eurac
research

Bottom-up method to derive Cost
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for all European countries
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Objective

To develop a methodology to obtain Cost curves for heat savings in residential buildings
starting from an open database of the building stock for all European countries
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(MAC) curves are a widely
used methodology to
prioritise political intervention
according to costs and related
potentials” [1]
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[1] Hummel M, Blichele R, Miiller A, Aichinger E, Steinbach J, Kranzl L, et al. The costs and potentials for heat savings in buildings: Refurbishment costs and heat saving cost curves for 6 countries in Europe.

Energy Build 2021;231:110454. https://doi.org/10.1016/J.ENBUILD.2020.110454.
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Global greenhouse gas emissions by seclor S
This is shown [or the yvear 2016 — global greenhouse gas emissions were 49.4 billion lonnes CO,eq.

Why is relevant?

% \enure 8%

In Europe, households 2
represent 26% of final energy Agriculture,

Y Pl Forestry &
consumption (2019) [2]. Wastewf i Land Use
c hei:i(cjf) -‘
2.2%
In the world, 10% of the Cement

3%

overall GHG comes from the T 73.2%
use of energy in residential

Source: Climate \Watch, the World Resources Institute (2020). Licensed under CC-BY by the author Hannah Ritchie (2020).

https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Energy consumption in_households
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State of the art

Building simulation
model (Timestep,

Static vs. dynamic)

Number of

categories in
which the BS

is divided

Number of
retrofit
measures

Retrofit costs database

Open database of
building stock

Number of countries
covered

Jakob [4] 2006 Static (annual timestep) 2 12 Costs database for Switzerland X 1 (Switzerland)
Lund et al. [5] 2014 Static (annual timestep) 27 5 Costs database for Denmark X 1 (Denmark)
Promijiraprawat [6] 2014 Static (annual timestep) 1 7 Costs database for Thailand X 1 (Thailand)
Harmsen et al. [7] (HRE) 2018 Static (annual timestep) 10 12 Labour cost Index v’ (Heat Roadmap 14 (EU countries)
Europe)
Filippi Oberegger et al [8] 2020 PHPP (monthly timestep) 16 19 Costs database for South tyrol X 1 (Italy, South Tyrol)
Hummel et al [1] 2021 Quasi-steady-state 15 10 Costs for Germany transformed X (Invert/EE-Lab) 6 (AT, CZ, DK, DE, IT, RO)
monthly energy balance for the other countries through
approach (monthly the construction cost Index
timestep)
Our approach - ISO 52016-1:2017, 21 15 Costs for Italy transformed for the ~ v' (Hotmaps) EU-27 (achieved through

Dynamic ( hourly
timestep)

other countries through the
construction cost Index

clustering analysis)

https://doi.org/10.1016/j.enbuild.2020.109757

https://doi.org/10.1016/J.ENBUILD.2014.02.050
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[9] BPIE

Open database of the building stock - HOTMAPS

®

H°TMAPS

Building stock data for each of EU-27 countries. It divides the building stock in the following categories:

Building age class:
* Before 1945

e 1945-1969
e 1970-1979
e 1980 -1989
e 1990-1999
e 2000-2010
* Post 2010

Building type:

* Single family- Terraced houses
*  Multifamily houses

* Apartment blocks

Residential sector

Residential sector

ol Before 1945 5146

Residential sector

ol 1945 - 1963 612

Total

HHHHE

1970 - 1979 6.2

Residential sector

otal 1980 1985 57.87
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In particular, these indicators are relevant for our analysis:

Covered area: heated [Mm?]
Number of buildings [Mil.]
Number of dwellings/units [Mil.]
U-values Walls

U-values Windows

U-values Roof

U-values Floor

Space heating [kWh/m? year]

This database is going to be largely used:

Recently contributed to BPIE (Building Performance Institute
Europe) [9] https://www.bpie.eu/knowledge-hub/#ongoing-
projects

Building Stock Observatory (ongoing) [10]
https://ec.europa.eu/energy/eu-buildings-database_en



https://www.bpie.eu/knowledge-hub/#ongoing-projects
https://ec.europa.eu/energy/eu-buildings-database_en
https://www.bpie.eu/knowledge-hub/#ongoing-projects
https://ec.europa.eu/energy/eu-buildings-database_en

Methodology — flow chart

Flow chart of the different activities to obtain the energy savings cost curves.
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[11] Hotmaps . [12] Eurostat [13] European construction
cost,
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https://gitlab.com/hotmaps/building-stock/-/tree/master/data
https://ec.europa.eu/eurostat/databrowser/view/nrg_chdd_a/default/table?lang=en
http://constructioncosts.eu/cost-index/

