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Abstract

The 25 million of European small and medium-sized enterprises (SMEs) represent 99% of businesses and account for the
two thirds of total employment and a half of Gross Domestic Product. Thus, SMEs are considered as the backbone of Euro-
pean’ economy. The crucial importance of energy efficiency and its potential in SMEs is worldwide recognized. However,
the energy use and consumption information of SMEs are very limited, and the disaggregated data between SMEs and large
enterprises are often not available at national or European level. The aim of this work is to present a methodology for the
energy consumption characterization of European SMEs at national level. The proposed methodology, based on the com-
bination of official national energy statistics and energy consumption data according to the European Energy Efficiency
Directive Article 8, has been developed and applied to Italy and Austria. Preliminary results show significant differences in
the relative weight of SMESs’ energy consumption between the two countries mainly due to their specific productive struc-
tures. The application of this methodology to the available data on further five European countries provides useful insights
on the impact of different national approaches to comply with Art.8. This methodology shows that harmonizing the different
strategies to monitor energy audits obligation would significantly help to characterize the energy consumption of SMEs in
Europe. Additionally, the knowledge of the distribution of energy consumption between large enterprises and SMEs would
help in assessing the impact of mandatory and voluntary energy audits on potential savings in industrial and tertiary sectors.
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Abbreviations

AT Austria

BE Belgium

BG Bulgaria

DE Germany

DK Denmark

EA Energy audit

EED Energy Efficiency Directive
EL Greece

ES Spain

EU European Union

FI Finland

FR France

GIC Gross Inland Consumption
HR Croatia

HU Hungary

IEA International Energy Agency
IT Italy

LE Large enterprise

LT Lithuania

MT Malta

NACE Statistical classification of economic activi-

ties in European community

NEB National Energy Balance

NMVOCs Non-methane volatile organic compounds
PEFA Physical energy flow accounts

PPAs Power purchase agreements

PT Portugal

SBS Structural Business Statistics

SE Sweden

SME Small and medium-sized enterprise
Introduction

The availability of comprehensive, reliable, consistent, and
internationally comparable energy statistics is the first step
in understanding energy market development and supporting
policy planning. High-quality energy statistics are needed
to understand, quantify and analyze the impact, cost, risk
and benefits of policy options and also to monitor their per-
formance indicators and expected impacts (Millard 2016).
Additionally, robust energy statistics are necessary to evalu-
ate the impact of energy subsidy and energy efficiency poli-
cies (Li & Solaymani 2021).

Since the mid-1970’s enormous efforts have been made in
this field (United Nations 2018). Current European energy
statistics are comprehensive and provide insight to analyze
the role of energy in the economy. However, in the past
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decades, several studies have analyzed the limitations on
the availability and quality of data (Freeman et al. 1997),
the difficulties in developing physical indicators (Farla &
Blok 2000) and proposed models and indicators to analyze
the impact of policies on energy efficiency (Patterson 1996).
Very few industrial sectors characterized by a limited and
homogenous range of products (glass, steel, cement, chlo-
rine, lime, plywood, aluminum, ammonia, methanol, and
ethylene) provide detailed critical analysis of the energy sta-
tistics. In the chemical industry, a sector characterized by the
complexity of processes and heterogeneity of products, no
solid conclusions on the development of energy efficiency
could be drawn with data up to 2008 (Saygin et al. 2012)
and several recommendations have been made to improve
the quality of its statistics (Neelis & Pouwelse 2008). Other
studies focused on improving the quality of non-energy use
data which accounts for 7% of European energy consump-
tion (Weiss et al. 2008).

This paper is focused on the definition of a novel meth-
odology to estimate energy consumption at national level
of small and medium-sized enterprises (SMEs), which are
the backbone of the European economy. The importance
of SMEs is shown by the economic database of Eurostat’s
Structural Business Statistics (SBS), which is categorized in
NACE sections and divisions (the European standard clas-
sification of productive economic activities). They employ
more than 100 million people, produce more than half of
Gross Domestic Product and drive the increase in value
added in every industrial and commercial sector (Di Bella
et al. 2023). SMEs economic statistics are well consolidated;
while, there is a lack of energy-related data for SMEs at
European and National level. The contribution of academic
work, at methodological level, should be usefully combined
with national policy planning, in terms of its information
needs. Indeed, the quality of existing energy-related data for
SME:s is currently insufficient to provide a sound scientific-
based support to the policy-making cycle.

The International Energy Agency (IEA) estimates that
global consumption of SMEs accounts for about 13% (IEA
2015) of total global energy demand; while, their environ-
mental impact is estimated to be about 60% to 70% of indus-
trial pollution (including CO,, SOx, NOx, PM10, NMVOCs
emissions, waste, and hazardous waste) in the European
Union (EU) in 2010 (Constantinos et al. 2010). Indeed, pol-
lutant prevention techniques can be applied to SMEs with
both environmental and economic benefits (Midzi¢ Kurtagic¢
et al. 2016).

Reducing the energy consumption of SMEs and increas-
ing their energy efficiency is crucial for economies,
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environment, and SMEs themselves (De Schepper et al.
2014). The development of specific environmental sustain-
able policies for SMEs induces an increase in the finan-
cial efficiency of the companies, despite the increasing of
production constrains (Cariola et al. 2020). Despite of the
importance of energy efficiency issues in SMEs, both the
development of specific policies and research in the field are
still scarce (Johansson et al. 2019).

The estimation of potential of energy efficiency in SMEs
ranges between 10% (Fresner et al. 2017) and 30% (IEA
2015) with cost-effective measures, of which 37% could be
achieved with zero capital investment (BEIS 2014). How-
ever, the implementation of energy efficiency improvements
in SMEs is lagging due to a lack of information, technical
expertise and financing (Fleiter et al. 2012; Thollander et al.
2013). In this context, the development of energy audits
can be considered the first step in understanding the struc-
ture of energy consumption of companies and promoting
energy efficiency (Chiaroni et al. 2017), and can be sup-
ported by energy management systems tailored to SMEs
(Laurinkeviciaté & StasisSkiené, 2011). The SMEs need dif-
ferent mechanisms and incentives compared to large compa-
nies. For example, capital investment is generally considered
a barrier to the SMEs; hence, other schemes such as power
purchase agreements (PPAs) can be considered to help
SME:s to reduce their energy impact (Raybould et al. 2020).

Research gap and contribution

The importance of energy efficiency policies is a topic of
increasing interest in research.! Due to the intrinsic hetero-
geneity of the SME sector, designing energy efficiency poli-
cies specifically for SMEs remains a difficult task. The most
successful approaches include promoting the development
of energy audits (Kalantzis & Revoltella 2019), balancing
the economic and supportive policies (Thollander, Kimura,
et al., 2015), implementing energy efficiency networks as
cost-effective actions for industrial SMEs (Johansson et al.
2022), and targeting interventions through strategic segmen-
tation (Thollander & Dotzauer 2010). The main reviews on
the field are usually focused on industrial SMEs and claims
for a limited development of research and policies (Johans-
son et al. 2019), and the data availability of energy end-use
information at an aggregated level in SMEs is scarce and
limited to a sample of voluntary SMEs (Thollander, Para-
monova, et al., 2015). Hence the lack of available informa-
tion makes policy formulation a great challenge.

' 110 papers have been published in Scopus since 2007 under the
search query: “energy” AND “efficiency” AND (“smes” OR “sme”)
AND (“policy” OR “policies”).

Mapping SMEs energy consumption is an important
preparatory step to support a coherent planning of energy
and environmental policies at national level and to achieve
long-term saving targets. Despite the high importance of
SME:s in both economic and energy terms, the methods to
quantify their energy consumption at national level are lack-
ing and estimates have been developed in a very limited
number of papers published in the literature (Mazhar et al.
2022). In general, there is a lack of information about the
methodologies applied to evaluate the energy consumption
of SMEs. The available quantifications are often based on
surveys at sectoral level and, for these reasons, they are not
easily replicable for additional countries. As a consequence,
quantitative analyses on the energy efficiency potential of
SME:s at national level are still scarce.

According to Trianni and Cagno (Trianni and Cagno
2012), industrial SMEs in Italy could achieve 60% of domes-
tic consumption, accounting for 16 Mtoe (Fondazione per
lo sviluppo sostenibile and CNA, 2021). In Sweden, 30%
of industrial energy consumption is due to non-energy-
intensive SMEs (Paramonova & Thollander 2016). In the
UK (and some other countries), the SMEs could account for
more than half of total industrial and tertiary energy con-
sumption (Fawcett & Hampton 2020). In Turkey, the poten-
tial of the energy efficiency of SMEs represents 42% of all
the manufacturing industries (Ozbilen et al. 2019).

The research work presented in this paper, developed in
the framework of the LEAP4SME project, aims to introduce
a novel methodology to characterize the energy consump-
tion of SMEs using data obtained from official energy sta-
tistics and from the national transposition of Article 8 of the
Energy Efficiency Directive (EED). On the one hand, Article
8 of Energy Efficiency Directive requires large enterprises
(non-SMEs, LEs) to comply with the energy audit obligation
every four years. On the other hand, the Member States must
develop programs to encourage SMEs to develop energy
audits and implement energy efficiency measures. Thus, the
Art.8 of EED covers two complimentary aspects, the obliga-
tions for large enterprises, and underlining the importance
of energy efficiency in the SMEs (Nabitz and Hirzel 2019).

The energy consumption of large companies can be esti-
mated by means of the Art.8 EED databases at national
level. These databases are usually managed by ministries
or national energy agencies. This information is partially
available in some countries, for the first cycle of mandatory
audits 2015-2018 (Ricardo Energy and Environment, 2018),
and the update data are only available for some countries
such as Sweden (Berg 2019), Austria and Italy (Reuter et al.
2021). In this work, the data from Italy and Austria of large
enterprises have been updated, refined, and made public.

