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Abstract: Energy renovations of the building stock are a paramount objective of the European Union
(EU) to combat climate change. A tool for renovation progress monitoring is energy performance
certificate (EPC) labelling. The present study tested the effect of different EPC label classifications
on a national database, which comprises ~25,000 EPC values from apartment buildings, detached
houses, office buildings, and educational, commercial, and service buildings. Analysing the EPC
classes labelling resulting from four different EU methods, we estimated the annual renovation rates,
costs, energy savings, and CO2 emissions reduction that would affect the national building stock
if each of them was adopted, to fulfil the European Climate Target Plan by the year 2033. The ISO
52003-1:2017 two-point and one-point methods determined a very uneven distribution of renovation
rates, from 0.45% to ~9%. Conversely, the Directive 15% recently proposed in COM/2021/802 with
uniform rates determined smaller differences and standard deviation, not pushing renovations above
3.70%, namely a rate that once fine-tuned can stimulate realistic, yet effective renovation campaigns.
The major differences in renovation rates provided by the studied methods show the need for a
harmonized strategy such as the Directive proposal to enable achievement of European targets.

Keywords: Energy Performance Building Directive (EPBD); Energy Performance Certificates (EPC);
carbon emissions; energy efficiency; statistical analysis; European Green Deal

1. Introduction
1.1. Energy Efficiency of National Building Stocks and Energy Labelling

As buildings constitute a large source of energy consumption in Europe and else-
where, the legislators believe that an improvement of the building stock’s energy efficiency
would cut emissions and reduce the market’s vulnerability to energy prices [1]. Moreover,
this would concur in boosting the economy and creating jobs. The Renovation Wave
Strategy [2,3] was presented in October 2020 following the European Union (EU) Climate
Target Plan [4] within the European Green Deal [1,5]. The main objective was establishing
some measures aimed at doubling the annual energy renovation rate, which is currently in
the order of 1.0% [6], by 2030. In July 2021, a European Commission’s package called ‘Fit
for 55’ [6,7] was released, specifically demanding a cut of greenhouse gas emissions by at
least 55% by 2030. The Fit for 55 package discusses financial support for investments in
renovation and introduces the Social Climate Fund.

Aimed at harmonising these distinct strategies, the recent December 2021 revision
of the Energy Performance of Buildings Directive (EPBD) recast proposal upgrades the
existing framework of regulations towards more ambitious goals; coupled with the new
emissions trading system (ETS) for buildings and road transport, it establishes the ground
for achieving a zero-emission and fully decarbonised European building stock by 2050 [8].
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The EPBD recast proposal stresses that buildings account for 40% of the final energy
consumption in the EU and for 36% of its energy-related greenhouse gas emissions. It
is stated that reduction of energy consumption and the use of energy from renewable
sources in buildings constitute important measures needed to reduce the EU greenhouse
gas emissions.

On one side, the new ETS creates economic incentives for decarbonisation, particularly
targeting vulnerable households through public support; on the other, the revised EPBD
is meant to push the industry to innovate, inducing lower renovation costs and pushing
the buildings to consume less energy. The EPBD recast proposal will also act on energy
production, by boosting the integration of renewable energy in buildings; this is necessary
for achieving the 2030 target regarding their share in renewables.

The EPBD recast proposal requires zero-emission buildings not to produce operational
carbon emissions on-site; since heating systems have a lifetime of approximately 20 years, this
implies an end to the public support of fossil-fuel powered boilers by 2027 according to the
European Union’s EPBD regulations [8], so a legal basis according to which requirements for
heat generators and national bans for fossil fuels can be introduced is indeed provided.

Energy production and use of renewables are a fundamental means of improvement
of the building stock. The Energy Performance Certificate (EPC) classes system, however,
constitutes a well-tested and relatively simple way to assess the overall readiness of the
building stock and to boost renovations [9,10]. Such a methodology was adopted in Western
countries in the 1970s, followed by China in the late 1990s [11]. The EPCs are defined as
the measured or calculated energy consumption of a building over a certain amount of
time (often, annually). In the European Union (EU), these are commonly rated from A to G
(smallest to largest, hence best to worst) [12], and provide a very strong tool for assessing
the energy performance of national building stocks [13,14].

The EPBD recast proposal [8] introduces the Minimum Energy Performance Standards,
which require a renovation of the worst-performing buildings of classes G and F. The G
rating is set to the 15% worst-performing buildings of the national building stock related
to each country concerned, while the remaining buildings are proportionally distributed
among the energy performance levels between G and A. The latter, class A, corresponds to
zero-emission buildings. Specifically, public and non-residential buildings will need to be
renovated to at least class F by 2027 at the latest, and to at least class E by 2030. Residential
buildings should instead reach at least class F by 2030, and at least class E by 2033. This
will execute a new vision, a zero-emission building stock by 2050 [8].

1.2. Literature Review and Research Gap

All of the above is a very ambitious program that follows directly from the European
Green Deal. Clearly, this critically depends on building renovations that, given the EPC
system, can be favoured only by setting limitations on the energy labels classes. The EPC
labelling can be defined in different ways; each country has already its own prescription,
and recently the European Union has proposed different methods to unify the energy
classes. The ISO 52003-1:2017 European Standard [15] prescribes the so-called “two-point”
and “one-point” methods, also creating the possibility to adopt any country-preferred
energy scaling. On the other hand, the recent EPBD proposal [8] defines the energy scaling
method described above, with the 15% worst-performing buildings to be placed in class G.

