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Executive summary

This report examines the cost-efficiency and competitiveness implications of Article
11 of the Energy Efficiency Directive for European Small and Medium-size
companies (SMEs). It analyses whether full compliance with audit and energy
management obligations is economically justified for smaller firms or if alternative,
simplified approaches yield comparable value. Modelling across all EU Member
States shows that most SMEs consume between 0.1 and 2.0 terajoules (TJ)
annually, while only 5-10% exceed the 10 TJ threshold that triggers a mandatory
energy audit. For the majority, imposing full audit or EMS obligations would not
be cost-efficient. Instead, proportionate options—such as simplified audit schemes
(walk-through-audits in DEESME 2050), staged energy management systems or
digital self-assessments can deliver similar benefits with lower administrative effort.
However, for the energy intensive there is a justification of the approach with
full energy audit.

The report’'s central finding is that energy efficiency directly strengthens SME
competitiveness. Audits and energy management systems help firms cut energy
costs, optimise operations, and mitigate exposure to volatile prices, while
alternative simplified approaches ensure inclusion of smaller enterprises without
overburdening them. When the Multiple Benefits (MB) framework is applied,
quantifying co-benefits such as improved productivity, product quality, maintenance
savings, and workplace comfort, the overall economic return on energy efficiency
investments is much higher, and payback periods drop to almost half in many
cases.

Therefore, proportionate implementation of Article 11 obligations, combined with
support measures and MB-based valuation, offers the most competitive and cost-
effective pathway. It allows energy-intensive SMEs to comply through full audits
or Energy Management Systems (EMS), while enabling smaller ones to adopt
simplified solutions that still enhance performance. In doing so, energy efficiency
becomes not only a regulatory duty but a strategic lever of competitiveness and
resilience for Europe’s SME backbone.




1. Introduction

1.1 SMEs: The missing piece in Europe’s energy efficiency agenda

In Europe, small and medium-sized enterprises (SMEs) are defined as companies
employing fewer than 250 people and having an annual turnover below 50 mil-
lion euros or a balance sheet total under 43 million euros. There are
approximately 24.3 milion SMEs across the EU, representing 99.8% of all
enterprises and employing nearly 85 million people, around 64% of the total
workforce. [1]

Although small and medium-sized enterprises (SMEs) face higher energy costs
relative to turnover and are more vulnerable to energy price shocks, they remain
less likely to invest in energy efficiency. Between 2020 and 2024, large firms
consistently invested more in energy-saving technologies than SMEs. Small firms
also experienced greater volatility in energy expenses and frequently encountered
financial constraints that limited their capacity to act. [2]

Also, despite their obvious importance and the cumulative energy consumption,
SMEs have not traditionally been a priority in energy efficiency policy, and
reliable, disaggregated data on their energy use remain scarce.

This lack of systematic evidence undermines both the development of targeted
measures and the evaluation of policy effectiveness. SMEs also face structural
barriers that limit their

engagement in energy efficiency. 4om in DEESME 2050

There are many reasons why @ Company daes not hav responsibl person to deal with enrgy ssues
SMEs do not thrive in the energy

field. The lack of personnel is the s
first one, where there is no © -
employed person dealing with the .

Bulgaria France Italy Poland
issues of energy consumption, due
to their educational, awareness or |

No responsible person to deal with energy issues (DEESME 2050) (%)

time restrictions.

Other issue is the prioritisation. If a company has low energy consumption in
comparison to other expenses and are not aware of the additional benefits of
energy efficiency, of course such investments will not be the priority. The most
important obstacle is the lack of financial capacity for capital investment and
the availability of financing on the market, especially for micro and small
enterprises. [3]

Across many industries, energy, alongside labour and materials, represents third
largest operating expenses. Among these, energy often offers the greatest potential
for optimisation and cost savings.
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Research consistently shows that SMEs hold substantial untapped potential for
improving energy efficiency. Estimates suggest that short-term savings of 10 -
20% in energy consumption are achievable, while the overall efficiency potential
in industrial SMEs may exceed 25%. Studies also indicate that around 40% of
this potential could be realised through measures requiring no capital investment.
Despite the wide availability of cost-effective energy efficiency options, a large
share of this potential remains unexploited due to persistent barriers to
implementation. [4]

1.2 Energy Audits, yes or no? Article 11 obligations for SMEs

Since this lack of recognition of potential has been identified as important issue
not only for large companies but also for SMEs, Article 11 of the recast Energy
Efficiency Directive (EED) shifts from a size-based logic (large enterprise vs.
SME) to a consumption-based logic that applies to all enterprises, including
SMEs. [5]

Enterprises with an average annual energy consumption exceeding 85 terajoules
(TJ) over the previous three years are required to implement an Energy
Management System (EMS) certified by an independent body, such as through
the I1ISO 50001 standard. These enterprises must establish the system within two
years from the moment the obligation is triggered, or by 10 October 2027 for
those that already exceed this threshold at the time of transposition. Enterprises
with an average annual energy consumption between 10 TJ and 85 TJ are
required to carry out an energy audit, unless they choose to implement an
EMS instead. The energy audit must be completed within one year from the
date the obligation arises, or within one year after transposition for enterprises
that already consume more than 10 TJ. [6]

Many SMEs, especially energy-intensive ones in manufacturing, logistics, food
processing, data hosting, or multi-site retail, might cross the thresholds and face
obligations identical to larger firms. A non-energy-intensive SME may remain
below 10 TJ; however, industrial SMEs, multi-site chains, or SMEs with significant
production can surpass 10 TJ (audit) or even 85 TJ (EMS).

Research proves that investing in auditing energy consumption is cost-effective
for smaller companies even when energy intensity (in this case, the cost of
energy divided by annual turnover) exceeds only 2%. This includes also other
per-conditions that need to be met, like energy consumption above certain
threshold. [4]

However, this evaluation is rather basic and does not include important aspect
of additional benefits deriving from energy efficiency. And, as seen in Figure 1,
other benefits could have as high-cost savings as energy savings alone. [7]
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Figure 1 Average cost savings and payback periods of 3 300 energy efficiency measures in SMEs, US, 2002-2024, IEA [7]

On the other hand, there is a continuous policy debate in Europe about reducing
administrative and regulatory burdens for SMEs to strengthen their competitiveness.
This discussion is reflected in the EU Omnibus Package, which aims to simplify
and streamline reporting and compliance obligations, particularly under sustainability
and financial regulations. [8] In parallel, the SME Relief Package sets out
broader measures to cut red tape, simplify taxation and reporting, and improve
digital tools for smaller businesses. [9] Together, these initiatives reflect the EU’s
commitment to the “T7hink Small First’ principle, ensuring that SMEs remain
competitive, innovative, and resilient, while benefiting from a more proportionate
and business-friendly regulatory environment.

Energy audits and energy management systems are obviously essential tools for
improving energy performance, identifying savings, and supporting the EU’s
transition to a climate-neutral economy. However, their implementation can create
administrative and financial pressure for SMEs, particularly when audit and

reporting requirements are complex
or resource-intensive. The challenge
for policymakers and implementing & o @ fonce @y @ Poand
authorities is to balance the need
for robust energy efficiency
mechanisms with the principles of
proportionality and SME
competitiveness.
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SMEs with energy audits in furniture industry (DEESME 2050) (%)
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1.3 Objective of the report

The main objective of this report is to assess the practical and economic
implications of Article 11 of the EED for SMEs across different industrial sectors.
Specifically, the report aims to determine how many SMEs will fall under the
new energy audit and management system obligations, based on their average
annual energy consumption and sectoral energy intensity.

Beyond quantifying the number and size of affected enterprises, the analysis
also examines the cost-effectiveness of energy audits in relation to consumption
levels and enterprise size, identifying thresholds where audits are both technically
justified and economically viable. The report further explores the expected benefits
SMEs can achieve through audits and energy management systems, such as
energy savings, cost reduction, and operational efficiency improvements, as well
as the non-energy benefits, including productivity gains, process optimisation, and
enhanced competitiveness. Most of our focus is on finding the right balance
between the auditing cost and administrative effort with the enhanced
competitiveness of the companies active in energy efficiency implementation.

In parallel, the report reviews alternative or complementary solutions available to
SMEs that may not reach the consumption thresholds but still seek to improve
energy performance, such as simplified audit schemes, sectoral guidelines, digital
self-assessment tools, and participation in energy efficiency networks.

Ultimately, the purpose of the report is to identify the optimal balance between the scope
and stringency of audit obligations and the need for simplification, proportionality, and
cost-efficiency. By doing so, it aims to provide evidence-based insights to support
policymakers and stakeholders in designing frameworks that ensure energy
efficiency measures remain impactful yet manageable for SMEs across all sectors
of the European economy and, most importantly, they will produce economic
benefits both for the involved SMEs and EU Member States (such as energy
security, energy demand reduction, improved resilience of the manufacturing
sector, etc.).