1) Clustering

The Clustering analysis is performed on the
following three parameters:

Space heating

[kWh/m? year]

Heating Degree
Days

The Clustering analysis is performed using the
following methods:

Additional assumption: The four U-values
(Walls, Roof, Windows and Floor) are
grouped using weighted average on
building surface area of each of these.
[14] to calculate the building surface area
and geometries of the considered
buildings

Average
U-values

* K-Means method: It aims to partition n observations into k
clusters in which each observation belongs to the cluster with the
nearest mean (cluster centroid).

* Elbow method for optimal number of clusters

* Silhouette Score for optimal number of clusters

[14] Kragh J, Wittchen KB. Development of two Danish building typologies for resid
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Austria Belgium Bulgaria Croatia Cyprus
[kwh/m=y] [kwh/m=y] [kwh/m=y] [kwh/m=y] [kwh/m=y] SFH | MFH | AB
Before 1945 Before 1945 Before 1945 Before 1945 Before 1945 56.6 45.6 45.6
1945 - 1969 1945 - 1969 1945 - 1969 57.1 42.6 42.6
1570 - 1979 1570 - 1979 1970 - 1979 57.3 39.6 39.6
1980 - 1989 1980 - 1989 1980 - 1989 57.6 40.5 40.5
1990 - 1999 1990 - 1999 1990 - 1959 56.4 398.2 39.2
2000 - 2010 2000 - 2010 2000 - 2010 56.4 37.3 37.3
Post 2010 Post 2010 Post 2010 Post 2010 Post 2010 56.4 34.1 34.1
Czech Republic Denmark Estonia Finland France

[kwh/mzy] [kwh/mzy] [kwWh/mzy] [kWh/mzy] [kwh/mzy]
Before 1945 Before 1945 Before 1945 Before 1945 Before 1945
1945 - 1969 1945 - 1969
1970 - 1879 1970 - 1879
1980 - 1989 1980 - 1989
1990 - 1399 1990 - 1399
2000 - 2010 2000 - 2010
Post 2010 Post 2010 Past 2010 Post 2010 Post 2010
Germany Greece Hungary Ireland Italy
[kwh/m=y] [kwh/m=y] SFH | MFH | AB [kwh/m=y] [kwh/m=y] [kwh/m=y] MFH | AB
Before 1945 Before 1945 105.8 | 72.3 72.3 Before 1845 Before 1945 Before 1845 123.2 | 123.2
1945 - 1969 | 109.2 | 75.1 | 75.1 1945 - 1969 1945 - 1369 1945 - 1969
1970 - 1979 | 111.7 | 754 | 75.4 1970 - 1979 1970 - 1979 1970 - 1979
1980 - 1989 916 | 75.7 | 75.7 1980 - 1989 1980 - 1989
1990 - 1999 102 1990 - 1999 1990 - 1999
2000 - 2010 2000 - 2010 2000 - 2010
Post 2010 Post 2010 Post 2010 Post 2010 Post 2010
Latvia Lithuania Luxembourg Malta Netherlands
[kwh/mzy] [kwh/m=y] [lkwh/m2y] [kwh/m=y] SFH | MFH | AB [kWh/m2y] SFH | MFH | AB
Before 1945 Before 1945 Before 1945 Before 1945 34.6 14.1 14.1 Before 1945
1945 - 1369 1945 - 1369 343 | 153 | 153 1945 - 1969
1970 - 1379 1970 - 1379 29 | 117 | 117 1970 - 1979
1980 - 1989 1980 - 1989 27.7 | 111 | 114 1980 - 1989
1990 - 1999 1990 - 1999 256 | 10.5 | 10.5 1990 - 1999
2000 - 2010 2000 - 2010 184 | 99 | 9.9 2000 - 2010
Post 2010 Post 2010 Post 2010 Post 2010 7.6 | 86 | 86 Post 2010
Poland Portugal Romania Slovakia Slovenia
[kwh/mz=y] [kwWh/m=y] SFH | MFH | AB [kwh/m=y] SFH | MFH | AB [kwh/m=y] [kwh/m=y]
Before 1945 Before 1945 136.2 | 101.4 | 101.4 Before 1945 Before 1945 Before 1945
1945 - 1969 | 116.8 | 78.8 | 78.8 1945 - 1969 1945 - 1969 1969
1970 - 1979 | 1161 | 78.1 | 784 1970 - 1979 1970 - 1979 1979
1980 - 1989 | 107.5 | 72.7 | 72.7 1980 - 1989 1980 - 1989 1989
1990 - 1999 90.4 | 84.8 | 84.8 1990 - 1999 1990 - 1999 1999
2000 - 2010 73.3 | 507 | 50.7 2000 - 2010 2000 - 2010 2010
Post 2010 Post 2010 78.7 | 33.7 | 337 Post 2010 Post 2010 Post 2010
Spain Sweden
[kwh/m=y] SFH | MFH | AB [kwh/m=y]
Before 1945 75.9 59.3 59.3 Before 1945
1945 - 1969 80.3 | 55.8 | 55.8 1945 - 1369
1970 - 1979 76.4 | 51.2 | 51.2 1970 - 1979
1980 - 1989 46.9 | 38.1 | 38.1 1980 - 1989
1990 - 1999
2000 - 2010