Now, the EPC labelling system has been the subject of controversy for years, as was
well described in [16]. The main problems range from the performance gap, namely the
EPCs’ accuracy in relation to real energy data [17], to consistency of the EPCs; it is indeed
critical to the EPBD that for any building, a replicable and standardised assessment is car-
ried out in the same way. For instance, a recent comparison of computed versus measured
EPC values for the Estonian building stock revealed that time-related behaviours can be
quite different [14]. Furthermore, it was argued in [16] that steady-state modelling is unable
to model dynamic aspects of energy usage, inducing a sort of inertia that restricts embed-
ding the latest research on energy modelling within frameworks of energy assessment.
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Finally, it has been recently suggested that the end-users’ demands and needs when
buying or renting property (e.g., comfort, heating source, energy efficiency, smart tech-
nology) shall influence how EPCs will become key drivers for deep renovation [18]; such
a bottom-up phenomenon needs to be complemented by a top-down approach that is
grounded on national and transnational EPC labelling legislation. Unfortunately, as it was
stressed and quantified in various studies (see [16,19], and references quoted therein), the
differences in calculation methodology among the countries are still remarkable. The differ-
ent primary energy factors that are nationally adopted do critically affect the refurbishment
solutions that are necessary to fulfil the EPBD requirements [20].

A commonly established energy class labelling for buildings might therefore be needed.
The common goal of the European Green Deal should be supported by a strategy that is
as uniform as possible, to harmonise and speed up renovations, continent-wise. For this
to happen, one needs however to select a labelling method that boosts renovations with
realistic rates and costs, ideally providing a sizeable reduction of carbon dioxide emissions
as well. Unfortunately, no study so far has been able to accomplish this task by testing in
the field the latest European Commission candidates for energy labelling. In other words,
how the different energy rating directives would perform when they are applied to an
actual case study of a national database is still unknown.

1.3. Contribution of the Present Study

This paper aims at filling this gap by testing, for the first time in the literature, each
of the above EU methods (from the EPBD and ISO 52003-1:2017) on an EPC database of a
specific country. Such a task is necessary to single out a scaling procedure that would be
able to boost renovations with a reasonable, realistic annual rate.

Since the EU countries mostly favour renovations from G to F by 2027–2030, and
from F to E in 2033, the way the scaling applies to the worst-performing classes is of
paramount interest. As it was recently shown, a country’s own energy labelling regulations
can dramatically affect renovations, contracting [11] and the energy performance of all
building types [14,21]. This also has a sizeable impact on CO2 emissions, as illustrated
in [22], and on management policy as well: setting minimum requirements in the national
implementation of the EPBD recast will in fact determine how many buildings must be
upgraded out of the G and F classes. If these buildings will not be renovated accordingly,
due to the EPBD regulations it will not be possible to sell or rent them.

Although comparing standards across the EU is useful, this is not merely a technical
matter since different systems might lead to different choices. There needs to be some
individual economic optimising behaviour, as renovation rates are not merely a function of
technical ratings but are driven by macroeconomic arguments.

If prices reflect fuel efficiency, and different levels of efficiency are permitted, a given
level of capital investment will not necessarily lead to specific efficiency ratings. For instance,
larger, less efficient buildings might be preferred to smaller, more efficient ones.

Our analysis accordingly includes a tentative cost estimation, based on Estonian
renovation pricing, to reflect how much economic effort would be required by each distinct
method if adopted in Estonia in the immediate future. A corresponding calculation of
energy saving potential, and reduction of CO2 emissions, is added as well. Accounting for
investment load and environmental benefits thus complements the technical investigation
of the different energy labelling regulations, allowing for an unbiased comparison with a
broad brush.

Our discussion is compact and synthetic and is articulated as follows: in Section 2 we
discuss the national EPC database under analysis, as well as the different labelling methods
from the European Standard and Directive proposal. The methodology for costs, energy
saving potential, and carbon dioxide reduction estimates is also highlighted. Section 3
reports our results and Section 4 discusses their implications regarding energy policy, while
in Section 5 we draw our conclusions.
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2. Methods
2.1. EPC Datasets and Energy Labels

The study at hand addresses a database of 24898 EPCs of Estonian buildings that were
released between the late 1990s and February 2022. These represent a wide spectrum of
typologies: apartment buildings, detached houses, office buildings, and the educational as
well as the commercial and services sectors.

The detached houses comprise several sub-typologies of single- and multi-family
buildings, such terraced houses with a dedicated entrance, two or three apartment houses,
and so on. The educational sector comprises kindergartens, primary and secondary schools,
universities, and research facilities.

The commercial buildings cluster corresponds to various types of stores of different
scale (from small bakeries to shopping centres) and to beauty, vehicle, and personal services
buildings. The entire database, featuring a total of 11 building categories, was analysed in
very much detail in [14], including raw data analysis and long-time energy performance
predictions. Table 1 summarises the basic parameters of the dataset.

Table 1. EPC summary for all building categories: number N, % over the total, mean M (kWh/(m2a)).

Category N % tot M

Apartments 3945 15.8% 172.6
D1 2265 9.1% 158.7
D2 10,089 40.5% 143.2
D3 5768 23.2% 155.7

Offices 1081 4.3% 198
Educational 1132 4.5% 204.1
Commercial 618 2.5% 228.4

Detached houses (from now on, “dwellings” Di), accounting for 18122 EPCs, are
further subdivided by the Estonian directive into three groups according to the heated
area A, namely if A < 120 m2, A = 120 m2–220 m2, and A > 220 m2. The three corresponding
subclusters are named D1, D2, and D3 (see Table 1). The raw data for this category were
analysed in [21], which also featured an assessment of time evolution and estimations of
energy readiness among the other results. The energy labelling of D1, D2, and D3 according
to the Estonian legislation is given in Table 2.