The energy statistics of the Member States, at coun-
try level, are yearly published by Eurostat. Specifically,
the global characterization of all the energy consumption
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associated with the economic activities are reported on the
National Energy Balance (NEB), the cornerstone of Euro-
pean energy statistics, and the environmental-economic
accounts such as Physical Energy Flow Accounts (PEFA),
that provide complementary energy information.

This work presents a novel refined and detailed method-
ology to calculate the aggregated energy consumption of
the SMEs at national level in Europe, in order to provide
scientific evidence for policymaker, one of the objectives of
the “Science for Policy” (or “Knowledge for Policy” K4P)
principle from EU (Sienkiewicz and Mair 2020) This meth-
odology lays the foundations for a subsequent disaggrega-
tion to different economic sectors to promote tailor-made
policies after strategic segmentation, one of the most effec-
tives approaches for policy-making on energy efficiency on
SMEs (Bradford and Fraser 2008). For its characteristics,
this method could be adapted and replicated in different
European countries. Specifically, in this paper a detailed
study of scenarios for Italy and Austria and a preliminary
extrapolation to other EU countries are presented. For the
first time, a range of SMEs energy consumption is provided
for a set of European countries: This outcome represents
key information both to scientific knowledge, and to policy
planning and monitoring.

In addition, the uncertainties of the method are analyzed
in detail. The main uncertainties are related to energy statis-
tics, such as the correction methods between NEB and PEFA
to allocate the transportation consumption, or to the trans-
position, implementation and monitoring of Art.8, which is
crucial to determine the available information to be used in
this methodology, and thus to obtain a reliable estimation of
SME:s energy consumption.

Methodology

In this section the energy statistics framework is described,
including a description of NEB and PEFA and the bridge
table correction between them. SMEs energy consumption
has been evaluated by considering two different approaches
defined as “Base” and “Refined” that differ in the main
assumptions applied in the calculation of consumption at
national level. For each of them, a statistical correction is
applied (bridge table correction), resulting in four different
scenarios:

1. Base method—without bridge correction (BASE-PEFA)

2. Refined method-without bridge correction (REFINED-
PEFA)

3. Base method—with bridge correction (BASE-BRIDGE)

4. Refined method—with bridge correction (REFINED-
BRIDGE)
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Energy data sources

The estimation of energy consumption of European SMEs
proposed in this paper is based on two main data sources:
national consumption data from large enterprises (managed
by Energy Ministries or Agencies) and the official energy
statistics published by Eurostat (European Statistical Office).

The first data source is “the large enterprises energy con-
sumptions database” (according to EED Art. 8) collected
and elaborated by the national energy agencies of Italy and
Austria.

The second is the official national energy statistics pub-
lished by Eurostat (European Statistical Office) in two main
databases: National Energy Balances (NEB) (Eurostat
2022a) and Physical Energy Flow Accounts (PEFA) (Euro-
stat 2022b) (Reference year 2017). Hence, the presented
methodology combines public information from national
statistics, detailed by energy transformation and use, with
data from national energy agencies, focused on the final con-
sumption of large enterprises.

The National Energy Balance is the statistical source
accounting for energy products and their flow in the economy
of a country. The NEB is the key tool for the comprehen-
sive analysis of the domestic energy supply and demand in
domestic energy markets, monitoring the impacts of energy
policies and analyzing the role of energy in the economy.
Eurostat’s methodology for the calculation of NEB is based
on the physical energy content method, which considers the
primary energy source as its primary energy equivalent (calo-
rific value for combustible fuels, and heat or electricity for
other sources). The energy balances follow the first law of
thermodynamics and are divided into three blocks: top block
(supply), medium block (transformation input and output,
consumption of energy branch and distribution losses), and
bottom block (non-energy final consumption and disaggre-
gated final energy consumption). The Gross Inland Consump-
tion (GIC) is an indicator that aggregates the overall consump-
tion of medium and bottom block, including all the primary
and final energy uses. Moreover, GIC ensures the continuity
between old and new Eurostat statistics. Hence, the GIC is
used as the main value of the total energy consumption of a
country, and as the reference value in this work.

The evolution of GIC in the NEB has been previously
used in literature to analyze the impact of energy policies at
country level in the EU from different perspectives such as
the replacement of fossil fuels and nuclear with renewables
(Magda et al. 2019), the reduction of energy inequalities
between European clusters of countries (Saez et al. 2018);
or the impact of energy prices and taxes on energy intensity
(Filipovi¢ et al. 2015).

Figure 1 shows the distribution of energy consumption in
the different economic sectors for all EU-28 countries. It is
possible to observe that in a general overview the Gross Inland
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NATIONAL ENERGY BALANCE - EU 28 - 2018 - GIC = 1340 Mtoe
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Fig. 1 Distribution of Gross Inland Consumption in the NEB (EU-28, 2018 year). Data from (Eurostat 2022a)

Consumption of the EU is divided into approximatively five
parts: transformation conversion (mainly in power sector),
household use (without considering private transportation),
transportation (all means), industry use, and others (mainly
primary and tertiary sectors, non-energy uses, energy sector,
and distribution losses). Additional analysis can be done to
examine the relative contribution of each energy carrier.

Physical energy flow accounts (PEFA) integrate environ-
mental and economic data in order to analyze the interac-
tions between anthropic (economy) and natural (environ-
ment) systems. PEFA record the energy flows.

e From the environment to economy, in terms of natural
inputs,

e Within the economy, in terms of flows of energy and
non-energy products,

e From economy to environment, in terms of residuals.

PEFA is based on the residence principle, accounting for
the energy flows related to resident unit’s activities, regard-
less of the geographic location where the activities take
place. PEFA data complement the traditional NEBs and are

comparable with the economic data of National Accounts.
Figure 2 depicts the total energy use by resident units in
the EU-28 countries. The distribution of energy use on
households and economic activities by NACE sectors can
be observed. By definition NACE sectors include only eco-
nomic activities, excluding households. NACE classification
is hierarchically structured into 4 levels:

e 21 sections identified by alphabetical letters A to U (i.e.,
C-Manufacturing)

e 88 divisions identified by two-digit numerical codes (01—
99) (i.e., 17 Manufacture of paper and paper products)

e 272 groups identified by three-digit numerical codes
(01.1-99.0) (i.e., 17.2 Manufacture of articles of paper
and paperboard)

e 615 classes identified by four-digit numerical codes
(01.11-99.00) (i.e., 17.24 Manufacture of wallpaper)

It can be observed in Fig. 2 that excluding consumption
due to housing (around 26% of the total) the economic activ-
ities responsible for the highest consumption, accounting
for almost 60% of the total, are the manufacturing sector
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PEFA - EU28 - 2018 - Energy use by resident units = 1495 Mtoe
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Fig. 2 Distribution of Total Energy Use in the PEFA (EU-28, 2018 year) Data from (Eurostat 2022b)

Fig.3 Scheme of analyzed
scenarios a PEFA scenario, b
Bridge scenario (with proposed
bridge correction)
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(NACE G, 26%), the electricity, gas, steam and air condition-
ing supply sector (NACE D, 20%), the transport and storage
sector (NACE H, 11%), the sector wholesale and retail trade
(NACE G, 3%), the construction sector (NACE F 2%) and
agriculture, forestry and fishing sector (NACE A, 2%).

Table 1 Proposed reallocation of the “Bridge table” difference

PEFA—Net domestic energy use

Land transport 50% NACE H/50% Household Transport

.. . Water transport NACE H
The two main discrepancies between the NEB and PEFA .
databases are related to the structure of data and the aggrega- Ar transport NACEH
. . .. g.g & Other adjustments and ALL ACTIVITIES (proportional to
tion of the consumption. On the one hand, it is possible to statistical discrepancies  consumption)

observe the different allocations of consumption. For exam-
ple, households account for 19% of the GIC in NEB but for
26% of the total energy use in PEFA. This difference is due

to the fact that PEFA include the energy consumption of resi- in final non-energy consumption and distribution losses (51%

dential transportation. Another example is the allocation of
NACE C and D economic sectors that account for 46% of the
consumption in PEFA. These consumptions are aggregated as
transformation, industry sector, energy sectors, and partially
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of NEB). On the other hand, a difference of 10% of global
consumption is observed between the GIC (1340 Mtoe) and
total energy use of PEFA (1495 Mtoe). Moreover, it is impor-
tant to note that these differences observed at European level
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Fig.4 Scheme of GIC distribution (left) and the allocation of “PEFA and “BRIDGE” scenarios (right) according to “Base method”

can also vary at national level. Hence, it is necessary to evalu-
ate the reconciliation of data at country level.

PEFA bridge table correction

Due to the differences between the NEB and PEFA data-
bases, Eurostat provides a “Bridge table” to reconcile the
data from both databases (Eurostat 2018). The “Bridge
Table” explicitly shows the difference between the “domes-
tic energy use” derived from PEFA and the GIC from NEB
(Fig. 3a). This divergence is mainly due to the different
accounting of transportation fuel consumption. The PEFA
follows the “residence principle” where the energy use is
accounted for the resident units independently of where
it takes place; while, NEB follows the “fuel-sales-on-the-
territory” principle. PEFA database accounts for the energy
consumption by NACE activity. A breakdown of fuel con-
sumption among the different economic sectors and house-
holds, depending on the means of transportation, is proposed
in Table 1. In particular, “Land transportation” discrepancy
is accounted 1:1 between “Household” (that represent the
80% of energy consumption by cars and motorcycles) and
NACE H sector (20% of cars consumption and 100% of
trucks, aviation, and buses). Fuel consumption by sea and
air transport is assigned to NACE sector H (Transport and
storage). Finally, other statistical adjustments are assigned
in proportion to the consumption of the sector.”