Post 2010

Post 2010




2) Building simulations - ISO 52016-1:2017

After clustering, the closest points to centroids are e |4 oL e

chosen for the building simulation and evaluation
of energy savings for each retrofit package.

1
1
e Climatic data file !
* Geometry: treated floor area, air volume, perimeter (for ground floor calculation), !
surfaces and orientations of walls, floor, roof, windows !
Thermophysical properties of envelope surfaces: U-values, g-values 1
1
1
1
1
1
1
1
1
1

HDD | kWh |Averag

e U- * Setpoints for heating, cooling, de-/humidification
value * Heating/cooling power (in our case, “infinite” heating power)
. |1970-| Single family- * Infiltration and ventilation rate
Romania 1979 | Terraced houses 2886 175.0 1.47 « Internal gains
1990-| Appartment 2
Portugal|"_ oo/ D 1199 848 1.72 l
_ . 3 1
Ireland 11999:9 T::'r‘agl:;ah“;::es 2804 83.2 0.69 i :
Swed 1945 -| Multifamily 5175 1341 0.59 | IS0 52016-1:2017 E
1
weden 1969 houses ) ) Lo e e e I _____________ 1
e O ¥ 1 o151 S !
I . . . e . 1
. . 1 * Hourly heating, cooling, de-/humidification load \
REtrOfIt packages. i+ Internal (air, operative, radiant mean) temperature :
1
1) Fagade 6) Roof + Basement 11) Windows + Basement =~ T T T T T T oo oo o oo m s moooooommoo-—------ :
2) Roof 7) Roof + Windows 12) Roof + Fagade + Basement
3) Windows 8) Facade + Windows 13) Roof + Fagade + Windows
4) Basement 9) Fagade + Basement  14) Facade + Windows + Basement

5) Roof + Facade 10) Facade + Windows 15) Roof + Facade + Basement + Windows

[15] ISO - ISO 52016-1:2017 - Energy performance of buildings — Energy needs for heating and cooling, internal temperatures and sensible and latent heat loads — Part 1: Calculation procedures n.d.

https://www.iso.org/standard/65696.html (accessed September 13, 2021).
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3) Ranking

Levelised Cost of Saved Energy (LCSE) indicator allows direct comparison between energy supply (e.g. natural gas price) and
Retrofit packages (energy efficiency measures):

C
LCSE = —=-CRF

S
CRF i-(1+0"
1+ i)n—1
C = Total cost spread in equal annual payments (investment cost is considered as loan with annual-repayment)
S = Annual energy savings

CRF = Capital Recovery Factor

L = Discount rate (4%)

n = Retrofit lifetime (30 years)

In this phase the algorithm (for each country) calculates the LCSE for each retrofit package for each building type and
construction period. It ranks in ascending order the retrofit measures applied on the different buildings based on their LCSE.

eurac research



Results

Levelized Cost of Saved Energy LCSE [€/kWh]

eurac research
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Legend
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Results
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Conclusions

A methodology to obtain heat savings cost curves in residential buildings starting from an open
database of the building stock for all European countries has been presented.

* Elements of novelty: » Dynamic approach in building simulations model applied to
energy savings cost curves
» Building stock data are taken from an open database and
open-source approach (full source code can be found on
GitLab repository [16])
» Heat savings cost curves derived for each EU country

* Cost curves are particularly important for providing the explicit technological detail in the graphical
representation

* These curves allow to evaluate the decarbonization process of the residential sector and its costs. They
are relevant tools if used in energy system modelling to evaluate the decarbonization process not only
through active measures (heat pumps, district heating, etc..) but also passive measures (energy
efficiency options in buildings).