Table 2. Estonian energy labels for the three categories of detached houses D1, D2, and D3; EPC
(kWh/(m2a)).

En. Label D1 (EPC) D2 (EPC) D3 (EPC)

A ≤145 ≤120 ≤100
B 146–165 121–140 101–120
C 166–185 141–160 121–140
D 186–235 161–210 141–200
E 236–285 211–260 201–250
F 286–350 261–330 251–320
G 351–420 331–400 321–390
H ≥421 ≥401 ≥391

Estonian Energy Labelling for Class A

Some few words are needed to explain the Estonian EPC class A values for nearly zero
energy buildings (NZEB): like all other EPC classes, they include a wider scope of energy
uses than the one defined by the EPBD. The main difference is caused by the small power
appliances (plug loads) which are not in the EPBD scope but are included in Estonia for
all buildings. Another difference is caused by lighting electricity in residential buildings,
which similarly to non-fixed lighting does not belong to the EPBD scope, yet it is included
in Estonia [23].
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In the case of EPC class A, the EPBD scope can easily be calculated because appliances
and lighting have tabulated values in the Estonian regulation, resulting for instance in a
factor 105/45.9~2.3 difference in the case of apartment buildings (see Table 3). Therefore,
the EPBD scope values in Table 3 provide a realistic picture about the strictness of the
Estonian NZEB requirements. It is well known indeed that appliances and lighting are
responsible for a large amount of energy usage [24]: for instance, regarding office buildings,
plug loads may account for up to 25% of total energy consumption, which in high efficiency
buildings can even rise to more than 50% of the total energy consumption [25].

Table 3. NZEB values (kWh/(m2a)) according to the Estonian regulation EE (left) and to the current
European Directive EPBD (right). The EPBD does not include plug loads (non-residential) or plug
loads and lighting (residential) [23].

Category EE EPBD

Apartments 105 45.9
D1, <120 m2 145 89.4

D2, 120–220 m2 120 73.4
D3, >220 m2 100 59.5

Offices 100 62.1
Commercial 160 154
Educational 100 82.6

For existing buildings’ EPCs, which are based on metered energy use, such recalcula-
tion cannot be performed.

2.2. EU Energy Labelling Methods: ISO 52003-1 and Directive Proposal

According to the well-known ISO 52003-1:2017 European Standard [15], two types of
energy labelling are covered:

1. Default energy rating scheme with two reference points (called “Method 1” here);
2. Default energy rating scheme with a single reference point (called “Method 2” here).

The corresponding procedures are briefly described below, following ISO 52003-
2:2017 [12].

2.2.1. Method 1 (Two-Points)

Once the type of building is defined (e.g., apartment building), two parameters need
to be selected: the energy performance regulation reference, Rr, and the building stock
reference, Rs. These correspond, respectively, to the point between two classes (typically,
B and C) and to the median of the EPC distribution (often the boundary between D and E).
This procedure is more focused on existing buildings, as only two classes are below the
minimum performance requirement [12]. The prescription for defining the class boundaries
according to Rr and Rs is listed in Table 4.

Table 4. Rules for determining the performance classes, Method 1 [12].

Class EPC

A <0.5·Rr
B 0.5·Rr ≤ EP < Rr
C Rr ≤ EP < 0.5·(Rr + Rs)
D 0.5·(Rr + Rs) ≤ EP < Rs
E Rs ≤ EP < 1.25·Rs
F 1.25·Rs ≤ EP < 1.5·Rs
G 1.5·Rs ≤ EP
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2.2.2. Method 2 (One-Point)

This procedure is especially recommended for new buildings. It is based on only one
reference point nref and features a nonlinear scale that should be better adapted to cover all
buildings [12],

Y =

√
2(n−nre f ) (1)

Specifically, this is the geometric series with n being the energy class position on the
scale, and nref the position of the energy class for the reference point on the scale, which is
the boundary between two classes. In other words, the class boundaries are identified by Y,
which multiplies the EPC value associated with the class boundary corresponding to nref.
The ISO_TR 52003-2 standard uses 4 and 5 (nref = 4), i.e., the boundary between D and E,
which using Equation (1) gives us the values in Table 5 for the class boundaries.

Table 5. Class boundaries for nref = 4, Method 2.

Class Boundary Y

AB 0.35
BC 0.5
CD 0.71
DE 1
EF 1.411
FG 2

The advantages that are claimed by the standard are just one reference point and
a nonlinear scale that is better adapted to cover all buildings. Very importantly for our
discussion, it is claimed to ”respect efforts and costs to shift from one class on the scale to
the class above” [12].

2.2.3. Directive 15%

A December 2021 proposal for a new Directive of the European Parliament [8] intro-
duces an alternative labelling method, which turns out to be the simplest of these three
approaches. This will be called “Directive 15%” in the following. Class A is for zero-
emission buildings (ZEB), which will replace the current nearly zero energy buildings
(NZEB), while class G corresponds to the 15% worst-performing buildings. All the re-
maining classes will then be divided with equal bandwidths. Since, however, ZEB values
are currently not yet defined, in this paper we use existing NZEB values for class A. This
assumption is undoubtedly a limitation of the study, because both ZEB and NZEB are based
on the cost optimal energy performance; however, changes in the ZEB primary energy
values cannot be big and will not considerably change the EPC classes distribution that is
calculated with this assumption.