2 The basis of this allocation hypothesis is that cars account for 50%
of the EU energy consumption in the transport sector, trucks for 30%,
aviation for 12%, rail/water for 4% and bus/motorcycles for 4% (Euro-
pean Environment Agency 2011). Additionally, in order to disaggre-
gate residential and professional use of cars, national information can
be used: for example, in Italy the 20% of cars are dedicated to profes-
sional use (UNRAE 2020).

The impact of this adjustment is schematically pre-
sented in Fig. 3. The scenarios “Bridge” includes this
modification, in contrast to “PEFA” where the consump-
tion of household and public companies is not modified.
It is important to note that the allocation of bridge values
between different NACE codes depends on the statistics of
each country. Hence, in some cases this adjustment can be
positive or negative.

Base method

In this section, details about the base method function-
ing will be provided, based on the statistical sources pre-
viously described. The starting point of the methodology
is Gross Inland Consumption (GIC), which, as described
in Fig. 1 based on NEB, includes the energy consumption
of households, private companies (LEs and SMEs), public
entities and the non-energy consumption. Thus, the energy
consumption of SMEs can be calculated from GIC by dif-
ference, as follows (in square brackets is presented the data
source’) in Eq. 1:

3 In parenthesis is presented the acronym used in the official data-
bases for each energy consumption. In square brackets is presented
the data source [NEB] — National Energy Balance (Eurostat 2022a);
[PEFA]—Physical Energy Flow Accounts (Eurostat 2022b); [EED
Art.8] — National database of Art.8 implementation, for Italy and
Austria this work, other countries (Ricardo Energy & Environment,
2018). For example, FC_NE [NEB] corresponds to Final Non-Energy
Consumption (i.e., natural gas for ammonia production) in National
Energy Balance database.
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REFINED METHOD
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Fig.5 Scheme of GIC distribution (left) and allocation of “PEFA and “Bridge” scenarios (right) according to “Refined method”

SMEs Energy Consumption(Base Scenario)
= Gross Inland Consumption(GIC[NEB])
— Final Non — Energy Consumption(FC_NE[NEB])
— Household(no transport)(FC_OTH_HH_E[NEB])
— Household Transport(HH[PEFA] — HH_TRA[NEB])
— Public Sector(NACE O + P + Q[PEFA])

— Large Enterprises Energy Consumption[EED Art.8]
ey

This formula is schematically presented in Fig. 4 (left).
The sum of all energy consumption sections is the national
GIC. The disaggregation of the other terms is presented
in the different areas of the figure, with the data source in
brackets.

In this formula, both NEB and PEFA terms are
included. Non-energy consumption, included in NEB,
must be excluded from this calculation. The consumption
of households is obtained from the PEFA database (that
includes all the energy uses) and the NEB (that excludes
residential transportation). The consumption of public
sector is obtained from PEFA, considering that their
activities are mainly related to the NACE sectors “O”
(Public administration and defense; compulsory social
security), “P” (Education) and “Q” (Human health and
social work activities). Finally, the aggregated consump-
tion of large companies is obtained by the national EED
Art. 8 databases.

This approach (BASE-PEFA) is enriched with an alter-
native scenario including the bridge correction (BASE-
BRIDGE), as shown in Fig. 4 (right), which represents
the sectoral distribution of the GIC and the allocation
of the differences between “PEFA” and “BRIDGE”
scenarios.
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Refined method

The refined method involves three hypotheses for improving
the base method; the data to support these hypotheses are all
available from NEB. SMEs energy consumption is obtained
according to Eq. 2:

SMEs Energy Comsumption(Refined Scenario)
= Gross Inland Consumption(GIC[NEB])

— Distribution Losses(DL[NEB])
— International Aviation(INTAVI[NEB])
— Final Non — Energy Consumption(FC_NE[NEB])
— Statistical Differences(STATDIFF[NEB])
— Household(notransport)(FC_OTH_HHE[NEB])_)
— Household Transport(HH[PEFA] — HH_TRA[NEB])
— Public Sector(NACE O + P + Q[PEFA])

— Large Enterprises Energy Consumption[EED Art.8]
(@)
In particular, three new terms are included in the equa-
tion for GIC. First, “distribution losses” (mainly electrical
transmission and pipeline losses) not considered in the base
method are added to the analysis because they are gener-
ally excluded from the energy consumption of LE derived
from energy audits. Second, the refined method excludes the
consumption of “international aviation,” covering the quan-
tities of fuel delivered based on the departure and landing
location, regardless of the nationality of the company; the
consumption of domestic companies should be considered
primarily in the context of EED Art. 8 energy audits. Finally,
statistical differences are excluded from the consumption of
private enterprises.
This approach (REFINED-PEFA), as in the case of the
base method, is complemented by an alternative scenario
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Table 2 Estimation of SMEs

N Italy BASE [ktoe] REFINED [ktoe]

energy consumption in Italy

[ktoe] PEFA BRIDGE PEFA BRIDGE
Gross Inland Consumption GIC [NEB] 159,513 159,513 159,513 159,513
Distribution losses DL [NEB] 1992 1992
International aviation INTAVI [NEB] 3419 3419
Final non-energy consumption FC_NE [NEB] 7915 7915 7915 7915
Statistical differences STATDIFF [NEB] -352 -352
Household (no transport) FC_OTH_HH_E [NEB] 32,899 32,899 32,899 32,899
Household transport HH [PEFA]—HH_TRA [NEB] 20,705 18,033 20,705 18,033
Public sector NACE O+P+Q [PEFA] 5919 5799 5919 5799
Large enterprises Art. —ENEA 49,620 49,620 49,620 49,620
SME total Calculated 42,456 45,246 37,396 40,187
SME total % GIC 26.6 28.4 234 25.2
Large enterprises 54% 52% 57% 55%
SMEs 46% 48% 43% 45%

Table3 Estimation of SMEs Austria BASE [ktoe] REFINED [ktoe]

energy consumption in Austria

[ktoe] PEFA BRIDGE PEFA BRIDGE
Gross inland consumption GIC [NEB] 34,423 34,423 34,423 34,423
Distribution losses DL [NEB] 624 624
International aviation INTAVI [NEB] 737 737
Final non-energy consumption FC_NE [NEB] 1652 1652 1652 1652
Statistical differences STATDIFF [NEB] -0.8 -0.8
Household (no transport) FC_OTH_HH_E [NEB] 6594 6594 6594 6594
Household transport HH [PEFA]—HH_TRA [NEB] 3163 4840 3163 4840
Public sector NACE O+P+Q [PEFA] 904 1040 904 1040
Large enterprises Art. S—AEA 17,026 17,026 17,026 17,026
SME Total Calculated 5,082 3,270 3,721 1,908
SME Total % GIC 14.8 9.5 10.8 5.5
Large enterprises 77% 84% 82% 90%
SMEs 23% 16% 18% 10%

including the bridge correction (REFINED-BRIDGE), as
shown in Fig. 5. This figure shows the distribution of energy
consumption in the GIC and the allocation of the differences
between “PEFA” and “Bridge” scenarios for the “Refined
method”.

Results and discussion

Detailed estimation of SMEs consumption in Italy
and Austria

The estimations of SMEs energy consumption in Italy and
Austria are presented in Tables 2 and 3, respectively.

The estimation of household consumption (including

transportation) varies from 50.9 to 53.6 Mtoe in Italy and
from 9.7 to 11.4 Mtoe in Austria. The consumption of pub-
lic entities in Italy achieves 3.6% of GIC and 2.7% in Aus-
tria. The reported consumption of large enterprises under
Art.8 accounts for 49.6 and 17.0 Mtoe in Italy and Austria,
respectively.*

In the Italian case, the relative weight of SMEs energy
consumption spreads from 23.4% of GIC in the case

4 It is important to note that, in the case of Italy this is a minimum
value (lower threshold) based on the analysis of more than 12,000
energy audits (reference years 2019-2021), but the energy audits of
the fourth year of the cycle are still under evaluation to date.
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Table 4 Estimation of energy

Adjustment

X GWh ktoe

consumption of LEs under EED

Art.8 AT 200,554 17,245
BE 30,824 2,650
BG 11,190 962
IT 49,620
MT 999 86
ES 259,036 22,273
SE 182,638 15,704

AEA (This work) and (Ricardo Energy & Environment, 2018)

Extrapolation from 265 companies [Wallonia] to 1050 obli-
gated companies

Extrapolation from 69 companies to 400 obligated companies
ENEA (This work)

Extrapolation from 80% obligated companies

“REFINED-PEFA” to 28.4% of GIC in the case of “BASE-
BRIDGE”, with 7.85 Mtoe of total difference. In these sce-
narios the rate of energy use from SMEs/LEs varies from
43/57% to 48/52%, almost a 1:1 ratio in the last scenario. In
any case, it is possible to note that the energy consumption
of SMEs reflects their importance for the national economy
activities.

In Austria the consumption of SMEs varies from 5.5% to
14.8% of GIC (a 3.17 Mtoe discrepancy) from “REFINED-
BRIDGE” and “BASE-PEFA,” respectively. The ratio of the
consumption of SMEs/LEs varies from 23/77% to 10/90%.
Hence it is possible to note that the consumption of SMEs is
significantly lower than that of large enterprises.

