
Treating these light sources as interchangeable ig-
nores the different light spectra and thereby the risk
of adverse utility changes. Quantifying this aspect
is difficult and highly depends on the application.
Then again, non-energy-related benefits such as
improved process flow or quality can increase
EEMs profitability (Rasmussen, 2017). But in the
case of compact fluorescent light bulbs, their mer-
cury content and additional disposal costs were
neglected as a detrimental factor in the mentioned
study. We incorporated these secondary factors
(both positive and negative) in our analysis in the
variable ‘organizational effort’ or the implementa-
tion costs when assessing the EEMs (Appendix
Table 4). This assessment was cross-checked by
firms’ technical staff. All EEMs’ aspects were in-
cluded in presentations in front of plant managers,
thereby providing incentives for the external and
internal auditors to apply due diligence in these
assessments. These presentations were the first step
in budget allocation and created awareness of the
savings potential with the management. These pre-
sentations were the same in content and style for
both groups of firms. Implementation difficulty,
performance uncertainty and risk factors of each
EEM were aggregated on firm level. Nominally,
these barriers were positively framed as ‘project
maturity’ (in the German original: ‘Ausgereiftheit
der Überlegungen’), and summarized on a point
scale from 0 (high risk or effort) to 1 (low risk,
uncertainty or effort). Points were given as follows:
0 for a plain idea, 0.5 if an idea was firm-internally
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conceived and cross-checked and 1 point for a
readily worked out measure awaiting implementa-
tion. Only economic and viable measures (by this
grading) qualified for consideration as part of a
firm’s aggregated efficiency potential. Economic
viability was judged by comparing the measures’
ROI with the firms’ stated threshold rate for invest-
ments. The minimum ROI considered was 4% per
annum, exceeding the respective firms’ cost of cap-
ital, and therefore can be deemed profitable. In the
MS group, measures partly came from the firms’
documentation, additional to the auditors’ results,
and were all assessed as described above. The
quality of the assessment of the measures can be
regarded as similar between the groups. The iden-
tified effects can therefore be attributed to the
decision-making and management process as the
technical, organizational and economic barriers
were carefully incorporated in the assessments of
measures. Measures below 1MWh annual savings
are not part of our sample due to the costs of the
certification process, and the low market price of
the certificates (2015 average price was 65€/MWh
(Schuch and Simader, 2017)). This absence as well
as such small measures’ frequency is symmetrical
for both the MS and the control group (Table 1).
The data is complete insofar as the auditors were
exclusively in charge for each firm, thereby
avoiding selection bias.

The data from the audits in terms of energy
efficiency potential and the white certificates in
terms of implemented EEMs were gathered from
May 2014 to March 2016 and encompassed 121
firms out of which 51 complete datasets could be
extracted. Together with firm-specific aspects such
as industry, revenue and type of management sys-
tems in place, one database was compiled (see
Appendix 2 for the data). Great care was taken in
order to only include measures implemented after a
firm did an audit or implemented a management
system in order to allow the inference of a causal
relationship. Double counting and seasonal effects
can be excluded by the extended methodology pre-
scribed by the Austrian state for issuing these white
certificates (Adensam et al., 2013). The dataset is
cross-sectional in manufacturing, services and con-
struction industries. The whole dataset has been

collected by the auditors themselves. The selection
of firms is based on their number of employees and
revenue, focusing on ‘large’ firms by the definition
of the EU (revenue >50M€, >249 employees by
headcount). Out of a total of 2200 such qualifying
and legally obliged Austrian firms, 293 were
approached (randomized) to have an energy effi-
ciency audit conducted with us. A total of 121
decided to work with us. Firms had to pay the
expenses on a market price basis. Competition
was high, usually several auditors offered their
service to one firm. Non-response bias is ruled
out as all firms were obliged by law to perform
an EE-audit. We checked the distribution of reve-
nue and energy consumption in our sample for the
two sectors ‘process’ and ‘buildings’, (fuels for
transport weexcluded) with no evidence of system-
atic inhomogeneity or skewedness within or be-
tween the groups. Outliers such as energy service
companies and an airline were excluded (for both,
the data is not representative due to electricity grid
losses counting as energy demand, and in the case
of airlines, consumption is distorted as only fuel
taken up in Austria is counted no matter how long
the trip). Hence, out of the total of 293 firms, 51
complete datasets could be extracted, and 45 were
taken into account (after exclusion of the mentioned
outliers).