Throughout the report, additional evidence and practical insights are provided
from the furniture sector, collected within the DEESME 2050 project. This sectoral
case serves as an applied example for testing assumptions, validating data, and
illustrating how the Article 11 framework can be effectively implemented in
practice.
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2. Energy efficiency of the SMEs in the competitiveness context

2.1 Competitiveness - European approach

In EU policy and economic analysis, competitiveness refers to the ability of an
economy, sector, or enterprise to deliver sustainable growth, employment, and
prosperity over the long term, while maintaining and improving its position in
global markets. [10] It is not limited to price competition, but rather reflects a
broad combination of productivity, innovation capacity, investment, and institutional

quality that enables businesses to operate efficiently, adapt to change, and create
value. [11]

ey Lower operating costs
‘ Reduced exposure to energy
price volatility
Increased supply security
{7 Regulatory compliance
Increased corporate and
market impact
Avoided risk from consumer

shift away from carbon-
intensive products

Reduced energy consumption

Lower emissions

Enhanced value proposition

of product/service
Improved product/service

Market advantage

Enhanced productivity and
increased income

Increased cost
competitiveness

Increased assets value

Improved process efficiency

Improved safety and
continuity

R
I Technological leadership
Figure 2 Example of how energy efficiency links to competitiveness, authors

According to the European Commission’s  Competitiveness =~ Compass,
competitiveness rests the foundation of innovation-led productivity growth, supported
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by a strong industrial base, efficient resource use, and a predictable regulatory
environment.

Another central element of competitiveness is the alignment between
decarbonisation and industrial performance. The green transition can be for many
SMEs not only an environmental necessity but also a source of new market
opportunities, industrial leadership, and cost savings. However, this requires that
climate and energy policies are implemented in a way that maintains cost
efficiency and reduces exposure to volatility in energy and raw material markets.

Equally important is the reduction of regulatory complexity. The Commission
recognises that the accumulation of rules and reporting requirements can reduce
the agility and investment capacity of businesses, particularly SMEs. This
simplification effort is directly linked to competitiveness: an efficient regulatory
system lowers transaction costs, accelerates investment, and fosters innovation.

Competitiveness also encompasses resilience and strategic autonomy. The EU
seeks to strengthen its capacity to withstand external shocks, ensure access to
critical inputs and technologies, and reduce dependencies on concentrated or
unreliable supply chains. Finally, competitiveness relies on several enabling
conditions: a deep and well-functioning single market, access to finance and
investment, a skilled workforce, and policy coherence across all levels of
governance. [12]

Within this broader framework, SMEs play a central role in maintaining Europe’s
competitiveness. They represent 99.8% of all enterprises and form the backbone
of industrial supply chains, regional economies, and innovation ecosystems.
However, SMEs are also the most exposed to regulatory and cost pressures,
which can limit their ability to invest in innovation or resource efficiency.
Therefore, we investigate this link between energy efficiency, its multiple benefits
and the rise in competitiveness.

In DEESMEZ2050, recognised multiple benefits in furniture industry are shown
below, where percentage represents share of companies where specific MB is
recognised.




Zoom in DEESME 2050
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2.2 How multiple benefits of energy efficiency ensure competitiveness

Energy efficiency measures,

particularly energy audits and energy management

systems,

can directly enhance SME

competitiveness. By identifying opportunities for energy savings, process optimisation, and productivity improvements, audits
contribute to cost reduction and operational resilience. In this context, the Multiple Benefits approach provides a comprehensive

framework for understanding how investments in energy efficiency generate a wide range of economic, operational,

social advantages that extend far beyond energy savings alone.

and

Table 1 below summarises how different energy efficiency actions generate multiple benefits and how these benefits directly
contribute to the main dimensions of competitiveness identified in EU policy.

Table 1 Link between multiple benefits of energy efficiency and competitiveness, based on Competitiveness Compass and work on multiple benefits

Multiple benefit
Cost
and

affordability

reduction

Productivity
and profitability

Market
positioning and
reputation

Emission
reduction

Description and key mechanisms

Energy efficiency reduces energy consumption and related operational expenses. High-
efficiency technologies are more reliable and usually incorporate Al solutions to activate
predictive maintenance, lowering O&M costs and preventing production downtime. Efficiency
improvements also decrease auxiliary costs such as cooling, ventilation, and compressed
air. These savings are particularly critical in energy-intensive industries (e.g.,
manufacturing), where energy accounts for a significant share of total production costs.
Efficient processes optimise the use of energy, materials, and water, leading to lower
waste and more stable operations. Upgraded equipment and automated control systems
reduce downtime and improve process accuracy (i.e. they reduce the share of low-
quality output). Optimised resource use translates into higher output per unit of input.

Companies that integrate sustainability and energy efficiency into their operations
strengthen their brand image and attract customers, partners, and investors. “Green
marketing” practices such as communicating environmental performance as part of

corporate identity have been shown to improve market share and customer loyalty.
Energy efficiency measures directly reduce CO, emissions, other greenhouse gases, and
air pollutants. This supports local air quality improvements and contributes to corporate
and national climate targets.

Competitiveness impact
Reduces risks and improves cost efficiency
and operating margins, freeing capital for
investment and growth.

Enhances productivity, profitability, and
competitiveness by reducing inefficiencies
and risks and increasing value added.

Improves brand value and  market
differentiation, enabling access to new
market segments and sustainable finance.

Enhances environmental performance and
supports compliance with the EU Green
Deal, improving reputation and access to
green incentives.

10
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Regulatory
compliance

and risk
management
Innovation and
technology
uptake

Economic

growth and
value creation
Energy security
and resilience

Health and
well-being

Employment
and skills

National and
sectoral
competitiveness

Implementing energy efficiency measures helps enterprises comply with environmental
regulations and avoid penalties. Automation and modernisation also reduce occupational
risks and enhance workplace safety. A strong energy management and ESG profile
increases credibility with regulators, lenders, and investors.

Energy efficiency drives the adoption of advanced, smart, and low-carbon technologies.
It stimulates innovation in product design, digitalisation, and operational processes.

By reducing input costs and improving productivity, energy efficiency enables companies
to produce more with the same resources. Increased profitability supports reinvestment
and business expansion.

Reducing overall energy demand decreases vulnerability to energy price fluctuations and
supply disruptions. Efficient systems also reduce strain on electricity networks during
peak demand periods, improving grid stability.

Improved energy performance enhances indoor air quality, lighting, and thermal comfort.
Lower emissions contribute to better public health and environmental quality.

Energy efficiency creates direct jobs (design, installation, maintenance) and indirect jobs
in supply chains and energy services. Lower energy costs increase the capacity of firms
to expand and hire.

At the macro level, energy efficiency reduces dependency on imported energy, increases
industrial productivity, and improves the overall use of resources. It also stimulates
growth in the energy services and renovation sectors, driving innovation and exports.

Reduces regulatory risk and strengthens
ESG performance, improving access to
capital and investment attractiveness.

Promotes technological leadership,
innovation and long-term competitiveness,
supporting the transition to Industry 4.0
and the net-zero economy.

Stimulates local and sectoral economic
growth through higher production capacity
and reinvestment potential.

Strengthens enterprise and national
resilience, reducing dependency on fossil
fuel imports and exposure to market
volatility.

Improves workforce health and productivity,
reducing absenteeism and creating healthier
work environments.

Supports job creation and
development in green industries,
services, and manufacturing.
Enhances the EU’s global competitiveness,
strengthens industrial value chains, and
supports sustainable economic resilience.

skills
energy

11



3. Energy consumption in SMEs - finding the numbers

When discussing the cost of audits, most research and project results show
huge differences but also lack of emphasis on these costs by the relevant
interviewees or researched companies. Three main motives can be identified,
each with roughly equal importance, for why enterprises decide to conduct an
energy audit. The first is the need to reduce energy costs, driven by rising
energy prices and the search for more efficient technical solutions. The second
relates to the opportunity to access EU or national funding, where audits are
often required to apply for investment support or participate in public tenders.
The third is compliance with legal obligations. Sometimes respondents note that
these companies often perceive the audit as a mandatory administrative exercise
rather than a strategic tool. [13] That exact conclusion is what we want to
overcome. The lack of precise and systematically recorded data on the energy
consumption of SMEs limits the ability to assess how many of these companies
are subject to the obligations set out in Article 11 [14].

Without reliable consumption data, it becomes challenging to identify which SMEs
exceed the energy thresholds that trigger specific regulatory requirements. There
are no official estimates on the number of SMEs that fall under the obligation
to carry out an energy audit, those whose annual energy consumption exceeds
10 TJ. An improved data collection and reporting mechanisms would ensure a
more accurate mapping of SMEs’ energy profiles and would clarify the impact
of regulations on SMEs.