It is important to highlight that the application of differ-
ent methods and scenarios allows the definition of a range
of SMEs energy consumption for each country. Firstly,
the “Base method” tends to overestimate the consumption
of SMEs due to the allocation of losses and aviation fuel
consumption. Secondly, the “Bridge correction” implies
a different impact depending on the country. This correc-
tion reduces the household transport consumption by 2.7
Mtoe (— 13.0%) in Italy, and it increases in Austria by 1.7
Mtoe (+34.6%). Hence the “Bridge correction” presents
a different trend in the two countries and its impact is not
negligible. Finally, the different approaches are strongly
dependent on the global GIC. The Italian GIC is practi-
cally quintuple of Austria; hence, the differences due to
the approach have a higher effect in the Austrian case,
increasing the relative weight of SMEs compared to LEs.

The different results for Italy and Austria can be corre-
lated with the economic structure of the SMEs in the differ-
ent countries. From a general point of view, both countries
with a strong industrial capacity, could be considered similar
in terms of share of SMEs and value added of the indus-
try, respectively, 99.7% and 19.7% for Austria and 99.9%
and 17.7% for Italy. Moreover, the SMEs of both countries
present higher value added (66.9% Italy, 62.0% Austria,
56.4% EU) and employment (78.1% Italy, 68.4% Austria,
66.6% EU) than the EU average (Eurostat 2023). However,
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Italy and Austria present strong divergences in the SMEs
performance.

The main reason is the weight of SMEs manufacturing,
where the SMEs energy consumption is mainly concen-
trated. In Italy, manufacturing is the first SME sector, pro-
viding 30.4% of SME value added (European Commission
2019b). In Austria, the biggest SME sector is “wholesale and
retail trade” with a 20% of SME turnover, followed by manu-
facturing (OECD 2022). Hence, the importance of SMEs in
manufacturing, which generally includes energy-intensive
industries, drives a structural difference between the range
obtained in energy consumptions.

Another important fact is linked to the higher environ-
mental (and directly energy) performance of Austrian SMEs
with respect to Italian SMEs (European Commission 2019a).
Austrian SMEs rank highest in the EU in environmental
indicators. In 2017, practically half of Austrian SMEs have
received governmental support for resource-efficiency, while
only 17% of Italian SMEs were supported. Thus, another
aspect to observe a lower energy consumption can be cor-
related with the higher energy efficiency of Austrian SMEs.

Finally, other aspects that can impact in the lower energy
consumption of Austrian SMEs could be a) the higher aver-
aged size of Austrian SMEs (5.9 people) compared to Italian
SME:s (3.1 employees), that can drive a better awareness of
energy issues at company level; b) the higher average SME
labor productivity in Austria (62,700 €/employee) compared
to Italy (62,700 €/employee), that marks a higher value
added of the activities, uncoupled of energy consumption;
and c) the density of SME:s is sensibly higher in Italy (> 70
SMEs/1000 inhabitants) than in Austria (3040 SMEs/1000
inhabitants) (Gonzales et al. 2014).

These differences are also presented in the policies for
SME energy efficiency in the different countries. On the one
hand, the more popular Italian policies are directly corre-
lated to manufacturing SMEs (and include also large enter-
prises), namely White Certificates and Energy-Intensive
Industry program (Energivori in Italian). On the other hand,
the klimaaktiv is the Austrian climate protection initiative
that includes different sub-programs focused on industry,
services, or buildings (Biele et al. 2022).
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Table 5 Estimati(_)n qf SMEs [ktoe] IT AT BE BG MT ES SE

energy consumption in 7

European countries according Gross inland consumption 159513 34424 57451 18,128 726 122176 49231

;%piESéNED'BRIDGE Distribution losses 1992 625 366 469 19 2506 904
International aviation 3419 737 1368 220 124 3943 633
Final non-energy consumption 7915 1652 8458 496 9 4940 2178
Statistical differences —352 -1 -29 —-170 0 —1693 210
Household (no transport) 32,899 6595 8135 2254 81 15,063 7462
Household transport 20,705 3164 2952 630 106 15,917 3669
Public sector 5919 904 1623 320 30 3149 701
Large enterprises 49,620 17,027 10,261 5578 86 27,842 15,704
SME total 37,397 321 24,318 8333 271 50,419 17,769
SME total (%GIC) 23.4 10.8 42.3 46.0 374 413 36.1

Application to other EU countries

The proposed methodology has been subsequently applied
to other EU countries using publicly available energy con-
sumption data of large enterprises under EED Art.8. The
public information is partial and refers to the first cycle of
mandatory energy audits (Ricardo Energy and Environment,
2018). Hence, the values presented must be considered only
qualitatively in order to assess the potential replicability of
the method and to discuss policy recommendations, also
relative to the implementation of EED Art.8. The data from
Belgium, Bulgaria, Malta, Spain, and Sweden have been
extrapolated to the complete number of obligated compa-
nies assessed by National Ministries (Hirzel et al. 2016), as
presented in Table 4.

Table 5 presents the estimated energy consumption of the
SME:s in the 7 EU countries according to the refined method
that presents a downward estimation of energy consumption.
The relative weight of SMEs in GIC spreads from 36.1%
from Sweden to 46.0% in Bulgaria. The estimations of the
five countries present a significantly higher consumption
with respect to GIC than Italy and Austria. The main reason
is likely to be the uncertainty of the values used, which prob-
ably underestimates the consumption of LEs. Indeed, the
values considered are referred to the first cycle of the Art.8
implementation mechanism, and the number and quality
of the national information collected in the second cycle is
expected to be higher, as already witnessed by some national
experiences. Once this information will be available on a
wide basis, the evaluation could be easily updated.

The impact of the different scenarios on the estimation
of SMEs energy consumption in the seven EU countries is
presented in Table 6. It is possible to observe that in all cases
the values obtained with the base method present a higher
share of SMEs on GIC: The difference varies from 2% of
GIC in Belgium to 20% in Malta, median 3.5%. The range
observed for the values estimated decreases with GIC, as
observed previously comparing Italy and Austria. Hence,

the impact of the method is also dependent on the GIC. The
impact of the Bridge correction in the additional five coun-
tries seems to be smaller than in Austria (the differences are
close to 1% of GIC), since the Bridge correction is strongly
dependent on the national energy structure, more than on
the allocation hypotheses proposed in Table 1. Table 6 also
shows the distribution of energy consumption between
SMEs and LE. Hence, significant differences in country
basis can be found in the PEFA data, as will be described
in Table 7.

Table 6 Relative weight of SMEs energy consumption. a) SMEs /
GIC and b) SMEs/Total private companies, in 7 European countries
according to the different approaches

Base Refined
PEFA Bridge PEFA Bridge
1T % GIC 27% 28% 23% 25%
% Total 46% 48% 43% 45%
AT % GIC 15% 9% 11% 6%
% Total 23% 16% 18% 10%
BE % GIC 45% 44% 42% 42%
% Total 72% 1% 70% 70%
BG % GIC 49% 50% 46% 47%
% Total 61% 62% 60% 60%
MT % GIC 57% 57% 37% 37%
% Total 83% 83% 76% 76%
ES % GIC 45% 46% 41% 42%
% Total 66% 67% 64% 65%
SE % GIC 40% 40% 36% 36%
% Total 55% 55% 53% 53%
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Table 7 Relative impact of “Bridge correction” in 16 EU countries [ktoe]

Energy consumption [ktoe]

Difference [%]

Households without Households trans-  Households transport “Bridge on overall households con-  on households ~ on GIC

transport (NEB) port (PEFA) Correction” (PEFA) sumption with transport transports
BE 8135 2952 3417 -4.19% —15.74% -0.81%
BG 2254 630 442 6.53% 29.88% 1.04%
DK 4463 2115 1720 6.00% 18.67% 2.27%
DE 56,046 34,110 31,110 3.33% 8.79% 0.95%
EL 4287 2886 2916 -0.42% -1.03% -0.12%
ES 15,063 15,917 15,508 1.32% 2.57% 0.34%
FR 39,833 24,758 26,464 —2.64% —6.89% -0.69
HR 2393 1052 682 10.73% 35.14% 4.30%
IT 32,185 20,921 18,488 4.58% 11.63% 1.57%
LT 1440 1039 268 31.09% 74.18% 10.95%
HU 6157 2619 1995 7.12% 23.84% 2.43%
MT 81 106 110 -2.15% —3.80% -0.56%
AT 6324 3329 5006 -17.37% —50.36% -4.95%
PT 2621 2146 2217 - 1.47% -3.27% -0.30%
FI 5292 1890 1661 3.19% 12.11% 0.66%
SE 7462 3670 3639 0.27% 0.83% 0.06%

Identification and analysis of methodological
uncertainties

The proposed methodology could be considered a power-
ful tool to analyze the aggregated energy consumption of
SME:s at national level. The methodology is based on dif-
ferent hypotheses, and each of them presents some uncer-
tainties that could affect the results robustness to a different
extent. It is important to note that these statistical discrepan-
cies involve several high-level bodies at country and Euro-
pean level (Statistical Offices, Energy and Environmental
Agencies, and Energy and Economy Ministries). Hence, the
potential uncertainties are presented, but it is not possible
in this work to deepen in detail de degree of methodologi-
cal and statistical uncertainty, nor to develop an accurate
sensitivity analysis.

In particular, the three main uncertainties should be
addressed:

1. Uncertainties due to energy calculation methods for
EED Art.8 Les

2. Impact of Bridge correction in PEFA

3. Harmonization of the definition of obligated companies

Uncertainties due to energy calculation methods for EED
Art.8 LEs

The main source of uncertainty is the value of the energy

consumption of large companies under EED Art.8. This
uncertainty is twofold: First, the national public available
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data could be partial and uncomplete; second, the calcula-
tion method of the aggregated consumption is not generally
published and often not homogeneous among countries.