We do not consider the effect of high discounting,
observed by Jaffe et al. (2003), in firms as a barrier itself
but as an ex post effect often wrongly identified as such
since it is a means of measuring the ceteris non paribus.
To the contrary, we conjecture that the perceived imple-
mentation risk of EEMs is one factor contained in these
asserted discount rates.

Empirical data

We measured energy savings bottom up for each mea-
sure. All the data was collected by the authors them-
selves from the firms directly or their respective energy
service providers. Both the savings potential and real-
ized savings were related to the total energy demand of
the respective firm (excluding fuels for transportation)
for normalization as firms’ energy consumption varied
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widely (from 0.9 to 173 GWh annually) after excluding
the outliers.

Within this data, firms with MS and the control
group with external audits were represented as
dummy variables. Both ISO 50001 (energy) and
ISO 14001 (environmental) MS focus on energy
efficiency improvements and prescribe a detailed
process to identify potentials, develop them into
projects, manage energy investment decisions and
carry out and monitor projects as outlined above.
In the control group where firms performed exter-
nal audits, this process was outsourced to a service
provider up until the decision process. In the case
of the environmental MS ISO 14001, the priority
of energy efficiency as part of the gross environ-
mental impact was chosen by the company. In all
companies with environmental MS, energy savings
had a high priority.

In the control group, firms either did not have any
certified management system implemented or had a
non-energy-related one, e.g. quality MS (ISO 9001),
or health and safety MS (ISO 42001). For control
purposes, the ones with any non-energy-related MS
were identified separately. Here, it has to be added
that the energy intensity of these firms was controlled

for in the form of (manufacturing) process energy
demand. None of the firms’ energy costs exceeded
3% of total costs (apart from the excluded outliers
which were energy service companies and one air-
line). Process energy demand can also be seen as a
proxy for potential in-house technical competence
since the manufacturing firms mostly had technical
staff in house to maintain facilities.

One further observation from Table 2 is that
manufacturing firms or firms with a higher share of
process energy consumption were significantly more
likely to have a MS in place.

Paradoxical as it may seem that a certificate is
needed to act economically, the wide adoption in
certain industries (e.g. car manufacturing in Eu-
rope) of environmental and energy management
systems is a clear sign that the presented insight
(Hypothesis 1) has been found there (Bonacina
et al., 2015). While our work provides a strong
case for management systems reducing market,
behavioural and institutional efficiency barriers,
our empirical work cannot give insight which of
these specifically is lowered by how much. This
interesting question opens further research
opportunities.

Table 1 Assessment of the measurement model

Item Mean St. dev. Share of sample** (%)

Firms revenue (M€) 2671 15,453 -

Energy consumption (GWh) 41.5 41.8 -

Process consumption* (%) 54.2 43.0 -

Buildings cons.* (%) 32.7 39.0 -

Energy efficiency potential* (%) 11.1 10.6 -

Realized savings* (%) 2.3 2.6 -

EEM maturity level (eq. to 1-risk)*** 0.70 0.14 64.4

Any MS implemented - - 46.7

Energy or environment. MS in pl. - - 28.9

External audit performed - - 71.1

Sector: Manufacturing - - 53.3

Sector: Services - - 44.4

Sector: Construction - - 2.2

*Per cent values in relation to total energy end use excluding fuels (GWh)

**Per cent of sample size (45)

***Data available for n = 28, points scale normalized to 1
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Results and discussion

We find that firms with MS in place increased
energy efficiency measure implementation by
165% compared to the control group. This effect
was measured in kWh saved per year originating
from implemented EEM bottom up. That is, for
each EEM, the energy saving effect was measured
or calculated in terms of an expert opinion. In
order to compare the effect between firms, this
amount of energy was divided by the respective
firms’ total energy consumption, excluding trans-
port for normalization. The detailed methodology
is described in the ‘Methodology’ section. From
this increase in EEMs implemented, we find sup-
port for Hypothesis 1. This effect is depicted in
the distribution presented in Fig. 1 and 2 summa-
rized in Table 3.

The increase of 165% of implemented savings mea-
sures in terms of kWh saved clearly stands out signifi-
cantly in our empirical results. These higher conservation
efforts in firms withMS in place mainly result from better

organized energy management processes. Note that this
does not mean that firms’ overall energy consumption
decreased by as much, as savings are assessed bottom up,
and hence substitution and rebound effects cannot be
excluded in the aggregate. Specifically, several firms in
the sample increased output in the observed period, there-
by increasing their overall energy consumption. If this
had an effect on the considered EEM, it was corrected for
by the base line adjustment described in the ‘Methodol-
ogy’ section.