There are no available exact shares of energy consumption in SMEs as opposed
to other total energy consumption in a country, as that is not the methodology
Eurostat or other statistics are showing. However, there are available estimates
for several EU countries, applicable to whole Europe, developed via LEAP4SME
project, and they are between 9 and 20% (or even 30% for ltaly). [15] On a
global scale, according to the International Energy Agency they consume more
than 13% of energy, so the findings from the EU countries are aligned with
the global consumption. [16]

We can evaluate the importance of not omitting SMEs by knowing that in 2014,
EUROCHAMBRES approximated that within its 20 million members in the
European Union, there existed a potential for short-term reduction in energy
consumption, which could span from 10% to 20%. This number has probably
not changed a lot.

3.1 Energy consumption in SMEs - modelling

To provide an estimation of the number of SMEs that fall under the EED article
11 obligations, we have analysed available data on energy consumption, per
country and per sector. We have examined the datasets available from Eurostat
and the Joint Research Centre (JRC). Data considered refer to the year 2023,
except for the manufacturing of textile and leather, for which 2021 data were
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used, as they were the most recent available at the time of the research.
These datasets were primarily divided into two broad macro-sectors: manufacturing
and services, each further subdivided into multiple detailed subsectors. Specifically,
for the [C] manufacturing sector, data were analysed for categories according to
the NACE nomenclature, such as:

[C20-C21] Chemical and pharmaceutical products
[C27] Electrical equipment

[C24-C25] Basic metals and metal products (no machinery)
[C28] Machinery and equipment

[C23] Non-metallic mineral products

[C22] Rubber and plastic products

[C17-C18] Paper, pulp and printing

[C16] Wood and wood products

[C13-C15] Textile and leather

[C10-C12] Food, beverage and tobacco

[C31] Furniture

[C26] Computer and electronic

[C32] Other manufacturing

For the services sector, still according to the NACE classification, the categories
analysed are:

[l Accommodation and food service

[N] Administrative and support service activities

[R] Arts, entertainment and recreation

[P] Education

[Q] Human health and social work activities

[J] Information and communication

[L] Real estate activities

[M] Professional, scientific and technical activities

[E] Water supply, sewerage and waste management
[G] Wholesale and retail trade, repair of motor vehicles

Two additional activities included in the analysis are [B] mining & quarrying and
[F] construction. Furthermore, “[H] transportation & storage”, “[D] electricity, gas
& AC” and “C29-C30] manufacturing of motor vehicles and other transport’
sectors were initially considered but later excluded due to significant data gaps
affecting the analysis.

The energy consumption data were then cross-referenced with information on the
number of SMEs and the number of employees per enterprise, ensuring
consistency across industrial sectors and European countries. The datasets covered

13




the 27 EU Member States, although in some cases the data were not fully
updated or available for all countries.

Eurostat datasets were used to obtain the number of companies categorized by
sector and by enterprise size (micro, small, and medium-sized enterprises). In
particular, five size classes were considered: enterprises with fewer than 10
employees, 10-19 employees, 20-49 employees, 50-249 employees, and more
than 250 employees. For each size class, data on the number of SMEs per
sector and per country were extracted. With the same division into classes, also
data on the total number of employees per class, per sector and per country
were considered.

Before proceeding with the estimation of energy consumption, the data on the
number of employees and the number of SMEs, disaggregated by size class,
country, and sector, were compared with the total figures for employees and
SMEs that are not broken down by these categories. In other words, for each
specific sector and country, we verified that the sum of the values across all
size classes matched the total reported value for the reference year, in our
case 2023. This check was carried out for both the number of employees and
the number of enterprises, in order to identify any discrepancies or inconsistencies
within the datasets.

An example is reported below. The column “Check” reports a 6 whether the
sum of the numbers in the 5 classes, “TOT” column, is substantially equal
(difference below 1%) to the total number in the “2023” column (provided by
Eurostat).

Table 2 Number of SME per country (EUROSTAT)

from 0 to from from >
9 10 to 50 to 250
19 249

European 114.822 | 7.800  4.390 2.070 384 129.392
Union
Belgium 1.913 80 68 39 1 2.101 2.100 2.101
Bulgaria 2.193 219 108 49 9 2.578 2.569 2.578
Czechia 4.582 163 139 71 5 4.960 4.955 4.960
Denmark 515 69 46 33 5 668 663 668
Germany 7.472 1.766 | 583 312 68 10.201 10.133 10.201
Estonia 821 45 51 32 0 949 949 949
Ireland 1.130 72 50 18 0 1.270 1.270 1.270
Greece 3.269 142 74 29 0 3.514 3.514 3.514

14
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Spain 9.231 626 460 156 17 10.490 10.473 10.490
France 12.688 273 184 89 21 13.255 | 13.234 13.255
Croatia 1.171 96 40 23 7 1.337 1.330 1.337
Italy 11.703 1.516 | 790 294 45 14.348 | 14.303 14.348
Cyprus 286 14 4 3 0 307 307 307
Latvia 842 53 24 17 4 940 936 940
Lithuania 2512 146 96 71 23 2.848 2.825 2.848

For each sub-sector, countries with unreliable data have been excluded from the
calculation (both those belonging to the manufacturing and service macro
category).

In some cases, the data were manually corrected. In fact, since both the
number of employees and the number of enterprises is available for each of
the five classes, it is often possible to derive one of these values when it is
missing. This is done while maintaining the main boundary condition: the sum
of all employees across the classes must equal the total number of employees
(not fragmented into classes), and the same holds for the total number of
enterprises. To better illustrate this, let's consider an example. Suppose that for
the class of 0 to 9 employees in country X, there are 300 SMEs recorded,
but the corresponding number of employees in that class is missing. Provided
that all other data for the remaining classes are known and that the total
number of employees is available, it is possible to derive the missing value
and verify its consistency. The verification can be done by dividing the derived
number of employees by the 300 SMEs in that class and checking that the
resulting average number of employees lies between 0 and 9.

This procedure can also be applied when there are missing values for two
classes, by approximating the missing data using the average value of the class
and adjusting it so that the total matches the available and known aggregate
value.

3.1.1 Estimation Methods

In this research, we estimated the energy consumption of SMEs by using
available data on the number of employees and the number of SMEs in each
country. The estimation was made using specific indicators, starting from the
number of employees per company. By dividing the total national energy
consumption by the total number of employees, disaggregated per country and
sector, we first calculated the average energy use per employee and then
derived the portion referable specifically to SMEs (by knowing the number of

15
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employees working in SMEs). This calculation allows us to measure the energy
intensity of SMEs and it gives an overview of energy efficiency at firm level
but it says nothing about the sources of energy used.[17] However, this approach
has been used in previous studies, demonstrating that it provides a reliable
proxy for estimating sectoral energy use in context where punctual data are
scarce and for assessing efficiency improvements potential. [18], [19]

Two possible ways to derive the energy consumption related to SMEs were
initially considered, but only one was later applied. Knowing the average energy
consumption per employee and the total number of employees in SMEs, it was
possible to derive the total energy consumption of SMEs. Dividing this total
number by the total number of SMEs per country, we could obtain the average
energy consumption per SME. However, from this average value it was not
possible to determine the distribution of energy consumption among the various
SMEs within each country, nor to assess whether micro and small enterprises
also exceeded the consumption threshold or if this condition only applied to
medium-sized enterprises. Using this approach, if this average value of a country
exceeded 10 TJ, it would mean that 100% of SMEs in the country were subject
to the EED obligations. This mean value per SME has been used for the
verification and validation of the modelled consumption in the dedicated chapter.
To reduce this consumption overestimation, we calculated the maximum energy
consumption for each class and country, based on the energy consumption per
employee previously derived. This mean value, obtained for each country, was
used to calculate the energy consumption of SMEs with less than 10 employees,
less than 20, less than 50, less than 250 and then large companies. A small
overestimation was introduced by considering the upper value of the class range.
Specifically, in the class between 0 and 9 employees, we calculated the energy
consumption by multiplying the unit energy consumption per employee by 9,
representing the worst-case scenario and thus obtaining the maximum consumption
of the class. Furthermore, knowing the number of SMEs per country included
in the class between 0 and 9 employees, it was possible to calculate the
percentage of SMEs belonging to this category. When the energy consumption
of this class exceeded 10 TJ, the corresponding percentage was calculated and
included in the graphs presented in the following section.

This approach allowed us to compare estimates of SMEs energy consumption
across countries and sectors, and it provides a proxy for the energy use at
the SME level, even if direct measurements are missing. We repeated the
calculation for each country and sector, thus obtaining the percentage of SMEs
with an annual energy consumption higher than 10 TJ, threshold included in the
Art. 11 of the EED. Finally, we validated the outcomes though literature and
other available data.
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3.1.2 Results

The analysis of the results is reported below, starting from the manufacturing
sector.