The Italian case is used as example to assess the impact
of uncertainties due to energy calculation methods for EED
Art.8. After an in-depth analysis of the mandatory energy
audits database, the uncertainties on LEs energy consump-
tion data have been identified, analyzed, and addressed as
follows:

e Large enterprises that have not complied with the obliga-
tion are not included in the analysis (7% of total obligated
companies in 2019).

e The 3% of the analyzed energy audits reported a null
energy consumption. These had been reviewed individu-
ally and they could account between 0.19 and 0.56 Mtoe.

e The Italian regulation allows the companies to present
the energy audits of a representative sample of the most
relevant production sites, instead of the EA of every site
(Santino et al. 2019). Hence, the obligated companies
present, on the one hand, the detailed EA of the most
representative sites, and, on the other hand, a file with the
aggregated primary energy consumption of the rest of the
productive sites “clustered.” The consumption of “clus-
tered” sites has been estimated to be 2.5% of the total.
This estimation is based on a large sample. However, all
the clustered companies are still under review.

e The consumption of 2022 is estimated on the basis of
the EAs submitted in 2021 (0.72 Mtoe). This value can
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vary due to the difference on yearly obligation to sub-
mit the audit during the 4-year cycle from EED. The
consumption of large companies audited was 43.52
Mtoe, 4.67 Mtoe and 0.72 Mtoe in 2019, 2020 and
2021, respectively.

A broad aggregation of all these assumptions could
increase consumption of LEs by up to 10%, reducing
SMESs consumption by 5 Mtoe, resulting in 20% of GIC
in the most restrictive scenario (37% SMEs vs 63% LEs).
The obtained estimation is aligned with a complemen-
tary analysis based on energy data of Regulation (EU)
2016/1952 on “European statistics on natural gas and
electricity prices,” where the energy consumption of
SMEs is aggregated in the non-household energy cat-
egory. According to this approach, the Italian SMEs
account for between 12.9% and 24.8% of GIC (Reuter
et al. 2021).

In the case of Austria, the structure of the Art.8 measure
exhibits high robustness and data reconciliation. Almost
2000 companies reported 1500 EAs, mainly focused on
processes (82%) (Ricardo Energy and Environment, 2018).
The estimation based on energy threshold consumption
provides a consumption of SMEs close to 16.3% of GIC
(Reuter et al. 2021). This value is close to the consumption
obtained using “BASE-PEFA.” Hence, in a first analysis,
the simpler method seems to be the most suitable for the
Austrian case.

In addition, to better compare the results among dif-
ferent countries, it would be advisable to homogenize
the national database and calculation procedures, and
regularly update the public information on the Art.8
implementation.

Impact of bridge correction in PEFA

In Table 7, the impact of “Bridge correction” for 16 EU
countries is presented. This adjustment of PEFA results
in average changes of 6.3% of total household consump-
tion, 18.6% of residential consumption for transportation,
and 2.3% of GIC. Hence, the impact of Bridge table on
the analysis cannot be considered negligible. Moreover,
the impact is particularly important in Hungary, Denmark,
Croatia, Lithuania, and Austria, resulting in adaptions of
2.4,2.3,4.3,10.9 and —4.9% of GIC, respectively. This
difference between the consumption with and without
“Bridge correction” is directly allocated to SMEs in the
present methodology.

Harmonization of definition of obligated companies

The EED Art.8 obliges LEs to carry out an EA every
4 years. However, the definition of LE varies among

countries, and includes not only the number of employ-
ees (generally over 250) and economic turnover/balance,
but also the definition of associated and linked enter-
prises. The definition of SME, and consequently of LE
at country level, has a great impact on the evaluation of
the overall energy consumption (European Commission
et al. 2021), and the definition of SME would need to be
harmonized.

Conclusions

This paper presents a novel methodology for estimating the
aggregate consumption of SMEs at national level in Europe
by combining public statistics from Eurostat with infor-
mation from mandatory energy audits carried out by large
enterprises under Article 8 of the EED.

The research conducted in this work points out that while
SMEs economic statistics are well consolidated, there is a
lack of energy-related data for SMEs at the European and
national levels. This information is crucial to provide sound
scientific support to the policy-making cycle, since a solid
knowledge basis should always be considered as the first step
to plan effective policy action.

The approach proposed is based on two main data
sources: official energy statistics published by Eurostat,
namely NEB and PEFA, and national consumption data
from large enterprises, association to the implementation
of EED art.8. Two methods are developed, differing in the
main assumptions applied in the calculation of consumption
at national level. For each of them, a statistical correction is
applied, resulting in four different scenarios.

The application of this methodology in Italy and Aus-
tria provides a preliminary range of consumption on GIC
between 23-28% and 6-15%, respectively. The methodol-
ogy was applied to other EU countries to obtain the first
estimation of SMEs energy consumption and analyze the
main uncertainties of the method. In order to apply the meth-
odology at the European level, further work is needed to
harmonize the quality of information provided by mandatory
energy audits and to homogenize different public statistics.
Moreover, a precondition to apply this methodology is the
availability of large enterprises energy consumption, deriv-
ing from the national database related to the implementation
of EED art.8. This clearly shows that the efforts in managing
a legislative obligation could have a value added in terms of
data availability, providing a sound base for SMEs energy
consumption estimation. The proposed method needs further
investigation, and future work will focus on other aspects,
such as the breakdown of consumption between the “Base”
and “Refined” methods, or the impact of the reference year.

The analysis provides a first set of policy insights:
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1. Member States should increase the availability of energy
consumption data of large enterprises, deriving from the
implementation of EED art.8, and they should also pro-
vide regular updates.

2. For a more effective use of these data, it is necessary
for Member States to improve their quality and define
a common methodology for the accounting the national
consumption of large enterprises, detailing which items
are included or not (transportation, distribution losses,
etc.).

3. The NEB and PEFA databases are the cornerstones of
Eurostat’s public energy statistics: An official merging
of both databases will be very useful to obtain a com-
mon, multilevel, and aggregated energy database for
subsequent independent analysis at sectoral level.

4. A harmonized application of the definition of SME at
European and national levels will be necessary to com-
pare the energy structure across countries.

These recommendations could also help to improve the
implementation of Article 8 of the EED and be useful in
light of the forthcoming recast of the Directive.

The systematic assessment of energy consumption of
SMEs at the national level, based on the proposed method,
would allow to identify the potential for energy saving in
SME:s and, on this basis, to plan reliable and effective policy
options and to be able to quantify their performance and
impacts.

Author contributions All the authors designed the concept, objectives
and methods of the study and participated in the material preparation,
data collection and analysis. GB, PL and SR developed a first version
of the methodology that was subsequently refined by EB, CH, CM,
CT and MS. The first draft of the manuscript was written by CH and
all authors commented and contributed to improve the manuscript. All
authors read and approved the final manuscript.

Funding Open access funding provided by Ente per le Nuove Tec-
nologie, I’Energia e ’Ambiente within the CRUI-CARE Agreement.
This work received funding from the European Union’s Horizon 2020
Research and Innovation Program under Grant Agreement No. 893924
(LEAP4SME Project- Linking Energy Audit Policies to enhance and
support SMEs toward energy efficiency).

Data availability The authors confirm that the data supporting the find-

ings of this study are available within the article itself and in cited
Eurostat databases.

Declarations

Competing interests The authors declare no competing interests.

Conflict of interest The authors declare that they have no known com-
peting financial interests or personal relationships that could have ap-
peared to influence the work reported in this paper.

@ Springer

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

BEIS (2014) Research to assess the barriers and drivers to energy effi-
ciency in small and medium sized enterprises. UK government.
Dept Energy Clim Change. https://assets.publishing.service.gov.
uk/government/uploads/system/uploads/attachment_data/file/
392908/Barriers_to_Energy_Efficiency_ FINAL_2014-12-10.pdf

Berg M (2019) Energy audit obligation, art 8, in Sweden—guiding
thresholds for energy use. Concerted Action EED, Zagreb 2019-
10-07. https://www.ca-eed.eu/ia_document/energy-audit-oblig
ation-art-8-sweden/

Biele E, Herce C, Martini C, Toro C (2022) Deliverable 3.3 compila-
tion of good practices. LEAP4SME project. https://leap4sme.eu/
wp-content/uploads/2022/07/D3.3_website.pdf

Bradford J, Fraser EDG (2008) Local authorities, climate change
and small and medium enterprises: Identifying effective policy
instruments to reduce energy use and carbon emissions. Corp
Soc Responsib Environ Manag 15(3):156-172. https://doi.org/
10.1002/csr.151

Cariola A, Fasano F, La Rocca M, Skatova E (2020) Environmental
sustainability policies and the value of debt in EU SMEs: empiri-
cal evidence from the energy sector. J Clean Prod 275:123133.
https://doi.org/10.1016/j.jclepro.2020.123133

Chiaroni D, Chiesa V, Franzo S, Frattini F, Manfredi Latilla V (2017)
Overcoming internal barriers to industrial energy efficiency
through energy audit: a case study of a large manufacturing com-
pany in the home appliances industry. Clean Technol Environ Pol-
icy 19(4):1031-1046. https://doi.org/10.1007/s10098-016-1298-5

European Commission. (2019a). Austria - 2019 SBA fact sheet. https://
www.google.com/url?sa=t&rct=j&q=~&esrc=s&source=web&
cd=&cad=rja&uact=8&ved=2ahUKEwiR2NfG_-b_AhW6S
PEDHSqNBsAQFnoECB8QAQ&url=https%3A%2F%2Fec.
europa.eu%2Fdocsroom%2Fdocuments%2F38662 %2Fattachme
nts%2F2%2Ftranslations %2Fen%2Frenditions % 2Fpdf &usg=
AOvVaw3Afu7jbA7FKVORahBtsnen&opi=89978449