[16] GitLab repository



Thank you
for your attention

M. G. Prina, U. Filippi Oberegger, R. Lollini, W. Sparber

MatteoGiacomo.prina@eurac.edu
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N clusters = 4, Ave. Silhouette Score: 0.375 N clusters = 5, Ave. Silhouette Score: 0.354 N clusters = 6, Ave. Silhouette Score: 0.354 N clusters = 7, Ave. Silhouette Score: 0.349
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HOTMAPS data

Surface shares of area heated for
building type and construction
period

eurac research

Austria Belgium Bulgaria Croatia
[%] SFH | MFH | AB [%] SFH | MFH | AB [%] [2a]
Before 1945 46 | 52 Before 1345 Before 1345 Before 1345 Before 1345
1945 - 1969 4.1 5 1945 - 1963 3 1945 - 1963 1945 - 1963 1945 - 1963
1570 - 1979 1970 - 1973 B.1 1570 - 1373 5.1 1570 - 1575 1570 - 1973
1980 - 1989 3.5 1980 - 1983 8 1980 - 1983 6.9 5.1 1380 - 1983 1980 - 1983
1930 - 1999 9.9 1950 - 1933 5.9 1990 - 1935 5.6 4 1330 - 1995 1930 - 1993
2000 - 2010 4.2 2000 - 2010 5.5 2000 - 2010 2000 - 2010 2000 - 2010
Post 2010 Post 2010 5.2 Post 2010 Post 2010
Czech Republic Denmark Estonia Finland
[%] [%] [2a] SFH
Bafore 1945 Before 1945 Before 1945 Before 1945 Before 1945
1945 - 1969 1945 - 1963 1945 - 1963 1945 - 1963 74 | 7.4 1945 - 1963
1570 - 1979 1970 - 1973 1570 - 1373 1570 - 1579 61 | 7.7 | 7.7 1570 - 1973 5.6 B
1980 - 1983 1980 - 1983 1380 - 1983 87 | 39 | 38 1980 - 1983
1950 - 1993 1990 - 1935 1330 - 1995 5.8 | 35 | 35 1930 - 1993
2000 - 2010 2000 - 2010 2000 - 2010 6.4 2000 - 2010
Post 2010 Post 2010 Post 2010 Post 2010
Hungary Ireland Italy
[2a] SFH | MFH | AB [%] SFH | MFH | AB
Before 1945 Before 1345 Before 1345 7.5 8.7 Before 1345 43 | 7.3 | a3
1945 - 1969 1945 - 1963 1945 - 1963 1945 - 1963 7.2 3.1 1945 - 1963 3.6 | 83
1570 - 1979 | 1570 - 1973 1570 - 1373 1570 - 1579 7 4.8 1570 - 1973 35 | B4
1980 - 1989 1980 - 1983 1980 - 1983 1380 - 1983 6.1 3.6 1980 - 1983 5.3
1930 - 1999 | 1550 - 1993 1330 - 1995 5.4 1930 - 1933
2000 - 2010 | 2000 - 2010 2000 - 2010 2000 - 2010 2000 - 2010
Post 2010 Post 2010 Post 2010 5.6 Post 2010 5.5
Lithuania Luxembourg Malta Netherlands
[%] [%] SFH | MFH | AB [%]
Bafore 1945 Before 1345 Before 1945 Before 1945
1945 - 1969 1945 - 1963 1945 - 1963 1945 - 1963 1945 - 1963
1570 - 1979 1970 - 1973 5 1570 - 1873 5.2 | 33 1570 - 1579 1570 - 1973
1980 - 1989 1980 - 1983 1980 - 1983 6.9 | 44 1380 - 1983 1980 - 1983
1950 - 1993 1990 - 1935 2.6 5 1330 - 1995 1930 - 1933
2000 - 2010 2000 - 2010 8.9 2000 - 2010 2000 - 2010
Post 2010 Post 2010 7.7 Post 2010
Poland Portugal Romania Slovakia Slovenia
[%] AB [%] SFH | MFH | AB [%] SFH | MFH | AB [2a] SFH | MFH | AB [%]
Before 1945 5.7 Before 1345 Before 1345 5.2 Before 1345 8.9 Before 1345
1945 - 1969 6.6 1945 - 1963 1945 - 1963 8.6 1945 - 1963 5.1 1945 - 1963
1570 - 1979 1970 - 1973 1570 - 1873 5.6 6.3 1570 - 1579 5.9 4.5 1570 - 1973
1980 - 1989 1980 - 1983 1980 - 1983 4.8 5.3 1380 - 1983 8.5 5 1980 - 1983
1930 - 1999 1950 - 1933 1990 - 1935 6.8 1330 - 1995 6.1 1930 - 1933
2000 - 2010 | 2000 - 2010 2000 - 2010 6.7 3.8 2000 - 2010 6.6 4.4 2000 - 2010
Post 2010 Post 2010 Post 2010 6.4 3.6 | | Post 2010 Post 2010
Spain Sweden United Kingdom
[%] SFH | MFH | AB [%] SFH | MFH | AB [%]
Before 1945 g 5.5 Before 1345 77 | 62 | 45 Before 1345
1945 - 1969 6.4 6.9 1945 - 1963 523 | 9.5 1945 - 1963
1570 - 1979 5.3 6.8 1970 - 1973 51 | 9.4 1570 - 1373
1980 - 1989 6.9 5.6 1980 - 1983 35 | 9.4 1980 - 1983
1950 - 1999 6.8 5.6 1950 - 1993 9.8 1990 - 1935
2000 - 2010 6.6 3.8 2000 - 2010 2000 - 2010
Post 2010 Post 2010 3.2 Post 2010
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HOTMAPS data