The first sub-sector is the manufacturing of basic metals and metal products,
except machinery and equipment. The analysis has been performed for 23
countries for which the data were available. In the European Union, the
manufacturing of basic metals is dominated by SMEs. The graph below shows
that the % of SMEs in 20 out of 23 countries is in the range 91-100%.
Slovenia is characterized by a slightly lower share, 89,5%, while Luxemburg and
Austria present the lowest shares with 62,5% and 72% respectively.
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Graph 1 Share of SMEs in the manufacturing of basic metals in the EU

The important part of SMEs in the European economy is even more visible in
manufacturing of metal products, where all the 23 countries considered show a
share of SMEs higher than 99%.
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Graph 2 Share of SMEs in the manufacturing of metal products in the EU
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The estimation of the energy consumption has been carried out merging basic
metals and metal products as one only sector. The graph below shows the
percentage of companies, both SMEs and large companies, with an annual
energy consumption higher than 10 TJ (threshold included in art. 11 of the
EED, above which companies fall under energy audits obligations). In most of
the countries, less than 10% of the SMEs fall under the obligations.

Basic metals and metal products

100.00%
90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

Italy =

Latvia W
Lithuania

Austria |

Poland |
Portugal |

Finland N

Spain |

France [

Belgium ||
Bulgaria [ |
Czechia |
Denmark I
Estonia
Greece B
Croatia |
Hungary |
Malta
Romania Il
Slovenia Il
Slovakia |

Germany -

mTOT mTOT SMEs

Graph 3 Share of SMEs and large companies with an annual energy consumption exceeding 10 TJ — Manufacturing of basic
metals and metal products
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The manufacturing of chemical and pharmaceutical products is characterized by
higher values of energy consumption per employee. For both the sub-sectors,
the presence of SMEs is predominant, especially for the manufacturing of
chemical products, for which each country analysed present a share of SMEs

higher than 98%.
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Graph 4 Share of SMEs in the manufacturing of chemical products in the EU
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For the manufacturing of pharmaceutical products, the share of SMEs

Finland N

in the

national economy is above 80% for all the European countries considered.
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A variable share of SMEs has an annual energy consumption exceeding 10 TJ
in all the European countries analysed. The percentage varies widely and can
reach more than 90% for Belgium, Bulgaria, Lithuania, Hungary, Romania and
Finland. For all the above-mentioned countries, more than 60% of micro
enterprises exceed the threshold already. Latvia and Croatia record the lowest

values, just below 10%.
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Graph 6 Share of SMEs and large companies with an annual energy consumption exceeding 10 TJ — Manufacturing of
chemical and pharmaceutical products

The number of SMEs is predominant in the EU also in the manufacturing of
computer, electronic and optical products, as shown in the graph below:

©
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Graph 7 Share of SMEs in the manufacturing of computer, electronic and optical products in the EU
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For 10 of 22 countries the annual energy consumption of SMEs is lower than
10 TJ, while for the remaining 12, the majority is characterized by a share
lower than 10%, except Portugal (11,2%) and Malta (28,6%).
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Graph 8 Share of SMEs and large companies with an annual energy consumption exceeding 10 TJ — Manufacturing of
computer, electronic and optical products
Similar to this subsector, also the manufacturing of electrical equipment shows
an alike behaviour. The percentage of SMEs in the market is above 95% for
all the countries. In Germany, Estonia, Austria and Romania more than 10% of
SMEs are characterized by an annual energy consumption higher than 10 TJ,
but for all of these countries the number is well below 20%.
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Graph 9 Share of SMEs and large companies with an annual energy consumption exceeding 10 TJ — Manufacturing of
electrical equipment
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Manufacturing of food, beverage and tobacco has been considered as one
subsector. For many countries data was inconsistent, therefore the analysis has
been carried out on a limited number of them. Both food and beverage
manufacturing are primarily carried out by SMEs, which account for more than
98% of companies in all the countries analysed. The situation slightly differs for
tobacco manufacturing, where large companies (with more than 250 employees)
have a stronger presence, especially in Croatia and Romania, although SMEs
still represent the majority.

In all countries, only a small share of SMEs is subject to the energy audit
obligation. The highest proportion, around 14-15%, is observed in Austria.
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Graph 10 Share of SMEs and large companies with an annual energy consumption exceeding 10 TJ — Manufacturing of food,
beverage and tobacco

The manufacturing of furniture, sector deeply investigated during DEESME 2050
project, is highly dominated by SMEs in all the European countries considered.
SMEs account for more than 99% of the total number of companies in this
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sector. The share of SMEs with an annual energy consumption higher than 10
TJ is limited. A peak just below 5% is observed in Denmark.
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Graph 11 Share of SMEs and large companies with an annual energy consumption exceeding 10 TJ — Manufacturing of

furniture

As with the previous subsectors, SMEs represent the majority of companies in
machinery and equipment manufacturing, accounting for more than 97% of all
companies. Among SMEs, the largest group is consistently that of micro
enterprises (with 0 to 9 employees), whose share ranges between 50% to 75%.

The share of SMEs subject to the EED obligations varies depending on countries.
The highest values are registered for Germany and Austria (around 13,5%),
followed by Bulgaria (11,5%), while for the other countries the percentage is

always below 10%.
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Machinery and equipment
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Graph 12 Share of SMEs and large companies with an annual energy consumption exceeding 10 TJ — Manufacturing of
machinery and equipment

In the European Union, the manufacturing of non-metallic mineral products such
as clay, glass, ceramic and cements is mainly carried out by SMEs, accounting
for more than the 97% of enterprises. However, there are significant differences
in energy consumption among these SMEs, across countries. A first group of
them, covering 10 countries, shows a very high share of SMEs, between 96%
and 99%, with an annual consumption above 10 TJ. A second group instead,
including 5 countries, is characterized by a share of SMEs below 10%. Finally,
a third group consisting of 10 countries, shows a scattered share of SMEs,
ranging from 12% to 35%.
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Graph 13 Share of SMEs and large companies with an annual energy consumption exceeding 10 TJ — Manufacturing of non-
metallic mineral products
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The manufacturing of paper and paper products is also mainly carried out by
SMEs in the EU. In all the countries analysed, between 94% and 100% of
companies operating in this sector are SMEs, with the exception of Austria
(88%). The share of SMEs is even higher among companies engaged in “printing
and reproduction of recorded media”, ranging from 99% to 100%.

The graph shows an uneven distribution among countries, even though in most
of them less than 10% of SMEs are above the energy consumption threshold
(10 TJ). However, a few countries stand out with much higher shares: Austria,
Portugal, Slovakia, Finland and Sweden reach values close to 100%, indicating
that SMEs in these countries and in this category are large energy users.
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Graph 14 Share of SMEs and large companies with an annual energy consumption exceeding 10 TJ - Manufacturing of
paper, pulp products, printing and reproduction of recorded media

Similar to the previous subsectors analysed, SMEs represent the majority of
companies also in the manufacturing of rubber and plastic products, accounting

from 97% to 100%.

Overall, the share of companies with a consumption higher than 10 TJ in this
sector is below 20% in most countries. Belgium, Denmark and France show
higher percentage in contrast to most central and eastern European countries.
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Graph 15 Share of SMEs and large companies with an annual energy consumption exceeding 10 TJ - Manufacturing of
rubber and plastic products
Another manufacturing subsector dominated by SME in the EU is the one of
wood and of products of wood and cork (except furniture), articles of straw and
plaiting materials. SMEs shares range between 99% to 100%. The largest
manufacturing countries are Czechia, Italy and Poland, with more than 20.000
companies operating in this sector.

Overall, a small percentage of SMEs fall under the energy audit obligations.
Many countries such as Czechia, Greece, Italy, Cyprus, Malta, Romania, Slovakia
and Albania show a share close to 0%. In this companies, most SMEs fall
within the category of 0 to 9 employees and can therefore be classified as
micro-enterprises. Even if the number of micro enterprises is predominant, Finland
is the outlier, where nearly 100% of both SMEs and large companies consume
more than 10 TJ annually, reflecting a quite energy intensive wood industry.
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Graph 16 Share of SMEs and large companies with an annual energy consumption exceeding 10 TJ - Manufacturing of wood
and cork products, articles of straw and plaiting materials

The manufacturing of textiles, wearing apparel and leather is also highly dominated
by SMEs in all the European countries considered in the study. The share of

SMEs spans from 98% to 100%.

The share of SMEs falling under the energy audit obligations is limited and
below 5% for the majority of the countries. The highest percentage is recorded

for Belgium with 6,4%.
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Graph 17 Share of SMEs and large companies with an annual energy consumption exceeding 10 TJ - Manufacturing of
textiles, wearing apparel and leather
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The last subsector considered is “Other manufacturing”. Also in this case the
high spread of SMEs in the European economy is evident. The percentage of
SMEs ranges between 97% to 100% in this sector. Annual energy consumption
levels are limited, with only a small share of SMEs exceeding the threshold of
10 TJ per year. For 11 countries out of 21, this percentage is close to zero,
and for all countries, it remains below 3%.
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Graph 18 Share of SMEs and large companies with an annual energy consumption exceeding 10 TJ — Other manufacturing

Analysing the mining and quarrying sector, it is not surprising that the number
of SMEs in the EU is much higher than the number of large enterprises, with
shares typically ranging between 96% and 100%.