Fig. 1 Implemented energy
savings versus management style

Table 3 Results of energy efficiency measure implementation
compared with management style

Firms’ management style Implemented e-eff savings* (% of

total demand)

No certified MS (control group) 1.7

Non-energy MS implemented 2.3

Energy or environmental MS
implemented

4.5

*(GWh saved per anno by 2014 or 2015 implemented measures
per GWh of total consumption, excluding transportation fuels)
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A t-test within the MS group of firms having any
MS in place versus those with only energy or envi-
ronmental MS resulted in a p-value of 0.26. There-
fore, a distinction of which MS type is most effec-
tive cannot be drawn. From the significant differ-
ence in means of our two main groups, we conclude
that firms focusing on good management practice
implement more EEMs than ones with business-as-
usual energy management, thereby supporting Hy-
pothesis 1 and providing further support for good
management practice increasing a firms’ profitabili-
ty (Bloom and Van Reenen, 2010).

Further results can be seen from the correlation
matrix in Table 2. Interesting there is the significant
and high anti-correlation of identified efficiency po-
tential versus implemented EEMs. We identify two
main drivers for this paradox: first, firms with a MS
in place have already harvested the ‘low-hanging
fruits’ which an external auditor may find. Second,
the filter for feasible measures is more refined in
firms with a MS system in place. This was demon-
strated by firms’ energy managers’ given reasons as
to why implementation was not performed (yet) for
most EEMs not implemented.

The respective medians are for firms with no MS
14.3%, any MS 7.3% and an energy or environmental
MS 7.8%.

The higher the process share of energy consumption,
the higher the likelihood of the firm having a MS in
place and the more EEMs were implemented.

Contrary to expectations, the measure for imple-
mentation risk, or ‘EEM maturity’ as it was posed in
the field study (which is its inverse), is not signifi-
cantly correlated to EEM implementations. But, if
controlled for the management style in place, a sig-
nificant effect of this risk could be observed, as
shown in Fig. 3. The results of the corresponding
regressions and ANOVA are given in Appendix Ta-
ble 5. Two factors were regressed on EEM imple-
mentation: project maturity, i.e. perceived risk, and
management style, the ladder showing a significant
effect. We found that firms with an energy or envi-
ronmental MS in place raised energy efficiency by
165% compared to firms with no specific energy
management processes. An ANOVA calculation of
both regressions resulted in a significant interaction
term of management style and perceived risk.

From these results, we conclude that the man-
agement style indeed has an explaining role in how
much EEMs are implemented. Also, implementa-
tion of MS serves as a mediator to perceived im-
plementation risk. That is, we found that in firms
with MS in place, the more thoroughly EEMs were
worked out, the more were implemented. For firms
with usual management practices, no effect of this
risk measure could be identified. Hypothesis 2
therefore is supported by the data.

The implementation and maintenance of MS pose
costs for the firm. We found that most firms employ
external advisories in the initial MS implementation
phase in addition to the necessary external certifica-
tion agents. These external costs were in most cases
exceeded by the internal personnel costs for setting
up the MS. Since no firm in the sample hired an
additional full time energy manager, these labour
costs are often perceived as opportunity costs by
personnel. The economic benefit of MS’ higher en-
ergy savings has to be confronted with all these
implementation costs. In order to address whether
MS are cost efficient for firms including these hidden
costs, we compared them with the surplus generated
by the implemented EEMs after accounting for each
EEMs corresponding investment cost (if there were
some). The highest costs occur in the initial MS
implementation phase (lasting typically 6 to
12 months) with a median in our sample of EUR
34,000 (st. dev. EUR 25,000). After that, yearly
‘recertification’ and internal personnel costs are in
the median of our sample EUR 17,000 (st. dev.
9.400), or 300 personnel-hours. These costs have to
be covered by the EEMs in excess to their specific
implementation costs. As a method for economic
assessment, we chose the payback period of the MS
costs, as no lifetime can be attributed to a manage-
ment practice.

This analysis resulted in an average payback time of
3.7 years. In regard of 72% of firms having MS imple-
mented for a longer time than that and comparing with
the duration of the 16-year EU energy efficiency plan
(2014 to 2030), we conclude that MS are a highly cost-
effective means of energy efficiency management. We
therefore conclude that Hypothesis 3 is supported. That
is: an energy or environmental management system is
earning a firm money.