2.3. Renovation Costs and Energy Savings
2.3.1. Renovation Costs Estimation

For this part of the analysis we relied on a document entitled “Long-term strategy for
building renovation“ (“LTRS” henceforth) that was released by the Estonian Ministry of
Economic Affairs and Communications in 2020 for the European Union [26]. The main goal
of the long-term renovation strategy is the deep renovation by 2050 of all buildings that
were constructed before 2000. The minimum required energy performance of a building
after a major renovation was set to class C, thus making the LTRS more stringent than the
EPBD directive requirements of class E by 2033.

The renovation to EPC class C is based on the optimal cost calculation of the net
present value (30-year period in residential buildings and 20-year period in non-residential),
reported in [27]. Section 6.6 of the LTRS reports deep renovation costs (i.e., to class C) for
single family, apartment buildings, public sector, and commercial buildings (Table 6).
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Table 6. Average renovation costs per unit area to class C for all categories [26].

Category Average Cost [€/m2]

Apartments 300
Dwellings 400

Offices 450
Educational 600
Commercial 450

In our analysis, as no costs of renovating to E-class were available in the LTRS doc-
ument, we assumed 50% of the costs reported in Table 6, since class E lies midway in
between classes G and C.

The cost calculation can be summarised as follows: first we computed the fraction of
the total building stock that is subject to renovation according to each labelling method;
then, by counting the number of renovation years that should provide class E, we obtained
the renovation volume percentages to class E. The next step was computing the actual
renovation volume [m2] that is forecast by each distinct labelling method. This was
accomplished by multiplying the renovation volume percentages for each building type
by the total renovation volume for the Estonian building stock constructed before 2000
and still in use in 2050 [26]. Finally, the cost estimates were derived by multiplying the
renovation volumes [m2] derived from the rates by the cost per square metre.

Besides estimating the financial cost of renovating to class F by 2030 and class E by 2033,
we also compared the EPBD costs against those determined by the LTRS implementation,
which requires class C by 2050 with a constant renovation rate. To this aim, for each building
type we computed the percentage difference between the EPBD and LTRS renovation
volumes that are determined by each labelling method.

2.3.2. Energy Savings Estimation

In the LTRS document [26], the energy consumption of the Estonian building stock
is split into electricity and heat. Values of delivered heating and electricity, and primary
energy-specific use (the EPC label that is based on measured consumption data) are given
for two heat sources: efficient district heating (primary energy factor 0.65) and natural gas
(primary energy factor 1.0). The primary energy factor for electricity is 2.0.

Dwellings differ from other building types since stove heating is considered in the
pre-renovation stage (with 0.65 as primary energy factor of wood fuels) and heat pumps
in the post-renovation stage. This increases electricity consumption significantly, with a
corresponding lower total reduction of primary energy consumption than for the other
building types. The full analysis, with derivation of the consumption values in kWh/(m2y)
pre- and post-renovation by means of building performance simulations (BPS), is given in [28].

In our case, we used the EPC primary energy value (the sum of electricity and heat
multiplied by primary energy factors), and the total value for 2033 in the LTRS was replaced
by the corresponding E-class upper value (to be conservative) for each category. The results
according to the different labelling methods were then compared. To account for the
relative difference between electricity and heating, for each distinct building class we kept
the same proportion over the total as in the LTRS value (e.g., if the LTRS had electric = 1/5
of the total, the EPC was divided by 5 to obtain “electric”, then subtracting it from the total
returned “heating”).

Next, the actual renovation volume [m2] that was forecasted by each distinct labelling
method was obtained by multiplying the cumulative ratio of EPC percentages of F, G and
H class by the total renovation volume. This can be written in a very simple form as

Vrenov [m2]= Vtot × (F + G + H class %) (2)



Energies 2022, 15, 7552 8 of 19

Equation (2) therefore allows us to estimate the renovation volume Vrenov correspond-
ing to any minimal class that is required by each method (F, E, C etc.), given the total
renovation volume Vtot.

2.3.3. CO2 Emissions Reduction Estimation

The procedure for this final estimate is formally identical to the one above. However,
the different 2020 specific CO2 emission factors of energy carriers, based on [29], are the
following: 1.15 t/MWh for electricity and 0.15 t/MWh for heating. For the period 2020–
2050 they are based on the study [30]: the average specific emission factors for the period
2020–2030 are 0.83 t/MWh for electricity and 0.12 t/MWh for heating.

3. Results

All the calculations in this study were performed with the software R [31]. A sample
of our results is reported below with two types of bar plots for apartment buildings: one
features the Estonian standard, Method 1 and Method 2 (Figure 1); the second one compares
the energy scaling according to the Estonian Standard, Method 1 and the new proposal,
Directive 15% (Figure 2).
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The above Figure 1 illustrates very clearly that Method 2 dramatically reduces the
scope of classes A, B, and C to be overly biased towards large energy consumption (D class
onwards). This is a distinctive feature of Method 2, indeed, whose nonlinearity reserves a
very small bandwidth for classes A and B. While this could be useful for new buildings,
we are here interested in portraying the effects of the various methods on the full building
stock. We accordingly concentrate on comparing the other three in the second type, shown
in Figure 2, as they seem to be more balanced for our purposes.

An example of upper-class boundaries for the apartment buildings is also given in
Table 7. The corresponding bandwidths for each class up to G and every standard are
visualized in Figure 3.