Surface shares of area heated for
building type and construction
period
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Austria Belgium Bulgaria Croatia Cyprus
[kWh/m=y] MFH | AB [kwh/m=y] [kw h/m=y] SFH | MFH | AB [kwh/m=y] AB [kWh/m=y] SFH | MFH | AB
Before 1945 Before 1345 Before 1345 76 | 553 | 55.3 Before 1345 162.7 Before 1345 56.6
1945 - 1969 120.3 | 111.8 1945 - 1963 1945 - 1963 78.8 1945 - 1963 136.8 1945 - 1963 57.1
1570-1973 | 163.2 | 111.3 | 103.7 | | 1970 - 1379 1570 - 1373 74.8 1970-1973 | 163.8 | 50.5 | 30.5 1570 - 1973 57.3
1980 -1983 | 1314 | 53.4 | 85.8 1980 - 1983 1980 - 1983 1380 - 1983 161 | 107.9 | 107.9 1980 - 1983 57.6
1990 - 1993 | 118.6 | B1.6 | 771 1950 - 1933 1990 - 1935 66.2 1330 - 1995 55.5 | 76.3 | 76.3 1930 - 1993 56.4
2000-2010 | 10753 | 7.1 | 70.8 2000 - 2010 915 | 915 2000 - 2010 2000 - 2010 77.1 2000 - 2010 56.4
Post 2010 92.4 | 66.7 | E1.6 Post 2010 0.7 Post 2010 Post 2010 Post 2010 56.4
Czech Republic Denmark Estonia Finland France
[kwh/may] MFH | AB [kwh/m=y] SFH | MFH | AB [kW h/mzy] [kwh/m=y] MFH | AB [kWh/m=y] MFH | AB
Before 1945 123.8 Before 1345 153.2 | 153.2 | | Before 1345 Before 1345 147.3 | 147.9 Before 1345 166
1945 - 1969 121 | 121 1945 - 1963 145.8 | 145.8 1945 - 1963 1945 - 1963 124.3 | 124.9 1945 - 1963 130.5 | 130.5
1570 - 1979 118.1 | 118.1 1570- 1973 | 168.4 | 89.6 | E5.6 1570 - 1373 129.3 | 129.3 1570 - 1579 1570 - 1973 135.3 | 135.3
1980 - 1989 50.2 | 30.2 1980 - 1983 | 143.2 | 755 | 75.5 1980 - 1983 1380 - 1983 1980 - 1983 83
50.2 | 30.2 1950 - 1993 | 109.4 | 67.2 | E7.2 1990 - 1935 1930 - 1993 B1.6
50.1 | 30.1 2000 - 2010 63.6 | 53 59 2000 - 2010 105.3 | 105.3 2000- 2010 | 1065 | 64.5 | €4.5
Post 2010 | 110.5] 77.8 | 778 Post 2010 54.8 Post 2010 774 | 77.1 Post 2010 66.9
Germany Greece Hungary Ireland Italy
[kWh/m=y] AB [kwh/m=y] SFH | MFH | AB [kw h/m=y] MFH | AB [kwh/m=y] SFH | MFH | AB [kWh/m=y] SFH | MFH | AB
Before 1945 Before 1945 | 105.8 | 72.3 Before 1345 84.5 | 845 Before 1345 | 131.1 | 155 | 155 Before 1945 | 147.3 | 123.2 | 123.2
1945 - 1969 141.3 | | 1945- 1965 | 109.2 | 75.1 1945 - 1963 120.2 | 120.2 1945- 1965 | 118.4 | 160.2 | 160.2 1945 - 1963 126.1 | 126.1
1570 - 1979 104.7 | | 1570- 1973 | 1117 | 75.4 1570 - 1373 1370- 1973 | 116.5 | 139.9 | 133.5 1570 - 1973 121.3 | 121.3
1980 - 1983 | 163.6 | 131.9 | 101 1980 - 1983 91.6 | 75.7 1980 - 1983 1380 - 1983 95.8 | 64.4 | 64.4 1980 - 1983 | 165.9 | 118.8 | 118.8