The shares of SMEs exceeding an annual energy consumption of 10 TJ widely
varies across countries and the trend is scattered. Overall, data indicate that
SMEs make up a significant number of energy-consuming companies in the
sector. In particular, five peaks can be observed for countries such as Belgium
(84%), Denmark (98%), Spain, Austria and Finland (99%).
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Graph 19 Share of SMEs and large companies with an annual energy consumption exceeding 10 TJ — Mining and quarrying

The construction sector is characterized by a limited energy consumption and a
small share of SMEs falling under the energy audit obligations. For this reason,
the main results of the construction sector analysis will be reported in the table
below, together with those from the services sector.

Table 3 Main outcomes from services and construction sectors

Sub-sector

%SMEs over 10 TJ

%companies over
10 TJ

Construction sector

Y1(6))

Construction

0-1.74%

0.01-1.96%

SMEs: Austria
(1.74%)

All:  Austria (1.96%)

Services sector

Accommodation and 0-2.5% 0.03-2.8% SMEs: Denmark
food service (2.5%)

All: Denmark (2.8%)
Administrative and 0% 0.1-1.3% All:  Luxemburg
support service (1.3%)
activities
Arts. entertainment and 0-2% 0.04-2.3% SMEs: Denmark
recreation (2%)

All: Denmark (2.3%)
Education 0-2% 0-2.1% SMEs: Belgium

(2%)
All: Belgium (2.1%)
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Human health and 0-1.6% 0.2-1.8% SMEs: Lithuania
social work activities (1.6%)

All: Lithuania (1.8%)
Information and 0.1-3% 0-2.5% SMEs: Germany
communication (3%)

All: Germany (2.5%)
Water supply. 2.1-18% 3.2-19.3% SMEs: Lithuania
sewerage. waste (18%)
management All:  Lithuania

(19.3%)
Wholesale and retail 0-2% 0.1-2.3% SMEs: Germany
trade. repair of motor (2%)
vehicles All: Germany (2.3%)
Financial and 0% 0-0.4% All: Malta (0.4%)
insurance’
Real estate activities 0-0.08% 0-0.11% SMEs: Malta
(0.08%)

All: Malta (0.11%)
Professional, scientific 0-0.3% 0-0.35% SMEs: France
and technical activities (0.3%)

All: France (0.35%)

3.2 Validation of modelled energy consumption

# through literature review and empirical evidence

The purpose of this section is to validate the modelled estimates of energy
consumption in SMEs by comparing them against empirical data and evidence
from existing studies and projects. While the model developed in the previous
section provides a harmonised, statistically consistent estimation of energy use
across sectors, it is essential to verify its accuracy and representativeness using
real-world data. This data is extremely scarce and therefore can only be used
for calibration and validation.

The validation process combines insights from two complementary evidence
streams.

' For this sector and the following two (real estate activities and professional, scientific

and technical activities), the calculations were made based on the limited data available.
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i First, a review of published academic and grey literature, including national
and international audit studies, offers benchmark values for SME energy
consumption.

1 Second, the analysis incorporates data and findings from recent EU-funded
projects, initiatives focused on SME energy efficiency. These projects provide
detailed audit results, sectoral benchmarks, and case studies based on real
measurements at enterprise level. They therefore serve as a critical reference
for assessing the realism of modelled consumption levels and the applicability
of the underlying assumptions.

Together, these sources enable a cross-check of modelled estimates against
observed energy use patterns, ensuring that the model reflects the operational
reality of SMEs across different sectors and size classes. This triangulated
validation approach strengthens the robustness of the results and enhances their
relevance.

3.2.1 Case studies from literature and projects

Indicative calculations of averages from LEAP4SME project

Sample Country/ies

Approximation All SMEs 7 EU countries

The table below presents the estimated average annual energy consumption per
SME for six EU Member States, calculated using the SME total energy
consumption values (in ktoe) from the project and the most recent available
national counts of SMEs (European Commission, 2024 SBA Fact Sheet). Energy
consumption was converted from ktoe to terajoules (TJ).

These calculations illustrate substantial differences in average SME energy use
across countries. The results reflect variations in industrial structure, the share
of manufacturing within the SME sector, and national energy intensity. For
example, Belgian and Bulgarian SMEs show relatively high average energy
consumption per enterprise, suggesting a stronger presence of energy-intensive
industries within the SME population, while Austrian and Italian SMEs record
considerably lower averages, consistent with a larger share of small service-
oriented firms. However, all of these numbers are far from 10 TJ threshold.
[20]

Of course, the calculation from LEAP4SME has included non-sector specifics and
all companies which makes the average even lower than any of the sectors
mapped in our calculations, which are mainly manufacturing.
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Table 4 Average consumption in SMEs in 7 EU countries, LEAP4SME

Country SME total (ktoe) No. of SMEs Avg. TJ/SME

Italy 37,397 4,300,000 0.36
Austria 1,908 579,500 0.14
Belgium 24,318 648,000 1.57
Bulgaria 8,333 350,000 1.00
Malta 271 39,000 0.29
Spain 50,419 2,930,000 0.72
Sweden 17,769 1,150,000 0.65

Industrial SMEs of three European countries (and Japan)

Sample Country/ies

puats T T

(aggregated)

A comparative analysis of more than 700 manufacturing SMEs across Europe
(Belgium, Italy, and Sweden) examined energy use and efficiency opportunities
in key industrial sectors.

The metal products and mechanical engineering sector showed the highest energy
consumption, typically between 2 and 6 GWh per enterprise (7-22 TJ). Most of
this demand stemmed from process heat, furnaces, and machining operations,
with electricity covering roughly one-third of total final energy. The food and
beverage industry followed, consuming 1-3 GWh/year (3-11 TJ) per SME, driven
by heating, cooling, and packaging systems. Plastics, rubber, and chemicals
ranged from 1.54 GWh/year (5-15 TJ), while wood, paper, and printing averaged
0.5-1 GWhl/year (2- 4 TJ), reflecting mainly electricity-based operations. Textile
and apparel SMEs consumed the least energy, generally below 0.5 GWh/year
(2 TJ). [21] Obviously, most of the sectors are below 10 TJ.

Comparing these average values with the ones found from the modelled data,
for the food, beverage and tobacco industry the average annual values for the
countries analysed span from 1 to 7 TJ/SME, for the plastic and rubber industry
they span from 2 to 10 TJ/SME, for wood they span from 0,5 to 5 TJ/SME
with one exception reaching 10,4 TJ/SME for Latvia. For paper and printing the
average values span from 0.5 to 4.6 TJ/SME with some exception reaching
much higher values. These are Germany (8.5), Austria (28.3), Portugal (14.4),
Finland (41.8) and Sweden (30.2). For textile, apparel and leather they span

32




~

'

DEESME 2050

from 0.5 to 2.4 TJ/SME, with one exception reaching around 5 TJ/SME for
Poland. From the modelled data, chemical and pharmaceutical products are
treated together and the average energy consumption per SME varies significantly
from country to country, the figure fluctuate considerably, ranging from just a
few TJ to 50 TJ. The peak is reached for Belgium, with a value of 52.8 TJ.
Most of the other countries are instead around 14 to 20 TJ.

The energy audits revealed a technical saving potential of 10-25 % of total final
energy use, depending on the sector. Overall, the study confirms that while
most manufacturing SMEs are non-energy-intensive, they collectively offer significant
cumulative savings potential.

Energy consumption of SMEs in Central Europe

Data Sample Country/ies
Survey +
calculation 506 Central Europe

An assessment of 506 small and medium-sized enterprises (SMEs) from Austria,
the Czech Republic, Hungary, ltaly, and Slovenia revealed that participating firms
were predominantly non-energy-intensive, with energy consumption patterns closely
linked to their industrial structure and production processes. The analysis, based
on data collected through the 3EMT (Eco-Energy-Efficiency Management Tool),
showed that average energy consumption per unit of turnover ranged from 0.12
KWh/€ in ltaly to 0.31 kWh/€ in Slovenia, well below the EU industrial average
of 1.41 kWh/E.