The resulting percentages of EPCs (equal to the ratio of buildings over the total) that
are allocated in each class according to all methods are given for the apartment buildings
in Table 8, and for any other category addressed in this study in the Appendix A.
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Table 7. Upper class boundaries (kWh/(m2a)) for Estonian apartment buildings.

Cl. EE Met.1 Met.2 Dir. 15%

A 105 62 43 105
B 125 124 63 132
C 150 137 89 158
D 180 151 125 185
E 220 187 176 211
F 280 224 249 238

Energies 2022, 15, 7552 10 of 19 
 

 

 
Figure 3. Energy label classes bandwidths for apartment buildings (kWh/(m2a)). 

The resulting percentages of EPCs (equal to the ratio of buildings over the total) that 
are allocated in each class according to all methods are given for the apartment buildings 
in Table 8, and for any other category addressed in this study in the Appendix A. 

Table 8. EPC certificates (%) per energy class, as allocated by the different methods, for apartment 
buildings. 

Cl. EE Met.1 Met.2 Dir. 15% 
A 6.89 0.05 0.03 6.89 
B 24.61 28.11 0.03 27.93 
C 20.33 9.43 0.46 19.77 
D 12.29 12.45 27.66 10.95 
E 14.20 16.15 33.26 9.58 
F 15.54 13.84 26.08 9.56 
G 4.64 19.97 12.50 15.31 
H 1.50 0.00 0.00 0.00 

3.1. Renovation Rates 
Given the above tables, a rough estimation of the renovation rates that are deter-

mined by each method is easily obtained by adding the percentage of buildings in class F 
to that of those in class G. 

Residential buildings must achieve the EPC class F by 2030 and EPC class E by 2033, 
while public and other non-residential buildings must achieve EPC class F by 2027 and 
class E by 2030. 

If we assume the starting point as 2024 (this is the earliest possible, as the directive 
will be published by the end of 2022 and implemented in 2023), it will be 10 years by 2033 
for apartment buildings and dwellings, and 7 years for non-residential. So, in the case of 
25% of the apartment buildings stock, the annual renovation rate Rrenov shall be 2.5% per 
year, according to Equation (3): 

Rrenov [%] = (F + G class %)/10 (3)

An estimation for all categories is given in Table 9 including a row with the standard 
deviation (SD) for each method. 

0

50

100

150

200

250

300

350

A B C D E F

EE standard Method 1 Method 2 Directive 15%

Figure 3. Energy label classes bandwidths for apartment buildings (kWh/(m2a)).



Energies 2022, 15, 7552 10 of 19

Table 8. EPC certificates (%) per energy class, as allocated by the different methods, for apartment
buildings.

Cl. EE Met.1 Met.2 Dir. 15%

A 6.89 0.05 0.03 6.89
B 24.61 28.11 0.03 27.93
C 20.33 9.43 0.46 19.77
D 12.29 12.45 27.66 10.95
E 14.20 16.15 33.26 9.58
F 15.54 13.84 26.08 9.56
G 4.64 19.97 12.50 15.31
H 1.50 0.00 0.00 0.00

3.1. Renovation Rates

Given the above tables, a rough estimation of the renovation rates that are determined
by each method is easily obtained by adding the percentage of buildings in class F to that
of those in class G.

Residential buildings must achieve the EPC class F by 2030 and EPC class E by 2033,
while public and other non-residential buildings must achieve EPC class F by 2027 and
class E by 2030.

If we assume the starting point as 2024 (this is the earliest possible, as the directive
will be published by the end of 2022 and implemented in 2023), it will be 10 years by 2033
for apartment buildings and dwellings, and 7 years for non-residential. So, in the case of
25% of the apartment buildings stock, the annual renovation rate Rrenov shall be 2.5% per
year, according to Equation (3):

Rrenov [%] = (F + G class %)/10 (3)

An estimation for all categories is given in Table 9 including a row with the standard
deviation (SD) for each method.

Table 9. Estimated annual renovation rates Rrenov, from classes F and G to class E, for all methods
and building categories. Arithmetic average and standard deviation in the bottom rows.

Cat. EE Met.1 Met.2 Dir. 15%

Ap 2.17% 3.38% 3.86% 2.49%
D1 0.29% 0.45% 0.45% 2.53%
D2 0.21% 2.94% 0.54% 2.50%
D3 0.48% 1.37% 1.46% 3.70%
Off 3.49% 5.87% 6.59% 2.95%
Edu 3.26% 6.40% 9.24% 3.58%
Com 1.55% 1.69% 2.01% 2.57%

Ave 1.64% 3.16% 3.45% 2.90%
SD 1.28% 2.09% 3.10% 0.49%

These values are visually compared in the bar plot in Figure 4. Regarding dwellings,
the cluster D2 was selected as it corresponds to 56% of the total Estonian detached houses
building stock [21].
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3.2. Cost Analysis

In this section we report a cost estimate of the interventions. First, one should compute
the fraction of the total building stock that is subject to renovation according to each
labelling method.

From the annual renovation rates in Table 9, counting the number of renovation years
that should provide class E yields the renovation volume percentages to class E that are
reported in Table 10.

Table 10. Renovation volume (%) to class E, EPBD 2033.