1930 -1993 | 109.5 | B4.5 | 76.9 1950 - 1993 102 | s0.6 1990 - 1935 1330 - 1995 83.2 | 65.9 | 65.9 1930-1993 | 129.4 | 53.7 | 33.7
2000-2010 | 1015 | B1.5 | 59.3 | | 2000 - 2010 2000 - 2010 2000 - 2010 75.6 2000- 2010 | 1187 | 78.7 | 78.7
Post 2010 68.2 Post 2010 Post 2010 Post 2010 67.5 Post 2010 108 | 75.3 | 75.3
Latvia Lithuania Luxembourg Netherlands
[kwh/may] [kwh/m=y] SFH | MFH | AB [kw h/m2y] [kwh/may] [kWh/m=y] SFH | MFH | AB
Before 1945 Before 1345 Before 1345 Before 1345 Before 1945 | 152.2
1945 - 1969 165.3 | | 1945 - 1969 1945 - 1963 1945 - 1963 1945- 1963 | 155.7
1570 - 1979 164.5 | | 1570 - 1373 103.5 | 102.3 1570 - 1873 1570 - 1579 1570- 1973 | 139.4
1980 - 1989 142.4 | | 1580 - 1983 144 | 51 31 1980 - 1983 102.9 1380 - 1983 1980 - 1983 96.8 | 112.6 | 112.6
121 1990 - 1993 | 106.9 | 78 78 1990 - 1935 1930 - 1933
107.4 | | 2000 - 2010 86.3 | 83.5 | 62.5 2000 - 2010 2000 - 2010
Post 2010 | 102 | e 38 Post 2010 65.6 Post 2010
Poland Portugal Romania Slovakia Slovenia
[kWh/m=y] SFH | MFH | AB [kwh/m=y] SFH | MFH | AB [kw h/m=y] MFH | AB [kwh/m=y] SFH | MFH | AB [kWh/m=y] SFH | MFH | AB
Before 1945 171.1 | 1711 Before 1945 | 136.2 | 101.4 | 101.4 | | Before 1345 111.5 | 111.9 | | Before 1945 | 140.9 | 111.6 | 111.6 Before 1345 127.8 | 127.8
1945 - 1969 59.4 | 35.4 1945- 1963 | 116.8 | 78.8 | 7B.8 1945 - 1963 73.8 | 79.8 1945 - 1963 111.7 | 111.7 1945 - 1963 113.6 | 113.6
1570 - 1979 73.3 | 733 1570- 1973 | 1164 | 781 | 7B.1 1570 - 1873 1570-1973 | 168.1 | 99.7 | 93.7 1570-1973 | 170.8 | B3.1 | 83.1
1980 - 1989 70.6 | 70.6 1980 - 1983 | 107.5 | 72.7 | 72.7 1980 - 1983 1980 - 1985 | 153.4 | 87.7 | 87.7 1980-1983 | 162.6 | 62.3 | £3.9
1930 - 1999 67.8 | £7.8 1950 - 1933 30.4 1990 -1995 | 152.3 | 834 | 934 1930 - 1993 | 1304 | 56.7 | 56.7
2000 - 2010 | 1215 | 62.3 | €23 2000 - 2010 73.3 2000 - 2010 2000-2010 | 142.3 | 74.1 | 741 2000 - 2010 39
Post 2010 1215 | 57.6 | 57.6 Post 2010 78.7 Post 2010 Post 2010 133.5 | 70.6 | 70.6 Post 2010 83
Spain Sweden United Kingdom
[kWh/m=y] SFH | MFH | AB [kwh/m=y] SFH | MFH | AB [kw h/m=y] SFH | MFH | AB
Before 1945 755 | 59.3 | 53.3 Before 1345 Before 1345 111.2 | 111.2
1945 - 1969 80.2 | 55.8 | 55.8 1945 - 1963 134.1 | 134.1 1945 - 1963 83.1 | 89.1
1570 - 1979 76.4 1570 - 1973 | 160.8 | 87.1 | E7.1 1970 - 1375 | 128.2
1980 - 1989 1980 - 1983 | 140.3 | 70.6 | 70.6 1980 - 1983 120
1950 - 1999 1950 - 1993 | 166.4 | 77.4 | 77.4 1990 - 1935 | 112.4
2000 - 2010 2000 - 2010 | 156.3 | 67.6 | E7.6 2000 - 2010 57.1
Post 2010 Post 2010 146.2 | 57.8 | 57.8 Post 2010