Many participating firms were active in the manufacturing sector (NACE C),
accounting for around 44% of all respondents and reaching 61% in Italy and
56% in Hungary. Other significant sectors included wholesale and retail trade
(around 9%), professional and technical services (8%), and construction (6%),
with smaller shares in others. [22]

To translate these relative indicators into physical energy terms, average national
SME turnover values were applied, derived from Eurostat's Structural Business
Statistics and national SME datasets. Average turnover per SME ranged from
roughly €1.8 million in Hungary and €1.9 million in Slovenia to €2.3-2.8 million
in ltaly and Austria. When multiplied by the observed energy intensity, the
resulting total energy consumption per enterprise corresponds to approximately 1-
2 TJ peryear, depending on the country. These results confirm that Central European
SMEs typically operate well below the 10 TJ/year threshold that characterises
energy-intensive enterprises.
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Energy intensive SMEs in Southern and Eastern Europe

Data Sample Country/ies

\

Audits (measured South and East A R
alilrg
data) 280 Europe

Assessment of 280 manufacturing SMEs from Austria, Bulgaria, Cyprus, ltaly,
Romania, Slovakia, and Spain. The data originate from energy audits conducted
within the PINE (Promoting Industrial Energy Efficiency) project, which aimed to
identify energy-saving potential across a representative cross-section of
manufacturing sectors. Each participating country contributed 40 audited SMEs.

The audited enterprises covered a broad range of manufacturing subsectors,
including metal processing and engineering, construction materials, food and
beverage production, plastics and rubber, wood processing, printing, and textiles.
The sectoral composition varied significantly across countries:

1 Romania and Bulgaria were dominated by metal and construction-materials
producers, explaining their relatively high energy consumption.

1 Austria and Slovakia focused mainly on metal processing, engineering, and
plastics.

91 Italy and Spain featured food, packaging, and light manufacturing industries,
while Cyprus included food production, printing, and small-scale services.

When converted from reported fuel and electricity consumption, total primary
energy use ranged between 2.8 TJ per SME in Cyprus and 67 TJ per SME
in Romania, with intermediate values of 10-20 TJ per SME for Italy, Spain,
Austria, and Slovakia. The overall average across the 280 SMEs was
approximately 15 TJ per SME per year. However, this mean is skewed by a
few large and energy-intensive firms in Romania and Bulgaria; most SMEs in
the sample consumed below 10 TJ annually, consistent with the profile of non-
energy-intensive manufacturing.[23]

Energy consumption was closely linked to production processes and sectoral
composition rather than company size. Sectors requiring high-temperature
processes (metal and mineral processing) exhibited substantially higher energy
use, while food and light manufacturing SMEs showed lower, more electricity-
based demand profiles.
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Denmark - General SMEs

Sample Country/ies

. [ |
Statistics All SMEs =T

In Denmark, less than 1% of SMEs account for more than half of all SME energy
consumption. Data from Statistics Denmark (in research cooperation with OECD)
show that fewer than 650 SMEs, representing only around 0.6% of all Danish
SMEs, fall into the high-consumption categories for electricity (above 2,000 MWh
per year, roughly 10 TJ). Yet these few energy-intensive firms are responsible
for over 50% of total SME electricity use.

Within this group, around 35% of SME electricity consumption is linked to
enterprises using between 2,000 and 20,000 MWh per year (approximately 10-
85 TJ), and another 19% comes from those using over 20,000 MWh per year
(above 85 TJ). This pattern shows a strong concentration of electricity demand
among a very small number of highly energy-consuming SMEs.

A similar concentration is seen in natural gas consumption. In the manufacturing
sector, SMEs account for 43% of total gas use, and about 60% of that is
consumed by enterprises in the 100,000-1,000,000 GJ per year range (roughly
25-250 TJ), even though only around 3% of SMEs fall into this category. The
remaining 40% of SME gas use is found among smaller consumers (1,000-
100,000 GJ per year), while only large companies consume more than 1,000,000
GJ per year (=280 TJ).

Importantly, many of the SMEs with high electricity consumption are also major
gas users, indicating that the same limited group of energy-intensive enterprises
dominates both electricity and gas demand.

Overall, the Danish data clearly demonstrate that a very small share of SMEs,
well below 1%, accounts for a disproportionate share of total SME energy
consumption, both for electricity and gas. This highlights the importance of
focusing energy efficiency and decarbonisation measures on this group to achieve
the greatest impact. [24]
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Non - energy intensive manufacturing

Data Sample Country/ies

Measured data ‘ 2 ‘ ﬁ —

The study analyses two manufacturing SMEs located in Slovenia and Hungary,
respectively. Both enterprises implemented energy-efficiency measures within the
framework proposed by the authors.

The findings show that the companies operate within the non-energy-intensive
segment of manufacturing SMEs. Their annual total energy consumption amounts
to approximately 900,000 kWh for the Slovenian SME and 1,300,000 kWh for
the Hungarian SME. Converted, this equals about 3.2 TJ and 4.8 TJ per year,
respectively.

These levels place both companies well below the 10 TJ per year threshold
typically associated with energy-intensive operations. Despite their relatively modest
energy demand, both achieved significant savings, around 900,000 kWh and
1,300,000 kWh, through the implementation of targeted efficiency measures,
demonstrating that meaningful reductions can be achieved even in smaller, non-
energy-intensive manufacturing settings. [25]

Greece - general SMEs

Sample Country/ies

B

Carbon footprint

. 93
analysis

An assessment of 93 micro and small enterprises in Central Macedonia, Greece.
The study covered companies from processing, manufacturing, textiles, and food
industries, most employing between 2 and 25 people. The analysis showed that
the average annual final energy consumption per enterprise was approximately
29 MWh, equivalent to about 104 GJ or 0.1 TJ per SME per year. More than
60% of the surveyed companies consumed above this mean, reflecting significant
variability in energy intensity even among micro-firms operating in similar sectors.

Energy use was dominated by electricity, which accounted for the largest share
of total consumption and related emissions. Process energy (machinery, heating,
and production operations) formed the second-largest component. The study
identified a technical energy-saving potential of 10-25 %. [26] These findings
highlight that even very small enterprises, though non-energy-intensive in absolute
terms, can benefit substantially from targeted efficiency improvements.
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The food sector, together with the beverage and tobacco manufacturing has
been also considered and analysed in the model. In Greece, no companies with
less than 50 employees reaches an annual energy consumption above 10 TJ;
therefore, none are subject to the obligations. The average consumption value
for SMEs with between 2 to 25 employees range from 0,18 to 2,3 TJ annually.

REEValue project

Data Sample Country/ies

»
Audits 44 SMEs 7 EU countries %|

Across seven EU countries analysed in the REEValue project (Malta, Bulgaria,
Finland, Greece, Ireland, ltaly, and Portugal), 44 audited enterprises were classified
as SMEs. Among them, 11 consumed more than 10 TJ of final energy per
year, corresponding to approximately 25% of the sample. These high-consuming
SMEs were mainly medium-sized manufacturing firms operating in food and
beverage production, metal processing, plastics, and construction materials.

Extrapolation from this dataset indicates that between 15% and 25% of
manufacturing SMEs exceed the 10 TJ threshold, while fewer than 5% of
service-sector SMEs and almost no micro-enterprises (<10 employees) reach this
level. On an EU scale, around 5-10% of all SMEs are estimated to consume
more than 10 TJ annually, representing the upper edge of the SME segment
in terms of energy demand. Among 129 audited companies, 22 additional firms
will now require an energy audit under the new 10 TJ threshold (rising from
44 to 66). Conversely, 28 large companies that were previously obliged will no
longer need to conduct audits.[27]

For some of the countries mentioned above, it is possible to compare the
values estimated by the model. Considering the medium-sized (between 50 and
249 employees) manufacturing firms operating in food and beverage production,
manufacturing of basic metals and manufacturing of plastics and rubber, on
average their annual energy consumption is estimated exceeding 10 TJ. However,
these companies correspond only to a small share of the total, between 1-2%
to 9-10%, slightly higher for the manufacturing of plastic and rubber, ranging
from 5% to 22%.

3.2.2 Conclusion from available case studies

The cross-comparison of modelled SME energy consumption estimates with
empirical evidence from audit studies and EU projects confirms that the model
provides realistic and representative results across countries and sectors.
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1 Average SME energy use is very low in absolute terms.

Across multiple datasets (LEAP4SME, 3EMT, REEValue, PINE, national audits),
the typical annual energy consumption of an SME ranges from 0.1 to 2 TJ,
with most manufacturing SMEs consuming between 2 and 10 TJ per year. This
aligns closely with modelled values and supports the robustness of the approach
for the non-energy-intensive SME majority.

1 The 710 TJ threshold effectively separates typical SMEs from high
consumers.

Evidence from industrial audits in Belgium, Italy, Sweden, Austria, and Spain
shows that only a small fraction (5-10%) of SMEs exceed 10 TJ annually.
These are mainly medium-sized firms in energy-intensive subsectors (metal
processing, chemicals, construction materials, and food production). Most micro
and small enterprises fall far below this level, confirming the threshold’s
discriminating power for defining audit obligations.

1 Strong heterogeneity exists across sectors and countries.

Energy consumption per SME varies by more than one order of magnitude,
from 0.14 TJ in Austria to 1.6 TJ in Belgium, reflecting differences in industrial
production mix, climate, and energy intensity. Country-level averages mask
significant within-sector variation: metal and chemical SMEs typically reach 7-22
TJ, while wood, printing, and textile SMEs remain below 4 TJ.