Cat. EE Met.1 Met.2 Dir. 15%

Apart. 21.68 33.81 38.58 24.87
D1 2.91 4.5 4.46 25.3
D2 2.13 29.43 5.36 24.98
D3 4.77 13.73 14.6 36.97

Offices 24.46 41.11 46.15 20.68
Edu. 22.79 44.79 64.67 25.09

Comm. 10.84 11.81 14.08 17.96

Dwell. 3.07 21.32 8.19 28.83

Now, the actual renovation volume (m2) that is forecast by each distinct labelling
method is computed by multiplying the percentages above by the total renovation volume
for the Estonian building stock constructed before 2000 and in use in 2050 [26], which is
given in Table 11 (where the “dwellings” subcluster is defined as a weighted average of %,
i.e., weighted on the number of Di EPCs over the dwellings dataset).

Table 11. Renovation volume for Estonian buildings by 2050.

Category Total Area [m2]

Apartments 18,000,000
Dwellings 14,000,000

Offices 3,310,000
Educational 3,145,000
Commercial 3,221,000
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Finally, the cost estimates (in million euros) are then reported in Figure 5: these are
derived by multiplying the renovation volumes (m2) derived from the rates in Table 10 by
the cost per square metre, as detailed in Section 2.
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The percentage differences of renovation volumes between EPBD 2033 and the LTRS,
the latter assuming a constant renovation rate to class C by 2050, are reported in Table 12
and visualised in Figure 6.

Table 12. Percentage difference in renovation volume, EPBD vs. the LTRS.

Cat. EE Met.1 Met.2 Dir. 15%

Apart. −18.7 26.8 44.7 −6.7
Dwell. −89.0 −23.5 −70.6 3.5
Offices −10.0 51.2 69.7 −23.9
Edu. −10.4 76.1 154.2 −1.4

Comm. −56.4 −52.4 −43.3 −27.7
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Figure 6 therefore compares the EPBD directive with the Estonian LTRS ambition, at-
tempting to answer the question: ”How much would it cost to assume a constant renovation
rate to class C by 2050 (LTRS), instead of adopting the EPBD right away?”.

3.3. Energy Savings and CO2 Emissions Reduction

Energy consumption and CO2 emissions reduction are here computed as described in
Section 2. The net reduction amount in TWh per year, with respect to the 2020 consumption,
is listed in Table 13; the reduction percentages are reported in Table 14.

Table 13. Energy consumption reduction in 2033 vs. 2020, TWh/a.

Cat. EE Met.1 Met.2 Dir. 15%

Dwell. 0.09 0.07 0.145 0.068
Apart. 0.47 0.23 0.511 0.119
Offices 0.11 0.05 0.117 0.067
Comm. 0.05 0.02 0.051 0.012

Edu. 0.10 0.06 0.144 0.028

Table 14. Energy consumption reduction in 2033 vs. 2020 for EPBD and LTRS (%).

Cat. EE Met.1 Met.2 Dir. LTRS

Dwell. 35.8 16.7 29.45 7.9 19
Apart. 35.2 16.7 29.45 11.1 15
Offices 34.9 16.7 29.5 13.7 14
Comm. 28.2 16.7 29.5 7.7 12

Edu. 35.8 16.7 29.5 12.8 12

Table 14 shows a curious effect: the values for Met.1 and Met.2, namely the percentage
ratios (net reduction)/(total consumption), are the same for all building types. Let us recall
that the reduction values account for the renovation volume percentage from G (or H) to E,
combined with the upper value of G-class (for 2020) relative to the upper E-class value (for
2033). Those equal percentages thus unveil the algebraic structures of Met.1 and Met.2 (see
Tables 4 and 5), which are fairly different from the simpler EE and Dir. 15%. The labelling
arrangement is accordingly crucial. Regarding the carbon dioxide emissions, we computed
the total amount of reduction in tons per year, as given in Table 15.

Table 15. CO2 reduction in 2033 vs. 2020, t/a.

Cat. EE Met.1 Met.2 Dir.

Dwell. 42,000 49,000 73,000 89,000
Apart. 242,000 181,000 288,000 125,000
Offices 84,000 63,000 95,000 89,000
Comm. 66,000 45,000 72,000 43,000

Edu. 43,000 37,000 67,000 22,000

Finally, the percentage of CO2 emissions reduction is illustrated in Table 16.

Table 16. CO2 (%) reduction in 2033 according to EPBD and LTRS vs. 2020.

Cat. EE Met.1 Met.2 Dir. LTRS

Dwell. 54.6 41.0 50.1 34.8 26
Apart. 51.1 37.2 46.8 33.0 31
Offices 52.0 38.6 48.0 36.4 36
Comm. 48.5 40.2 49.4 33.8 36

Edu. 50.8 36.1 45.9 33.1 26
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4. Discussion
4.1. Renovation Rates

Some overall considerations about testing the Directive 15% proposal could be drawn
starting from Table 9. A common energy weighted renovation rate is estimated to approach
annually 1.0% in residential buildings and 1.2% in non-residential buildings [6] (this applies
also to Estonia), thus 2.9% to class E in this case would be quite an extensive effort. However,
this is not far from the renovation wave target that aims to double the current 1% energy
weighted renovation rate to 2% (class C in the Estonian context). Furthermore, the European
agenda, as defined in both the Renovation Wave Strategy [2] and Fit for 55 package [7] is
aimed at lighter, stepwise renovation.

In light of the above, Table 9 exhibits strong differences about the capability of the
distinct energy labelling methods to stimulate effective, yet realistic renovations of the
national building stocks. Methods 1 and 2 from ISO 52003-1:2017 would respectively
require an exceedingly large 6.40% and 9.24% rate from educational buildings. Although
the widespread coordination that is characteristic of the public sector can induce more
efficient renovation campaigns [14], improving the building stock in 7 years with a 9%
renovation rate is completely unrealistic. This is more clearly the case for office buildings,
which are mostly private and would require a ~6% rate.