 45 Page 10 of 18



Energy Efficiency (2021) 14: 45

Fig. 3 Intersecting regressions of perceived risk on energy savings, grouped by management style

Fig. 2 Identified economic e-eff
savings potential versus manage-
ment style
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Conclusions

We found that firms having certified energy or environ-
mental management systems (according to ISO 50001
or ISO 14001) in place do increase their energy efficien-
cy measure implementation by 165% compared to firms
employing business-as-usual energy management. This
higher EEM implementation rate supports our main
hypothesis that management systems lower several bar-
riers for energy efficiency. We conclude that we have
identified and found empirical support for an economic
and effective means of overcoming the efficiency gap in
firms.

This article extends the panel data analysis presented
by Paramonova et al. (2015). That is, management
systems act as a driver for EEM implementation,
supporting the claim of Paramonova et al. (2015) and
adding a driver to the list in Rohdin and Thollander
(2006). In aggregate, the 49 firms in our sample con-
sumed 1865 GWh a year and realized savings of 58
GWh, that is 3.1% of their total consumption. The
aggregated efficiency potential is 166 GWh or 8.9% of
firms’ total consumption (excluding fuels for transpor-
tation). These results compare well with Paramonova
and Thollander (2016) who worked on data derived
from firms applying a more stringent payback filter.
Previous research on barriers to energy efficiency has
mostly been revolving around case studies where a few
studies, e.g. Schleich and Gruber (2008), extend the
scope and perform a survey. Similarly, the studies on
energy management in industry (e.g. Backlund et al.
(2012a, 2012b)) have so far been mainly conducted
via surveys (e.g. Lawrence et al. (2019), or those
reviewed by Jeffers and Lee (2019)) or case studies
only. Therefore, only limited inference on the aggregate
could be obtained so far. The current study thus makes a
major contribution by adding empirical results on the
impact of MS in firms. We present a diligent bottom-up
approach which is the unique strength of this study
since, as to the best of the authors’ knowledge, no work
exists that captures a comparable scope of industries and
at the same time the presented depth of externally
audited bottom-up data on energy efficiency measures,
using a control group and showing that management
systems in fact reduce barriers to energy efficiency.

We provided evidence that the perceived risk
associated with the implementation of EEMs

represents an explanatory factor as to why some
EEMs were not implemented, supporting the find-
ings of Cooremans and Schönenberger (2019).
Which factors of this perceived risk exactly are
reduced as a barrier could not be explained, posing
potential for further research.

From our finding of MS being an effective means to
increase production efficiency in one input (energy),
four implications can be drawn: first: as argued by van
der Linde and Porter (1995), streamlining production
processes is not automatically performed, but an incen-
tive scheme for economic actions must be provided. We
present evidence that an energy or environmental MS
does provide such an incentive scheme. Second, from
the fact that firms featuring other types of MS (non-
energy-related ones) increased their EEM implementa-
tion, we infer that in general a structured decision-
making process provides for a significant improvement
in conservation efforts, as conjectured by Trianni et al.
(2016). Third, from the variance of EEM implementa-
tion in the control group (with no MS in place), we
conclude that certification of MS is not the relevant
driver effectiveness but the quality of implementing
good management practice is. Fourth, reputational ben-
efits aside, a management system is an effective method
for firms to increase their competitive advantage by
lowering their cost base. We show that MS are a highly
economic instrument to foster energy efficiency in firms
with a cost-benefit breakeven period of 3.7 years after
implementation, as has been postulated by Bergmann
et al. (2017).

The apparent policy implication is to (further)
encourage the implementation of energy and envi-
ronmental management systems in ‘large’ firms,
that is firms with more than 250 employees or
more than 50M EUR in revenue as covered by
our sample. Whether this holds true for small- and
medium-sized enterprises is open to further re-
search. Furthermore, putting into context firms’
corporate environmental strategy and sustainability
claims would be interesting with respect to identi-
fying drivers for EEM implementation.

The take away from this study is that energy and
environmental management systems increase firms’
productivity, reduce their ecological impact, and thereby
are highly beneficial both to their financial bottom line
and to society.
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Appendix 1. Audit methodology

Each identified measure was not only quantitatively
assessed but also risk and uncertainties were taken
into account by two of the four criteria ‘organiza-
tional effort of implementation’ and ‘maturity of
considerations’. The former representing the risk
of production disruptions, probable product quality
standard uncertainty, the ladder the depth of plan-
ning put into the measure.