U-values

Walls

eurac research

Austria Belgium Bulgaria Croatia Cyprus
[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB
Before 1945 1.34 1.5 1.5 Before 1945 1.76 2.2 1.7 Before 1945 1.36 1.41 1.39 Before 1945 1.5 1.5 2.8 Before 1945 il 5l 1.39 1.39
1945 - 1969 1.4 1.4 1.4 1945 - 1969 1.7 1.7 1.7 1945 - 1969 1.57 1.39 1.16 1945 - 1969 1.02 1.8 2.25 1945 - 1969 1.06 1.06 1.06
1570 - 1979 1.3 1.8 1.1 1570 - 1579 1 1 1.7 1970 - 1979 1.2 1.16 0.93 1570 - 1579 0.54 1.21 1.71 1970 - 1979 0.89 0.9 0.9
1880 - 1989 0.95 0.6 0.7 1980 - 1989 1 1 1.7 15980 - 1989 0.83 0.93 0.8 1980 - 1989 0.62 1980 - 1989 0.81 0.82 0.82
1990 - 1999 1990 - 1999 0.6 0.6 0.85 1990 - 1999 0.62 1990 - 1999 1980 - 1999 0.77 0.78 0.78
2000 - 2010 2000 - 2010 2000 010 2000 - 2010 2000 - 2010 0.75 0.76 0.76
Post 2010 Post 2010 Post 2010 Post 2010 Post 2010 0.73 0.74 0.74

Czech Republic Denmark Estonia Finland France
[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB
Before 1945 1.28 1.34 1.4 Before 1945 1.19 0.9 1.68 Before 1945 Before 1945 0.6 0.6 Before 1945 1.62
1845 - 1969 1.4 1.43 1.43 1545 - 1569 1.02 0.7 1.08 1545 - 1965 1545 - 1569 1945 - 1965
1870 - 1979 1.42 1.08 1.08 1870 - 1879 1870 - 1973 1870 - 1879 1970 - 1978
1580 - 1989 0.96 0.87 0.87 1980 - 1989 1580 - 19839 1980 - 1989 1980 - 1989
1850 - 1949 1950 - 1999 1580 - 1993 1950 - 1999 1980 - 1998
2000 - 2010 2000 - 2010 2000 - 2010 2000 - 2010 2000 - 2010
Post 2010 Post 2010 Paost 2010 Post 2010 Post 2010
Germany Greece Hungary Ireland Italy

[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB
Before 1945 1.76 1.97 435 Before 1545 2.17 1.6 Before 1945 0.4 1.1 1.1 Before 1545 2.15 1.9 1.9 Before 1945 1.66 1.18 1.1
1945 - 1969 1.25 1.2 1.2 1545 - 15965 1.89 2.2 1.25 1545 - 19639 1.25 1.37 1.37 1545 - 15965 2.4 1.8 1.78 1945 - 1969 1.32 1.48 A3
1870 - 15979 1 1 1.1 1570 - 1579 1.34 2.2 1.07 1570 - 1975 1.36 1.36 1.36 1570 - 1579 1.78 1.7 1.7 1570 - 1975 1.26 1.15 1.1
1980 - 1989 eES 0.6 0.6 1980 - 1989 0.79 2.04 0.9 1580 - 198% 1.37 1.35 4-55 1980 - 1989 0.6 0.7 0.6 1980 - 1985 0.76 0.8 0.76
1550 - 1999 1990 - 1999 0.74 1.37 0.8 1990 - 1993 1990 - 1999 0.55 1990 - 1999 0.59 0.59 0.59
2000 - 2010 2000 - 2010 0.7 0.7 0.7 2000 - 2010 2000 - 2010 2000 - 2010
Post 2010 Post 2010 Post 2010 Post 2010 Post 2010