In this sense, the Estonian EPC and Directive 15% are not demanding more than 3.49%
(office buildings) and 3.70% (largest dwellings D3). These are still high requirements, yet
they do not need to be lowered by large amounts, which is totally possible through a slight
remodulation of the two standards. Overall, the Directive proposal imposes very uniform
demands across the categories, with an average of 2.90% and a small standard deviation of
0.49%. This means that it does not distinguish among the categories, allowing for a uniform
renovation plan at least for the private sector. The Estonian standard instead exhibits a
strong bias towards detached houses, with minimal renovation rates between 0.28% and
0.48%. Here the SD is also quite small, only 1.28%.

Looking in fact at the standard deviations for all methods, Table 9 unquestionably
suggests that both Met.1 and the one-point method Met.2 suffer from a very uneven
renovation rate, that can vary from as little as 0.45% to as much as ~9%, depending on the
building category. Specifically, Met.2 has an SD = 3.10%, due to the very uneven bandwidths
illustrated in Figure 3, resulting from a rather sophisticated scaling prescription (see e.g.,
Table 5). In contrast, even if an equal bandwidth will mean that it is easier to renovate from
G to F than from B to A, such a simple scale is easier to understand. In other words, it seems
that the scale proposed by Directive 15% works quite well according to Estonian data;
such a simple common scale evidently provides great additional value for the progress
monitoring when applied in all countries.

4.2. Renovation Costs Analysis

Examining the renovation volumes in Table 10 shows substantial differences among
the labelling methods; the striking feature is the fairly more uniform values for Directive
15% with respect to the large variance that is found in other methods. Specifically, the
one-point Method 2 predicts volumes between ~4.5% and ~65%. When combined with
the different costs per square metre of each building type, this naturally returns a highly
non-uniform cost estimate, as seen in Figure 5. All methods exhibit large variations in the
total costs, with the EE normative being probably the most consistent.

If we were now to ask what would happen if instead of the EPBD strategy, one
adopted the Estonian LTRS ambition of a constant renovation rate to class C by 2050,
Table 12 and Figure 6 provide a clear answer. For instance, using the two-point labelling
Method 1 within EPBD would require for apartments 26.8% more volume (thus costs) than
the LTRS. Directive 15% is instead quite aligned with the LTRS, with ~20% savings for
apartment buildings and commercial buildings when using EPBD instead of the LTRS. The
EE standard saves money consistently, while Method 1 and 2 can be even dramatically more
expensive within EPBD compared to the LTRS. Method 2 requires the largest investment in
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apartment buildings, offices, and especially in the educational sector by far (a staggering
+154.2%). Furthermore, the renovation volumes in Table 10 clearly show that Method 2
would be particularly unforgiving, requiring a deep intervention in the entire building
stock for all categories except for private houses.

Interestingly, the commercial sector is not critically dependent on the chosen method,
while Methods 1 and 2 can demand up to a double investment compared to the Estonian
normative and Directive 15%. The latter is overall affordable, apart from private houses,
where it requires more than three times the investment of Method 2. Overall, Directive 15%
seems anyway to be the most balanced.

In summary, we can conclude that EPBD requirements with EE ambition (LTRS),
namely EPC class C renovation by 2050 for all buildings, would be advantageous until 2030
only in the case of educational buildings. Especially regarding the private sector, the LTRS
strategy would imply unacceptable additional costs if compared to the EPBD requirement
of class E by 2033.

4.3. Energy Savings and CO2 Reduction Estimates

Computing the energy consumption reduction depends on many different parameters,
e.g., renovation volume per class and labelling method, heating and electricity coefficients,
and so on. The percentage of improvement against the 2020 consumption in Table 14
illustrates sharp differences among the methods, also with respect to the LTRS strategy
of class C in 2050. For all labelling methods, it is mostly the combination of renovation
volume and G- vs. E-class upper boundaries that guarantees a substantial improvement.
The surprisingly good performance of the EE standard has actually a clear reason: in
Tables 13–16, the systematically higher values are due to the renovation occurring from
H-class, whereas all the other methods start from G-class. In a sense, also in view of
adoption by all EU member states, Method 1 and Directive 15% seem to provide the best
compromises among costs, annual renovation rates, and environmental gains.

As the differences in cost and renovation volume between the two exhibit a huge
variance depending on the specific category, choosing either method could mostly be a
matter of renovation feasibility and political choices for one building type over another
(e.g., pushing renovations of private houses rather than educational buildings).

5. Conclusions

Several methods for energy performance labelling, which are prescribed by either
national regulations or European directives, have been compared and applied to a large
dataset of EPC certificates of nearly 25,000 Estonian apartment buildings, detached houses,
office buildings, and educational, commercial, and services sectors.

By analysing the EPC classes bandwidths and the resulting allocations, we have
estimated the renovation rates that would be imposed on the Estonian building stock by
each method, to fulfil the European Climate Target Plan by the year 2033.

Generally, the required renovation rates notably depended on the chosen EPC band-
width method, clearly showing a need for a common strategy. The two-points and one-
point methods proposed in ISO 52003-1:2017 and ISO 52003-2:2017 exhibited a very uneven
bandwidth structure, which resulted in large differences in renovation rates that could be
unrealistically high, such as 9%.