1 A small share of SMEs drives total consumption.

The Danish data illustrate this concentration most clearly: less than 1 % of
SMEs account for over 50 % of total SME energy use. Similar patterns appear
in other Member States. This finding confirms that targeting this limited group
would vyield the greatest efficiency impact, while lighter-touch measures can
address the much larger group of low-consuming SMEs.

1 Validation supports the calculation calibration and assumptions.

The triangulated comparison, combining literature data, EU-project audits, and
sectoral benchmarks, shows that the modelled SME energy use levels are
statistically consistent with observed real-world consumption. Minor deviations can
be attributed to sampling biases or sectoral coverage rather than systematic
error.

Overall, the validation confirms that the model accurately captures the order of
magnitude and distribution of SME energy consumption across Europe. The
results can therefore be considered robust for policy analysis and for estimating
the population affected by the new 10 TJ audit threshold.
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4. Feasibility analysis

Energy audit obligations, as defined under the EED, apply only to enterprises
above energy consumption or size thresholds and we saw these are not a
large share of companies. This means that many SMEs fall below the mandatory
limit, while only a smaller group of larger or more energy intensive companies
are required to perform regular audits.

However, the central question remains: does auditing pay off? For those above
the threshold, energy audits are a compliance requirement but also a potential
opportunity to identify cost saving measures, process improvements and pathways
to decarbonisation. For those below the threshold, audits are voluntary and often
depend on national incentives or project-based support. These firms face different
challenges: limited capacity, fewer dedicated energy staff and higher uncertainty
about returns.

To understand whether energy audits deliver real value, both for companies that
must conduct them and those that choose to, it is essential to examine the
available evidence. The following section reviews empirical findings on whether
audits translate into concrete energy efficiency measures, improved performance
and investment uptake across all company groups and how much they cost
(time and money). In other words, beyond the question of who is obliged to
audit, does the process itself make a measurable difference?

4.1 Implementation of audits and EMS in SMEs

Implementing an Energy Management System (EMS) represents one of the main
pathways for enterprises exceeding the 85 TJ/year consumption threshold under
Article 11. Although the Directive defines the obligation in functional rather than
financial terms, understanding the economic implications of EMS adoption is
crucial for assessing proportionality and feasibility, especially for SMEs.

Evidence from UNIDO EMS Capacity-Building Programme provides a reference
for estimating typical EMS implementation costs at enterprise level. Adjusted for
cumulative Euro-area inflation of approximately 25% between 2018 and 2025, the
following indicative cost structure applies. For small enterprises (under 50
employees), costs for EMS implementation typically range from 8,000 to 12,000
EUR, while medium-sized enterprises (up to 250 employees) may reach 20,000
EUR, depending on process complexity and in-house expertise. These costs
include internal staff time dedicated to planning, data collection, monitoring, and
reporting; technical assistance from external experts for the initial energy review
and system setup; training and capacity-building activities for staff involved in
EMS implementation; and, where necessary, investments in monitoring and
metering equipment or software for energy data management. Additional operational
and administrative costs may also arise for documentation, travel, or certification-
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related activities. [28] Also, among the challenges cited by organisations using
ISO 50001 is the “high cost of certification” itself. [29]

The data on the concrete cost of energy audits is very hard to find, because
it depends on the legislative framework (whether it is done internally or by an
expert and if certification schemes are in place for energy auditors), country,
size of a company, complexity of the companies’ processes. As opposed to the
auditing of buildings, where countries often prescribe the adequate price/size and
price/type, that is not the case for companies. We can, therefore, find different
cases, for example SEIA (Ireland) offering 2,000 EUR grant, claiming it would
be enough for an SME to implement energy audit [30], where Slovenia grants
10,000 EUR for the same purpose, claiming the adequacy of the amount. [31]

Analysis of energy audits and impacts from Lithuania notes that even a small
investment is considered high by SMEs. [32] It is probably important to note
that none of these options is right or wrong, as the research shows major
diversity among audits, auditing systems, quality and follow-ups, so we expect
these different costs mean also different audits. [33]

Most detailed information is available from research by Fresner et al. They
provide detailed estimates of the time and cost required for energy audits in
SMEs. On average, a complete audit takes 30 to 50 working hours, equivalent
to about 4 to 6 person-days. With consultancy rates ranging between 500 EUR
and 800 EUR (at the time of research) per day, the total audit cost typically
falls between 2,000 to 4,000 EUR. However, the study also shows that SMEs’
willingness to pay is much lower—around 1,500 to 2,000 EUR per audit, creating
a clear financing gap. As a result, many smaller firms either refrain from auditing
or rely on subsidised programmes and project-based support. Without considering
non-energy benefits, the audit tends to pay off when electricity use exceeds 1
GWh or fuel use exceeds 2 GWh per year (3.6 and 7.2 TJ), and when energy
costs are above 2% of

turnover. Additional Zrom in DEESME 2050
favourable conditions ’

include waste heat @ Energycost @ Other SME's costs
problems or obsolete, Bulgaria

oversized equipment. To
recover audit costs
within  four vyears, a
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The EIB Working Paper on energy audits from 2019 analysed how energy audits
affect SMEs’ investment behaviour across the EU. Using data from the EIB
Investment Survey (2017-2018) covering over 12,000 firms, the study applies
propensity score matching to compare audited and non-audited enterprises. Results
show that firms with energy audits are about 1.5 times more likely to invest in
energy efficiency. The positive effect is strongest for innovative SMEs, where
audits help overcome information barriers. Audits mainly drive investments in
support processes (lighting, insulation, HVAC) rather than core production
processes. Audit participation is highest in manufacturing sectors and varies
widely among Member States, with Croatia leading at 53%. [34] A German
study revealed that simple audits spur adoption of ancillary energy efficiency
measures by between 10 and 20 percentages in small companies in comparison
to decisions without audits. [35]

Adding multiple benefits

Zeom in DEESME 2050

Results from a Bulgarian company audited for the DEESME project
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This decision-making above does not include any of the multiple benefits, and
we further on show the feasibility of the audits is incomparably higher with the
MB calculation included. Much research focused on how this specific aspect of
auditing (finding out what would be the multiple benefits of energy efficiency)
can affect the final cost savings and the decision making itself. Studies conclude
that industrial energy efficiency decisions should move beyond the narrow focus
on energy savings to include a full spectrum of impacts over an EEM’s lifetime.
Companies applying multiple benefits framework gained greater awareness of
operational, organisational, and external effects, often identifying new advantages
such as improved comfort or asset value. [36] Many authors demonstrate that
non-energy benefits such as higher productivity, lower waste, improved quality,
and longer equipment life often exceed the value of energy savings and therefore
make a far stronger business case for investment. They stress that decision
makers respond to shareholder value arguments, so advocates must present
energy efficiency as part of overall business efficiency, using corporate financial
metrics like ROI, NPV, and IRR. Case studies from US industries show that
energy and pollution prevention projects typically vyield high returns and short
payback periods, confirming that environmental and financial performance reinforce
each other. [37] For example, a case study which reviewed 77 industrial case
studies, found that when non-energy benefits, such as improved product yield,
reduced maintenance costs, lower waste, and safer working conditions were
included, the average payback period dropped from 4.2 to 1.9 years. [38]
However, most studies, including DEESME 2050, show that most companies
have no idea on multiple benefits unless explicitly directed towards this way of
thinking. Given the difficulty to make SMEs aware of such option, it is
fundamental to build the capacity of consultants, energy auditors, and ESCOs to
inform SMEs about the multiple benefit analysis and to incorporate it in their
approach to energy audits and energy analysis.

4.2 Discussion about the proportionate implementation

Evidence from the analyses demonstrates the need for a proportionate and
differentiated approach to implementing energy audit and energy management
obligations. Across datasets

and case studies, average =

SME energy consumption | Zeom in DEESME 2050
remains  modest, typically -companies-
between 0.1 and 2.0 TJ per
enterprise per year, with only
a small share (5-10%) of 61% 93%
medium-sized, energy-inten- Not familiar with the MB Have not implemented any
sive firms exceeding 10 TJ. | concept aspect of MB concept
Based on the modelled data - -~
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on the SMEs energy consumption, the main results indicate that in most of the
manufacturing sectors analysed, micro and small size enterprises (below 10 and
below 50 employees respectively) are not subject to the energy audit obligation,
as they do not exceed the 10 TJ threshold. A few exceptions are found for
the manufacturing of chemical and pharmaceutical products, manufacturing of
mineral products, manufacturing of paper, pulp and printing, manufacturing of
wood products as well as in mining & quarrying activities. In contrast, within
the construction and services sector, none of the micro and small size enterprises
reach high levels of energy consumption, with values generally ranging from 0.1
to 20 TJ, and only in a few cases reaching 4-5 TJ. Even among medium-
sized companies (with 50 to 249 employees), only a small share, between 0%
and 2%, show an annual energy consumption above 10 TJ.