European Commission. (2019b). Italy - 2019 SBA fact sheet. https://
www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&
cd=&cad=rja&uact=8&ved=2ahUKEwjotZXQ_Ob_AhXga_
EDHdZCAHwQFnoECBYQAQ&url=https%3A%2F%2Fec.
europa.eu%2Fdocsroom%2Fdocuments %2F38662 %2Fattachme
nts%2F16%2Ftranslations%2Fen%2Frenditions%2Fnative&usg=
AOvVaw1eEqNLxx09vec5SN23DrE2T&opi=89978449

Constantinos C, Sgrensen SY, Larsen PB, Alexopoulou S (2010) SMEs
and the environment in the European Union. In: European Com-
mission, DG Enterprise and Industry. European Commission, DG
Enterprise and Industry. https://op.europa.eu/en/publication-detai
1/-/publication/aa507ab8-1a2a-4bf1-86de-5a60d14a3977

De Schepper E, Van Passel S, Lizin S, Achten WMJ, Van Acker
K (2014) Cost-efficient emission abatement of energy and


http://creativecommons.org/licenses/by/4.0/
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/392908/Barriers_to_Energy_Efficiency_FINAL_2014-12-10.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/392908/Barriers_to_Energy_Efficiency_FINAL_2014-12-10.pdf
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/392908/Barriers_to_Energy_Efficiency_FINAL_2014-12-10.pdf
https://www.ca-eed.eu/ia_document/energy-audit-obligation-art-8-sweden/
https://www.ca-eed.eu/ia_document/energy-audit-obligation-art-8-sweden/
https://leap4sme.eu/wp-content/uploads/2022/07/D3.3_website.pdf
https://leap4sme.eu/wp-content/uploads/2022/07/D3.3_website.pdf
https://doi.org/10.1002/csr.151
https://doi.org/10.1002/csr.151
https://doi.org/10.1016/j.jclepro.2020.123133
https://doi.org/10.1007/s10098-016-1298-5
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiR2NfG_-b_AhW6SPEDHSqNBsAQFnoECB8QAQ&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F38662%2Fattachments%2F2%2Ftranslations%2Fen%2Frenditions%2Fpdf&usg=AOvVaw3Afu7jbA7FKV0RahBtsnen&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiR2NfG_-b_AhW6SPEDHSqNBsAQFnoECB8QAQ&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F38662%2Fattachments%2F2%2Ftranslations%2Fen%2Frenditions%2Fpdf&usg=AOvVaw3Afu7jbA7FKV0RahBtsnen&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiR2NfG_-b_AhW6SPEDHSqNBsAQFnoECB8QAQ&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F38662%2Fattachments%2F2%2Ftranslations%2Fen%2Frenditions%2Fpdf&usg=AOvVaw3Afu7jbA7FKV0RahBtsnen&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiR2NfG_-b_AhW6SPEDHSqNBsAQFnoECB8QAQ&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F38662%2Fattachments%2F2%2Ftranslations%2Fen%2Frenditions%2Fpdf&usg=AOvVaw3Afu7jbA7FKV0RahBtsnen&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiR2NfG_-b_AhW6SPEDHSqNBsAQFnoECB8QAQ&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F38662%2Fattachments%2F2%2Ftranslations%2Fen%2Frenditions%2Fpdf&usg=AOvVaw3Afu7jbA7FKV0RahBtsnen&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiR2NfG_-b_AhW6SPEDHSqNBsAQFnoECB8QAQ&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F38662%2Fattachments%2F2%2Ftranslations%2Fen%2Frenditions%2Fpdf&usg=AOvVaw3Afu7jbA7FKV0RahBtsnen&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwiR2NfG_-b_AhW6SPEDHSqNBsAQFnoECB8QAQ&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F38662%2Fattachments%2F2%2Ftranslations%2Fen%2Frenditions%2Fpdf&usg=AOvVaw3Afu7jbA7FKV0RahBtsnen&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj9tZXQ_Ob_AhXga_EDHdZCAHwQFnoECBYQAQ&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F38662%2Fattachments%2F16%2Ftranslations%2Fen%2Frenditions%2Fnative&usg=AOvVaw1eEqNLxxo9vec5N23DrE2T&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj9tZXQ_Ob_AhXga_EDHdZCAHwQFnoECBYQAQ&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F38662%2Fattachments%2F16%2Ftranslations%2Fen%2Frenditions%2Fnative&usg=AOvVaw1eEqNLxxo9vec5N23DrE2T&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj9tZXQ_Ob_AhXga_EDHdZCAHwQFnoECBYQAQ&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F38662%2Fattachments%2F16%2Ftranslations%2Fen%2Frenditions%2Fnative&usg=AOvVaw1eEqNLxxo9vec5N23DrE2T&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj9tZXQ_Ob_AhXga_EDHdZCAHwQFnoECBYQAQ&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F38662%2Fattachments%2F16%2Ftranslations%2Fen%2Frenditions%2Fnative&usg=AOvVaw1eEqNLxxo9vec5N23DrE2T&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj9tZXQ_Ob_AhXga_EDHdZCAHwQFnoECBYQAQ&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F38662%2Fattachments%2F16%2Ftranslations%2Fen%2Frenditions%2Fnative&usg=AOvVaw1eEqNLxxo9vec5N23DrE2T&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj9tZXQ_Ob_AhXga_EDHdZCAHwQFnoECBYQAQ&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F38662%2Fattachments%2F16%2Ftranslations%2Fen%2Frenditions%2Fnative&usg=AOvVaw1eEqNLxxo9vec5N23DrE2T&opi=89978449
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&cad=rja&uact=8&ved=2ahUKEwj9tZXQ_Ob_AhXga_EDHdZCAHwQFnoECBYQAQ&url=https%3A%2F%2Fec.europa.eu%2Fdocsroom%2Fdocuments%2F38662%2Fattachments%2F16%2Ftranslations%2Fen%2Frenditions%2Fnative&usg=AOvVaw1eEqNLxxo9vec5N23DrE2T&opi=89978449
https://op.europa.eu/en/publication-detail/-/publication/aa507ab8-1a2a-4bf1-86de-5a60d14a3977
https://op.europa.eu/en/publication-detail/-/publication/aa507ab8-1a2a-4bf1-86de-5a60d14a3977

A methodology to characterize energy consumption in small and medium-sized enterprises at... 107

transportation technologies: mitigation costs and policy impacts
for Belgium. Clean Technol Environ Policy 16(6):1107-1118.
https://doi.org/10.1007/s10098-014-0713-z

Di Bella L, Katsinis A, Lagiiera-Gonzélez J (2023) SME performance
review 2022/2023. Publ off Eur Union. https://doi.org/10.2826/
69827

European Commission, Directorate-General for Energy, Groen W,
Egenhofer C, Musmeci R, Kustova I, Jansen J, Boonekamp P,
Pozo B, Oliinyk I, Gojsic D (2021) Technical assistance on assess-
ing the effectiveness of the implementation of the definition of
small and medium-sized enterprises for the purposes of Article
8(4) of the energy efficiency directive : final report. Publ off.
https://doi.org/10.2833/78219

European Environment Agency (2011) Energy consumption by trans-
port mode in the EU-27. https://www.eea.europa.eu/data-and-
maps/figures/consumption-by-mode-eu-1

Eurostat (2018) PEFA guidelines for data collection 2018. https://ec.
europa.eu/eurostat/documents/1798247/6191537/PEFA_Guide
lines/

Eurostat (2022a) Energy balances (NEB). https://ec.europa.eu/eurostat/
cache/infographs/energy_balances/enbal.html?geo=EU27_2020&
unit=KTOE&language=EN&year=2018&fuel=fuelMainFuel&
siec=TOTAL&details=0&chartOptions=0&stacking=norma
1&chartBal=&chart=&full=1&chartBalText=&order=DESC&
siecs=&dataset=n

Eurostat (2022b) Physical energy flow accounts (PEFA). https://ec.
europa.eu/eurostat/databrowser/view/ENV_AC_PEFASU/defau
It/table?lang=en

Eurostat (2023) Economy and finance. National accounts. https://ec.
europa.eu/eurostat/databrowser/explore/all/economy?lang=en&
subtheme=nal0.namalO&display=list&sort=category

Farla JCM, Blok K (2000) The use of physical indicators for the
monitoring of energy intensity developments in the Netherlands,
1980-1995. Energy 25(7):609-638. https://doi.org/10.1016/
S0360-5442(00)00006-2

Fawcett T, Hampton S (2020) Why and how energy efficiency policy
should address SMEs. Energy Policy 140:111337. https://doi.org/
10.1016/j.enpol.2020.111337

Filipovi¢ S, Verbi¢ M, Radovanovi¢ M (2015) Determinants of energy
intensity in the European Union: a panel data analysis. Energy
92:547-555. https://doi.org/10.1016/j.energy.2015.07.011

Fleiter T, Schleich J, Ravivanpong P (2012) Adoption of energy-effi-
ciency measures in SMEs-An empirical analysis based on energy
audit data from Germany. Energy Polic 51:863-875. https://doi.
org/10.1016/j.enpol.2012.09.041

Fondazione per lo sviluppo sostenibile, CNA (2021) Non senza le
PML. 1 ruolo delle piccole imprese nella transizione energetica.
https://www.cna.it/wp-content/uploads/2021/05/Non-senza-le-
PMI-20052021.pdf

Freeman SL, Niefer MJ, Roop JM (1997) Measuring industrial energy
intensity: practical issues and problems. Energy Polic 25(7):703—
714. https://doi.org/10.1016/S0301-4215(97)00062-1