Conversely, the national regulation of Estonia and Directive 15% proposal in COM/
2021/802, which should be approved in 2023, benefit from a more even allocation of classes
bandwidth. However, single-family houses were an outlier in the Estonian regulation,
resulting in very low renovation rates. For other building categories there were smaller
differences among the renovation rates of the various building categories, which most
typically ranged between 2.5 and 3% with the Directive and were slightly lower with the
Estonian regulation.

In conclusion, a common EPC scale with defined bandwidths is sorely needed to
execute the European deep renovation targets with the same effort and ambition. The



Energies 2022, 15, 7552 16 of 19

renovation rates that were calculated with the Estonian EPC database reveal that the
Directive 15% proposal with fixed zero emissions works well, resulting in reasonably even
and realistic renovation rates for all building categories.

In a similar fashion, the methods’ performance has strong implications for renovation
costs, as well as energy consumption and carbon dioxide emissions. The Estonian LTRS
that aims at class C by 2050 results in additional costs compared to the EPBD directive.
A preliminary analysis of costs until 2033 showed that the one-point Method 2 was not
meaningful because of overshooting, while the two-points Method 1 was useful, together
with the Directive 15% that was slightly more balanced and managed to keep the costs
more controlled. It is somewhat surprising that the simplest and most robust method,
Directive 15%, seems to be the most straightforward in the execution of renovation targets.

Although the methodology introduced in this paper is simple enough to be easily
applied to common EPC databases, the study at hand is preliminary and essential. Several
improvements for future perspectives can thus be easily identified. Since in fact ZEB values
are currently not yet defined, we had to use existing Estonian NZEB values for class A; this
shall be updated once the legislation has taken care of the matter. Moreover, it would be
interesting to investigate whether our major findings are confirmed in other countries. If
the annual renovation rates are still around 3% for most countries, it might be eventually
advisable to remodulate the 15% level to relax the requirements in a more realistic fashion.

Additionally, the economic analysis here attempted is rather preliminary and needs
refinements in several aspects. Particularly, since renovation rates are driven by the macroe-
conomic arguments for the investment function, namely interest rates (inverse) and income
(positive), these will need to be addressed in the future as well.
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Appendix A

This section reports the tables featuring the EPC certificates percentages per energy
class, as allocated by the different methods: for dwellings D1 in Table A1, D2 in Table A2, D3
in Table A3, office buildings in Table A4, educational buildings in Table A5, and commercial
buildings in Table A6.
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Table A1. EPC certificates % per energy class, dwellings D1 (A < 120 m2).

Cl. EE Met.1 Met.2 Dir. 15%

A 39.56 1.41 0.57 39.56
B 48.26 81.85 0.84 4.15
C 2.91 5.52 10.51 6.14
D 4.99 1.63 71.35 8.87
E 1.37 5.08 12.27 15.98
F 1.32 1.32 2.38 8.57
G 1.19 3.18 2.08 16.73
H 0.40 0.00 0.00 0.00

Table A2. EPC certificates % per energy class, dwellings D2 (A = 120 m2–220 m2).

Cl. EE Met.1 Met.2 Dir. 15%

A 33.50 0.05 0.89 33.50
B 32.87 39.04 0.85 6.14
C 24.60 10.95 3.87 11.57
D 5.46 4.56 55.39 17.24
E 1.44 15.97 33.64 6.58
F 1.14 14.58 3.62 8.76
G 0.67 14.85 1.74 16.22
H 0.32 0.00 0.00 0.00

Table A3. EPC certificates % per energy class, dwellings D3 (A > 220 m2).

Cl. EE Met.1 Met.2 Dir. 15%

A 13.44 1.65 0.42 13.44
B 27.64 34.29 1.23 9.80
C 12.14 8.95 1.77 20.60
D 38.75 7.09 32.52 9.38
E 3.28 34.29 49.46 9.83
F 1.86 6.90 9.45 21.90
G 1.09 6.83 5.15 15.07
H 0.32 0.00 0.00 0.00

Table A4. EPC certificates % per energy class, as allocated by the different methods, office buildings.

Cl. EE Met.1 Met.2 Dir. 15%

A 9.33 0.50 0.13 9.33
B 14.12 20.43 0.38 19.17
C 23.08 7.57 3.03 26.23
D 16.52 15.64 17.40 14.00
E 12.48 14.75 32.91 10.59
F 9.58 11.60 21.56 5.55
G 8.07 29.51 24.59 15.13
H 6.81 0.00 0.00 0.00

Table A5. EPC certificates % per energy class, as allocated by the different methods, educational.

Cl. EE Met.1 Met.2 Dir. 15%

A 6.63 0.35 0.27 6.63
B 5.57 11.48 0.09 10.95
C 18.02 6.54 1.41 19.52
D 25.88 11.40 10.07 23.14
E 21.11 25.44 23.50 14.66
F 13.69 18.02 37.90 9.98
G 6.45 26.77 26.77 15.11
H 2.65 0.00 0.00 0.00



Energies 2022, 15, 7552 18 of 19

Table A6. EPC certificates % per energy class, as allocated by the different methods, commercial.

Cl. EE Met.1 Met.2 Dir. 15%

A 27.99 1.78 0.81 27.99
B 18.61 43.37 0.97 10.19
C 34.95 17.96 10.03 16.99
D 5.99 17.64 33.33 17.31
E 1.62 7.44 40.78 9.55
F 2.10 1.29 5.34 2.91
G 2.59 10.52 8.74 15.05
H 6.15 0.00 0.00 0.00
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