A differentiated approach therefore aligns regulatory requirements with company
capacity and energy intensity. For an audit to be financially justified without
public support, annual energy costs would need to exceed certain thresholds,
which also argues towards the fact that it is more appropriate to have
consumption thresholds than base the obligation on the size of a company.

Empirical evidence confirms that energy audits can deliver tangible benefits when
properly supported. Audited firms are from 20-50% more likely to invest in
energy-efficiency measures than non-audited, particularly when accompanied by
financing schemes and advisory networks. Including the multiple benefits of energy
efficiency further strengthens the policy rationale. Our results show that when
non-energy benefits such as improved productivity, reduced maintenance costs,
and enhanced workplace conditions are quantified, the average payback period
of efficiency investments may fall from over four years to less than two. In
conclusion, proportionate implementation of Article 11 obligations has positive
effects on companies.

Some European countries already introduced threshold in the previous legislative
period. Those are, for example, Czechia, with 5,000MWh (18TJ) or ltaly with
1,000 MWh (3.6TJ). The Italian model, with obviously larger group of obliged
parties, is, with other measures, considered one of the most successful in
Europe. [39]

5. Simplified solutions for small companies

Article 11 instructs Member States to establish mechanisms such as energy
audit centres for SMEs and microenterprises, provided they do not compete with
private auditors. These mechanisms can deliver audits and other forms of support
based on transparent, non-discriminatory criteria. Support programmes for SMEs
should include:
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Assistance in identifying and quantifying the multiple benefits of energy
efficiency measures,

Development of energy efficiency roadmaps,

Creation of energy efficiency networks for SMEs, coordinated by independent
facilitators.

However, the suggested audits are complex above necessity, as the research
shows that in case of simple processes, there is no difference between
effectiveness of simplified and complex audits. This was particularly addressed
in the German auditing program for small businesses, where the sample was
relevant to compare. [40] So, we evaluate other options, in order to identify
what these solutions for SMEs could be.

Specialised standards in auditing and EMS

ISO 50005 complements ISO 50001 by providing step-by-step guidance for SMEs
to gradually implement energy management and audit practices. It breaks
implementation into four maturity levels and twelve key elements, enabling SMEs
to start with simple energy reviews and, if needed, progress toward full I1SO
50001 alignment.[41]

44




/

Company: Metal structures and packaging manufacturer (NACE 25.1-25.9)
Size: 235 employees Category: SME Country: Poland
Audit period: October 2024 Partner: KAPE S.A.
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Zeom in DEESME 2050
-Walk - Through Audit (WTA) Case Summary-

Key findings
High potential for energy savings in building renovation and heat-source replacement.
Process-related improvements deemed less cost-effective due to recent modernisation.
Total annual electricity use cca 1,540-1,570 MWh (mainly for production).
Heating relies on coal and oil boilers (12 MW total capacity).

Recommended measures

Replace coal/oil boilers with heat pumps.
Insulate industrial buildings and replace windows and hall doors.
Install 60 kWp photovoltaic system with self-consumption.
Recover waste heat from paint ovens and consider ventilation with recuperation.
Introduce BMS/EMS control, staff training and internal communication on energy and
environment.

Expected multiple benefits
100 % elimination of fossil-fuel heating emissions.
Lower raw-material use and waste (no ash).
Improved indoor comfort and employee satisfaction.
Enhanced corporate image and “green” market positioning.

Implementation plan (2025)
PV installation 3 months (2025 Q1)
Boiler replacement + automation Spring 2025
Wall insulation  Spring 2025
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9. Conclusions and policy recommendations

Most SMEs consume well below the 10 TJ per year threshold. Typical
consumption ranges between 0.1 and 2.0 TJ annually, and only a small minority,
mainly medium-sized firms in energy-intensive subsectors such as chemicals, non-
metallic minerals, paper, and parts of the food and metal industries, exceed it.
SMEs in services and construction almost never approach this level. Energy use
among SMEs is also highly concentrated, as a very small nhumber of companies
account for a large share of total SME energy consumption. In this context, the
10 TJ audit threshold and the 85 TJ energy management system threshold are
proportionate and appropriate, allowing a clear distinction between typical and high-
consuming enterprises.

The calculation presented in this report aligns well with empirical data from audit
projects and national statistics. It captures realistic distributions by sector and
company size, confirming the robustness of the approach. Small deviations are
mainly due to data gap, but it is aligned with our expectations. This supports
a proportionate implementation of Article 11, maintaining the consumption-based
thresholds while targeting support and requirements according to company energy
intensity.

From an implementation point of view, the requirements of Article 11 are feasible
for most companies when appropriate support mechanisms are in place. Audits
and energy management systems are proven tools that deliver tangible results.
They help enterprises identify efficiency measures, reduce energy consumption,
and improve operational performance. Companies that have undertaken audits are
more likely to invest in energy efficiency than those that have not. When
multiple benefits such as productivity gains, improved quality, lower maintenance,
and safer workplaces are considered, energy efficiency measures become even
more attractive, strengthening both competitiveness and resilience.

To make implementation both feasible and impactful, policy should now focus
on simplification, proportionality, benchmarking, and targeted support, with the key
recommendations as below:

a. SMEs above 10 TJ (and especially above 85 TJ)

* lIdentification remains a key challenge. Companies exceeding 10 TJ or 85 TJ
are few and scattered across different subsectors and are often not easily
recognisable in statistical or registry data. National authorities and intermediaries
should therefore use sectoral profiling, business registries, and past audit
databases to locate potential high-consuming firms and reach out directly. Clear
communication of the benefits of audits and management systems such as
competitiveness gains and operational resilience is essential to motivate voluntary
engagement.
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* Maintain the consumption-based thresholds of 10 TJ for audits and 85 TJ for
energy management systems, ensuring enforcement aligns with company capacity
and energy intensity.

* Integrate benchmarking as a standard practice within audits and management
systems, allowing companies to compare their performance with peers and identify
priority areas for improvement.

 Encourage the quantification of multiple benefits: productivity, maintenance
savings, product quality, and safety through simple calculation tools, ensuring
management understands the strategic value of energy efficiency. Consultants,
energy auditors, and ESCOs should develop the capacity to inform SMEs about the
multiple benefit analysis and to incorporate it in their approach to energy audits.

* Support pooled or co-funded certification schemes for energy management
systems to reduce compliance costs for medium-sized enterprises.

* Ensure access to tailored financing mechanisms, combining public and private
instruments that simplify application procedures and prioritise implementation of
measures with high efficiency and competitiveness impacts.

b. Most SMEs, those below 10 TJ

For SMEs below the 10 TJ threshold, a simplified and supportive framework is
most appropriate. Policy efforts should focus on awareness raising, voluntary
audits, and light touch monitoring rather than regulatory obligations.

Walk through audits and basic energy management standards can serve as
practical entry points, reducing the financial barrier for the energy analysis and
helping companies to identify initial savings opportunities and develop short to
medium term action plans.

Readymade, standardised solution packages that combine technical measures,
expected savings, multiple benefits, and indicative business cases would enable
SMEs to take immediate action with minimal administrative effort.

Simplified cost benefit and risk analysis tools embedded in audit templates can
help enterprises understand potential impacts and prioritise the most profitable
and robust measures. To facilitate swift follow up, audit reports should also
include clear references to available national and EU funding schemes and
directions on where to find operators capable to support SMEs in accessing the
incentives, Intermediary organisations such as chambers of commerce, energy
agencies, and consultants play a crucial role as one stop shops providing
simplified audits, multiple benefits analysis, and connections to funding
opportunities.

Digital tools for self-assessment, automated data collection, and dashboards
visualising energy, cost savings, and wider multiple benefits over time should be

47



~

\

DEESME 2050

promoted to make energy management more accessible and engaging for smaller
firms. For SMEs, the most practical approach is to begin with basic monitoring
and a walk-through audit, define a short to medium term actions, identify non
energy benefits, and implement quick, low risk actions while making use of
available financial and advisory support. Intermediaries and public bodies should
ensure these actions are supported by clear, practical guidance and accessible
resources.

Zom in DEESME 2050

DEESME 2050 offers benchmarking, cost benefit tools, multiple-benefits calculator, guidelines for preparing for financiers.

\ Check the final report for details. /
N 4

Besides DEESME 2050 tools, check:

1 from EnTRAINER
q from Audit2Measure
1 and tools from KnowNEBs.

When implemented proportionately, Article 11 can serve not as a regulatory
burden but as a strategic tool to strengthen SME competitiveness. By improving
energy performance, companies reduce operating costs, protect themselves from
energy price volatility, enhance productivity and product quality, and improve their
market reputation. At the system level, focusing on high-consuming SMEs while
simplifying the process for smaller firms unlocks cumulative energy savings,
strengthens industrial resilience, and supports innovation and growth in the energy
services market. In essence, effective energy efficiency policy translates into
better industrial policy for Europe’s SME backbone.
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