All measures received a weighted grading according to

PRZ ¼ ½W � � 3þ ½O� � 3þ ½A� � 2þ ½E� � 1

where measures with zero points in one of the four cate-
gories were excluded. An example of such measures, their
grading and evaluation is given in Table 6.

Table 5 Regressions and ANOVA for MS style as mediator of EEM implementation

Item Estimate Std. err. t-value Pr(>|t|)

Regressions maturity of EEM on EEM
implementation (1)

Intercept 0.0157 0.0199 0.790 0.436

EEM maturity (matur) 0.0016 0.0278 0.057 0.955

MS style on EEM implementation (2)

Intercept 0.0125 0.0045 2.789 0.00785**

MS style (env_energyMS1) 0.0266 0.0071 3.748 0.00053***

Interaction of mgmt.-style and EEM maturity (3)

Intercept 0.031 0.019 1.602 0.12

Management style (env_energyMS1) −0.087 0.040 −2.170 0.04*

EEM maturity (matur) −0.027 0.027 −0.999 0.33

Interaction (env_enrrgyMS1):(matur) 0.152 0.057 2.65 0.014*

ANOVA (two way)1 RSS Sum of Sq. F Pr(>F)

(1) <-> (3) 0.00796 0.00395 6.2 0.0065**

(2) <-> (3) 0.00796 0.00226 3.54 0.044*

Significance codes: ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05; 1 for ANOVA same dataset of n = 28 in all models

Table 4 Assessment of e-eff potentials identified in the audits

Criteria 1 point 2 points 3 points Weight

Economic feasibility
ROI [W]

>6 3–6 0–3 3

Organizational effort of
implementation [O]

High: risk of prod.
disruption/quality issues

Medium: possible prod.
disruption, no Q-issues

Low: no disruption, no Q-issues 3

Maturity of EEM [A] Low: idea of the ext.
auditor

Medium: idea was endorsed
by techn. staff

High: worked out idea of int’l staff or
very simple implementation

2

Energy saving potential
(absolute) [E]

< 0.05% 0.05 to 1% > 1% of total E- consumption 1
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Appendix 2. Aggregated dataset

The following table provides the dataset. Extreme
outliers (energy service companies and an airline)
are removed, hence the missing IDs. Used revenue
data had to be excluded due to non-disclosure
agreements.

The following variables were obtained for the dataset:
Firm ID; Revenue [M€]; implementation of

which norm (implement_norm); has had MS be-
fore 2014 (hashad_MS); intern. / external audit
(int_audt1_ext0);e-Consumption buildings [GWh]
( c n sm p t n _ b l d g s GWh ) ; E - C o n s um p t i o n
processes[GWh] (cnsmptn_procGWh); process

consumption out of total [1] (przt_process_of_tot).;
e-Consumption transport [GWh] (cnsmpt_trnspt);
total energy consumption 2014 [GWh] (totl_e-
consumpt2014GWh) ; savings potential identified
2015 [GWh] (svngs-pot-identfd2015); potential out
of total (przt_potential_of_total); realized savings
2014/15 [GWh] (rlzd_svings2015); realized savings
out of total [1] (przt_rlzd_per_tot); realized savings
out of identified [1] (przt_rlzd_of_idntfd); coded
variables [1/0]: any MS 1, Audit 0; only env./
energy MS 1; has-had any MS 1, Audit 0; has-
had only env./energy MS;

Data on implementation costs of MS is available
upon request but cannot be made publicly available.

Table 6 Exemplary e-eff measures

Rank Measure Payback

period

Organizational

effort

Maturity Saving

potential

Priority

number

Energy

saving

potential

(kWh/a)

First

cost*

(€)

Capital

cost**

(€/a)

Energy

cost

saving

(€/a)

Payback

period***

(a)

RIO

(%p.a.)

1 Lamp replacement
HQL 450W->120W
LED 50 lamps

3 3 3 3 27 74,300 18,450 799 7400 2.80 1.35

2 Energy monitoring:
electricity and gas on
building level

3 3 2 3 25 112,500 14,000 606 8400 1.80 2.04

3 Compressed air:
shutdown during
non-operation time

3 2 2 3 24 56,500 700 85 5700 0.12 1.03

4 Compressed air
leakage
measurement and
elimination

3 3 3 2 24 25,900 2000 87 2600 0.80 0.47
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