Fresner J, Morea F, Krenn C, Aranda Uson J, Tomasi F (2017) Energy
efficiency in small and medium enterprises: lessons learned from
280 energy audits across Europe. J Clean Prod 142:1650-1660.
https://doi.org/10.1016/j.jclepro.2016.11.126

Gonzales E, Hommes M, Mirmulstein M-L (2014) MSME country
indicators 2014. In: International finance corporation—Worl
Bank. https://smefinanceforum.org/sites/default/files/analysis
note.pdf

Hirzel S, Nabitz L, Wohlfarth K, Rohde C, Behling I, Clarke D,
Perera N, Turner R (2016) A study on energy efficiency in
enterprises: energy audits and energy management systems.
European commission. Publications Office of the European
Union. https://ec.europa.eu/energy/sites/ener/files/documents/

EED-Art8-Implementation-Study_Task12_Report_FINAL-
approved.pdf

IEA (2015) Policy pathway—accelerating energy efficiency in small
and medium-sized enterprises. international energy agency, Paris.
https://www.iea.org/reports/policy-pathway-accelerating-energy-
efficiency-in-small-and-medium-sized-enterprises-2015

Johansson I, Mardan N, Cornelis E, Kimura O, Thollander P (2019)
Designing policies and programmes for improved energy effi-
ciency in industrial SMEs. Energies 12(7):1338. https://doi.org/
10.3390/en12071338

Johansson I, Johnsson S, Thollander P (2022) Impact evaluation of an
energy efficiency network policy programme for industrial SMEs
in Sweden. Resourc Environ Sustain 9:100065. https://doi.org/10.
1016/j.resenv.2022.100065

Kalantzis F, Revoltella D (2019) Do energy audits help SMEs to real-
ize energy-efficiency opportunities? Energy Econ 83:229-239.
https://doi.org/10.1016/j.eneco0.2019.07.005

Laurinkeviciuté A, StasiSkiené Z (2011) SMS for decision making of
SME:s. Clean Technol Environ Policy 13(6):797-807. https://doi.
org/10.1007/310098-011-0349-1

Li Z, Solaymani S (2021) Effectiveness of energy efficiency improve-
ments in the context of energy subsidy policies. Clean Tech-
nol Environ Polic 23(3):937-963. https://doi.org/10.1007/
$10098-020-02005-8

Magda R, Bozsik N, Meyer N (2019) An evaluation of gross inland
energy consumption of six central European countries. J East Eur
Cent Asian Res 6(2):270-281. https://doi.org/10.15549/jeecar.
v6i2.291

Mazhar MU, Bull R, Domingues AR, O’Boyle S (2022) Small and
medium-sized enterprises: hard to reach, data poor but rich in cre-
ative potential as agents of change for decarbonisation. In: ECEEE
2022 summer study on energy efficiency: agents of change

Midzié Kurtagi¢ S, SilajdZi¢ I, Vucijak B (2016) Selection and imple-
mentation of pollution prevention techniques in small and medium
enterprises in countries in transition. Clean Technol Environ Pol-
icy 18(6):1827-1847. https://doi.org/10.1007/s10098-016-1237-5

Millard D (2016) The role and importance of energy statistics. UN
statistics division. International workshop on energy statistics.
23-25 May 2016, Beijing, China. https://unstats.un.org/unsd/
energy/meetings/2016iwc/documents.htm

Nabitz L, Hirzel S (2019) Transposing the requirements of the energy
efficiency directive on mandatory energy audits for large compa-
nies: a policy-cycle-based review of the national implementation
in the EU-28 member states. Energy Polic 125:548-561. https://
doi.org/10.1016/j.enpol.2017.12.016

Neelis ML, Pouwelse JW (2008) Towards consistent and reliable
dutch and international energy statistics for the chemical industry.
Energy Polic 36(7):2719-2733. https://doi.org/10.1016/j.enpol.
2008.03.024

OECD (2022) 4. Austria—financing SMEs and entrepreneurs 2022:
an OECD scoreboard. https://www.oecd-ilibrary.org/sites/d07a7
2ea-en/index.html?itemld=/content/component/d07a72ea-en#
chapter-d1e100092

Ozbilen SK, Rende K, Kiligaslan Y, Karal Onder Z, Onder G, Tongiir
U, Tosun C, Durmus C), Atalay N, Aytekin Keskin B, Donmez
N, Aras G (2019) Prediction of the resource-efficient potential
of Turkish manufacturing industry: a country-based study. Clean
Technol Environ Policy 21(5):1013-1037. https://doi.org/10.1007/
$10098-019-01689-x

Paramonova S, Thollander P (2016) Ex-post impact and process evalu-
ation of the Swedish energy audit policy programme for small and
medium-sized enterprises. J Clean Prod 135:932-949. https://doi.
org/10.1016/j.jclepro.2016.06.139

Patterson MG (1996) What is energy efficiency?: concepts, indicators
and methodological issues. Energy Polic 24(5):377-390. https://
doi.org/10.1016/0301-4215(96)00017-1

@ Springer


https://doi.org/10.1007/s10098-014-0713-z
https://doi.org/10.2826/69827
https://doi.org/10.2826/69827
https://doi.org/10.2833/78219
https://www.eea.europa.eu/data-and-maps/figures/consumption-by-mode-eu-1
https://www.eea.europa.eu/data-and-maps/figures/consumption-by-mode-eu-1
https://ec.europa.eu/eurostat/documents/1798247/6191537/PEFA_Guidelines/
https://ec.europa.eu/eurostat/documents/1798247/6191537/PEFA_Guidelines/
https://ec.europa.eu/eurostat/documents/1798247/6191537/PEFA_Guidelines/
https://ec.europa.eu/eurostat/cache/infographs/energy_balances/enbal.html?geo=EU27_2020&unit=KTOE&language=EN&year=2018&fuel=fuelMainFuel&siec=TOTAL&details=0&chartOptions=0&stacking=normal&chartBal=&chart=&full=1&chartBalText=&order=DESC&siecs=&dataset=n
https://ec.europa.eu/eurostat/cache/infographs/energy_balances/enbal.html?geo=EU27_2020&unit=KTOE&language=EN&year=2018&fuel=fuelMainFuel&siec=TOTAL&details=0&chartOptions=0&stacking=normal&chartBal=&chart=&full=1&chartBalText=&order=DESC&siecs=&dataset=n
https://ec.europa.eu/eurostat/cache/infographs/energy_balances/enbal.html?geo=EU27_2020&unit=KTOE&language=EN&year=2018&fuel=fuelMainFuel&siec=TOTAL&details=0&chartOptions=0&stacking=normal&chartBal=&chart=&full=1&chartBalText=&order=DESC&siecs=&dataset=n
https://ec.europa.eu/eurostat/cache/infographs/energy_balances/enbal.html?geo=EU27_2020&unit=KTOE&language=EN&year=2018&fuel=fuelMainFuel&siec=TOTAL&details=0&chartOptions=0&stacking=normal&chartBal=&chart=&full=1&chartBalText=&order=DESC&siecs=&dataset=n
https://ec.europa.eu/eurostat/cache/infographs/energy_balances/enbal.html?geo=EU27_2020&unit=KTOE&language=EN&year=2018&fuel=fuelMainFuel&siec=TOTAL&details=0&chartOptions=0&stacking=normal&chartBal=&chart=&full=1&chartBalText=&order=DESC&siecs=&dataset=n
https://ec.europa.eu/eurostat/cache/infographs/energy_balances/enbal.html?geo=EU27_2020&unit=KTOE&language=EN&year=2018&fuel=fuelMainFuel&siec=TOTAL&details=0&chartOptions=0&stacking=normal&chartBal=&chart=&full=1&chartBalText=&order=DESC&siecs=&dataset=n
https://ec.europa.eu/eurostat/databrowser/view/ENV_AC_PEFASU/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/ENV_AC_PEFASU/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/view/ENV_AC_PEFASU/default/table?lang=en
https://ec.europa.eu/eurostat/databrowser/explore/all/economy?lang=en&subtheme=na10.nama10&display=list&sort=category
https://ec.europa.eu/eurostat/databrowser/explore/all/economy?lang=en&subtheme=na10.nama10&display=list&sort=category
https://ec.europa.eu/eurostat/databrowser/explore/all/economy?lang=en&subtheme=na10.nama10&display=list&sort=category
https://doi.org/10.1016/S0360-5442(00)00006-2
https://doi.org/10.1016/S0360-5442(00)00006-2
https://doi.org/10.1016/j.enpol.2020.111337
https://doi.org/10.1016/j.enpol.2020.111337
https://doi.org/10.1016/j.energy.2015.07.011
https://doi.org/10.1016/j.enpol.2012.09.041
https://doi.org/10.1016/j.enpol.2012.09.041
https://www.cna.it/wp-content/uploads/2021/05/Non-senza-le-PMI-20052021.pdf
https://www.cna.it/wp-content/uploads/2021/05/Non-senza-le-PMI-20052021.pdf
https://doi.org/10.1016/S0301-4215(97)00062-1
https://doi.org/10.1016/j.jclepro.2016.11.126
https://smefinanceforum.org/sites/default/files/analysis
https://ec.europa.eu/energy/sites/ener/files/documents/EED-Art8-Implementation-Study_Task12_Report_FINAL-approved.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/EED-Art8-Implementation-Study_Task12_Report_FINAL-approved.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/EED-Art8-Implementation-Study_Task12_Report_FINAL-approved.pdf
https://www.iea.org/reports/policy-pathway-accelerating-energy-efficiency-in-small-and-medium-sized-enterprises-2015
https://www.iea.org/reports/policy-pathway-accelerating-energy-efficiency-in-small-and-medium-sized-enterprises-2015
https://doi.org/10.3390/en12071338
https://doi.org/10.3390/en12071338
https://doi.org/10.1016/j.resenv.2022.100065
https://doi.org/10.1016/j.resenv.2022.100065
https://doi.org/10.1016/j.eneco.2019.07.005
https://doi.org/10.1007/s10098-011-0349-1
https://doi.org/10.1007/s10098-011-0349-1
https://doi.org/10.1007/s10098-020-02005-8
https://doi.org/10.1007/s10098-020-02005-8
https://doi.org/10.15549/jeecar.v6i2.291
https://doi.org/10.15549/jeecar.v6i2.291
https://doi.org/10.1007/s10098-016-1237-5
https://unstats.un.org/unsd/energy/meetings/2016iwc/documents.htm
https://unstats.un.org/unsd/energy/meetings/2016iwc/documents.htm
https://doi.org/10.1016/j.enpol.2017.12.016
https://doi.org/10.1016/j.enpol.2017.12.016
https://doi.org/10.1016/j.enpol.2008.03.024
https://doi.org/10.1016/j.enpol.2008.03.024
https://www.oecd-ilibrary.org/sites/d07a72ea-en/index.html?itemId=/content/component/d07a72ea-en#chapter-d1e100092
https://www.oecd-ilibrary.org/sites/d07a72ea-en/index.html?itemId=/content/component/d07a72ea-en#chapter-d1e100092
https://www.oecd-ilibrary.org/sites/d07a72ea-en/index.html?itemId=/content/component/d07a72ea-en#chapter-d1e100092
https://doi.org/10.1007/s10098-019-01689-x
https://doi.org/10.1007/s10098-019-01689-x
https://doi.org/10.1016/j.jclepro.2016.06.139
https://doi.org/10.1016/j.jclepro.2016.06.139
https://doi.org/10.1016/0301-4215(96)00017-1
https://doi.org/10.1016/0301-4215(96)00017-1

108

C.Herce et al.

Raybould B, Cheung WM, Connor C, Butcher R (2020) An inves-
tigation into UK government policy and legislation to renew-
able energy and greenhouse gas reduction commitments. Clean
Technol Environ Policy 22(2):371-387. https://doi.org/10.1007/
$10098-019-01786-x

Reuter S, Lackner P, Brandl G (2021) Mapping SMEs in Europe. data
collection, analysis and methodologies for estimating energy con-
sumptions at Country levels. LEAP4SME Project. D2.1. https://
leap4sme.eu/wp-content/uploads/2021/07/LEAP4ASME-D2.1-
SME-energy-and-economic-mapping-in-Europe.pdf

Ricardo Energy and Environment (2018) Development of recommen-
dations on the implementation of certain aspects of article 8 and
Annex VI of the energy efficiency directive. ENER/C3/2013-
484/13/FV2017-427/01. https://ec.europa.eu/energy/sites/ener/
files/final_report_-_development_of guidelines_and_recom
mendations_on_the_impl.pdf

Séaez MP, Cantarero-Prieto D, Manso JRP (2018) Gross inland energy
consumption inequality in Europe: an empirical approach. Revista
De Economia Mundial 2018(49):149-164

Santino D, Biele E, Salvio M (2019) Guidelines for energy audits
under article 8 of the EED : Italy ’s implementation practices and
tools. ENEA. https://www.efficienzaenergetica.enea.it/component/
jdownloads/?task=download.send&id=377&catid=40&Itemid=
101

Saygin D, Worrell E, Tam C, Trudeau N, Gielen DJ, Weiss M, Patel
MK (2012) Long-term energy efficiency analysis requires solid
energy statistics: the case of the German basic chemical industry.
Energy 44(1):1094-1106. https://doi.org/10.1016/j.energy.2012.
01.062

Sienkiewicz M, Mair D (2020) Chapter 1 - against the science—policy
binary separation: science for policy 1.0 (V. Sucha & M. B. T.-S.
for P. H. Sienkiewicz (eds.); pp 2—13). Elsevier. https://doi.org/
10.1016/B978-0-12-822596-7.00001-2

Thollander P, Dotzauer E (2010) An energy efficiency program for
Swedish industrial small- and medium-sized enterprises. J Clean
Prod 18(13):1339-1346. https://doi.org/10.1016/j.jclepro.2010.
04.020

Authors and Affiliations

Thollander P, Backlund S, Trianni A, Cagno E (2013) Beyond barriers
—a case study on driving forces for improved energy efficiency in
the foundry industries in Finland, France, Germany, Italy, Poland,
Spain, and Sweden. Appl Energy 111:636-643. https://doi.org/10.
1016/j.apenergy.2013.05.036

Thollander P, Kimura O, Wakabayashi M, Rohdin P (2015) A review of
industrial energy and climate policies in Japan and Sweden with
emphasis towards SMEs. Renew Sustain Energy Rev 50:504-512.
https://doi.org/10.1016/j.rser.2015.04.102

Thollander P, Paramonova S, Cornelis E, Kimura O, Trianni A, Karls-
son M, Cagno E, Morales I, Jiménez Navarro JP (2015) Interna-
tional study on energy end-use data among industrial SMEs (small
and medium-sized enterprises) and energy end-use efficiency
improvement opportunities. J Clean Prod 104:282-296. https://
doi.org/10.1016/j.jclepro.2015.04.073

Trianni A, Cagno E (2012) Dealing with barriers to energy efficiency
and SMEs: some empirical evidences. Energy 37(1):494-504.
https://doi.org/10.1016/j.energy.2011.11.005

United Nations (2018) International recommendations for energy sta-
tistics (IRES). United Nations Statistical Commission, New York.
https://unstats.un.org/unsd/energystats/methodology/ires/

UNRAE (2020) Analisi del mercato autoveicoli in Italia. XX Edizione.
Unione Nazionale Rappresentanti Autoveicoli Esteri. https://
unrae.it/files/BookUNRAE2019_5e81f537b9cOb.pdf

Weiss M, Neelis ML, Zuidberg MC, Patel MK (2008) Applying bot-
tom-up analysis to identify the system boundaries of non-energy
use data in international energy statistics. Energy 33(11):1609—
1622. https://doi.org/10.1016/j.energy.2008.05.014

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Carlos Herce' - Enrico Biele' - Chiara Martini’ - Marcello Salvio' - Claudia Toro' - Gabriele BrandI? - Petra Lackner? -

Stefan Reuter?

< Carlos Herce
carlos.herce @enea.it

ENEA - Italian National Agency for New Technologies,
Energy, and the Sustainable Economic Development,
DUEE-SPS-ESE. C.R. Casaccia, Via Anguillarese, 301,
00123 Rome, Italy

@ Springer

2 AEA - Austrian Energy Agency, Mariahilfer StraBe 136,
1150 Vienna, Austria


https://doi.org/10.1007/s10098-019-01786-x
https://doi.org/10.1007/s10098-019-01786-x
https://leap4sme.eu/wp-content/uploads/2021/07/LEAP4SME-D2.1-SME-energy-and-economic-mapping-in-Europe.pdf
https://leap4sme.eu/wp-content/uploads/2021/07/LEAP4SME-D2.1-SME-energy-and-economic-mapping-in-Europe.pdf
https://leap4sme.eu/wp-content/uploads/2021/07/LEAP4SME-D2.1-SME-energy-and-economic-mapping-in-Europe.pdf
https://ec.europa.eu/energy/sites/ener/files/final_report_-_development_of_guidelines_and_recommendations_on_the_impl.pdf
https://ec.europa.eu/energy/sites/ener/files/final_report_-_development_of_guidelines_and_recommendations_on_the_impl.pdf
https://ec.europa.eu/energy/sites/ener/files/final_report_-_development_of_guidelines_and_recommendations_on_the_impl.pdf
https://www.efficienzaenergetica.enea.it/component/jdownloads/?task=download.send&id=377&catid=40&Itemid=101
https://www.efficienzaenergetica.enea.it/component/jdownloads/?task=download.send&id=377&catid=40&Itemid=101
https://www.efficienzaenergetica.enea.it/component/jdownloads/?task=download.send&id=377&catid=40&Itemid=101
https://doi.org/10.1016/j.energy.2012.01.062
https://doi.org/10.1016/j.energy.2012.01.062
https://doi.org/10.1016/B978-0-12-822596-7.00001-2
https://doi.org/10.1016/B978-0-12-822596-7.00001-2
https://doi.org/10.1016/j.jclepro.2010.04.020
https://doi.org/10.1016/j.jclepro.2010.04.020
https://doi.org/10.1016/j.apenergy.2013.05.036
https://doi.org/10.1016/j.apenergy.2013.05.036
https://doi.org/10.1016/j.rser.2015.04.102
https://doi.org/10.1016/j.jclepro.2015.04.073
https://doi.org/10.1016/j.jclepro.2015.04.073
https://doi.org/10.1016/j.energy.2011.11.005
https://unstats.un.org/unsd/energystats/methodology/ires/
https://unrae.it/files/BookUNRAE2019_5e81f537b9c0b.pdf
https://unrae.it/files/BookUNRAE2019_5e81f537b9c0b.pdf
https://doi.org/10.1016/j.energy.2008.05.014

	A methodology to characterize energy consumption in small and medium-sized enterprises at national level in European countries
	Abstract
	Graphical abstract

	Introduction
	Research gap and contribution

	Methodology
	Energy data sources
	PEFA bridge table correction
	Base method
	Refined method

	Results and discussion
	Detailed estimation of SMEs consumption in Italy and Austria
	Application to other EU countries
	Identification and analysis of methodological uncertainties
	Uncertainties due to energy calculation methods for EED Art.8 LEs
	Impact of bridge correction in PEFA
	Harmonization of definition of obligated companies


	Conclusions
	References