Latvia Lithuania Luxembourg Malta Metherlands
[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB
Before 1945 1 1.1 1.1 Before 1945 1 1 1 Before 1945 1.6 1.5 1.6 Before 1945 2 2 2 Before 1945 1.92 1.61 1.61
1845 - 1969 0.85 1 1 1245 - 1969 1545 - 1963 1.1 1.1 1.1 1245 - 1969 1.75 1.75 1.75 1945 - 1968 1.68 1.53 HESE
1870 - 1979 0.92 0.95 0.95 1570 - 1575 1570 - 1979 0.85 0.85 0.85 1570 - 1579 1.62 1.62 1.62 1970 - 1979 1.45 1.45 1.45
1980 - 1389 0.92 0.92 0.92 1980 - 1589 1580 - 1985 0.6 1980 - 1589 1.56 1.56 1.56 1580 - 1985 0.64 0.64 0.64
1850 - 1989 0.91 0.82 0.92 1990 - 1999 1580 - 1993 1990 - 1999 1.53 1.53 1.53 1980 - 1995
2000 - 2010 0.9 0.5 0.9 2000 - 2010 2000 - 2010 2000 - 2010 1.5 1.5 1.5 2000 - 2010
Post 2010 0.86 0.82 0.82 Post 2010 0.78 0.78 0.78 Post 2010 Post 2010 Post 2010

Poland Portugal Romania Slovakia Slovenia
[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB
Before 1945 1.75 1.55 1.7 Before 1945 2 2 2 Before 1945 1.9 1.8 1.5 Before 1945 1.5 1.5 1.5 Before 1945 a5 1.5 2.8
1945 - 1969 1.55 1.42 1.4 1945 - 1969 1.5 1.5 1.5 1945 - 1969 1.7 1.7 1.7 1945 - 1969 1.2 1.2 iz 1945 - 1969 1.02 1.8 2.25
1870 - 1979 1.03 1.3 1.3 1570 - 1579 1.45 1.45 1.45 1870 - 1979 1.5 1.5 1.5 1570 - 1579 1.1 1.1 il 1570 - 1979 0.54 1.21 1.71
1980 - 1989 0.9 1.1 0.74 1980 - 1989 1.4 1.4 1.4 1980 - 198% 1.4 1.4 1.4 1980 - 1989 0.8 1980 - 198%
1950 - 19599 1990 - 1999 1.2 1.2 1.2 1990 - 1999 -3 1.3 1.3 1990 - 1999 0.65 1990 - 1999
2000 - 2010 2000 - 2010 0.8 0.8 0.8 2000 - 2010 0.9 0.8 0.9 2000 - 2010 2000 - 2010
Post 2010 Post 2010 0.54 0.54 0.54 Post 2010 0.67 0.67 0.67 Post 2010 Post 2010

Spain Sweden United Kingdom
[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB
Before 1945 2.75 2.45 Before 1945 0.6 0.58 0.6 Before 1945 2.1 2.1 1.8
1845 - 1969 2.56 2.54 2.27 1245 - 1969 1545 - 1963 1.6 1.5 1.6
1870 - 1979 1.33 1.64 A-55 1570 - 1879 1970 - 1973 0.98 0.98 0.94
1980 - 1389 0.66 0.6 0.6 1980 - 1589 1580 - 1985 0.66 0.66
1850 - 1989 0.57 0.56 1990 - 1999 1580 - 1993
2000 010 0.54 2000 - 2010 2000 - 2010
Post 2010 Post 2010 Post 2010
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U-values

Windows

eurac research

Austria Belgium Bulgaria Croatia Cyprus
[U-values] SFH | MFH | AB [U-values] [U-values] AB [U-values] SFH | MFH | AB [U-values]
Before 1945 2 1.8 2.2 Before 1345 Before 1945 2.32 Before 1345 2.2 2.2 2.8 Before 1945
1945 - 1969 2.65 3 2.3 1545 - 1569 1945 - 1969 2.45 1545 - 1569 2.8 25 | 2.69 1945 - 1969
1970 - 1579 26 1.5 2.6 1570 - 1979 1970 - 1579 247 | 26 1570 - 1979 2.5 2.8 | 2.58 1970 - 1579
1980 - 1989 1.8 2.5 2.5 1930 - 1539 1980 - 1989 232 | 263 | 2.4 1930 - 1539 1.5 14 | 237 1980 - 1989
1990 - 1959 1.25 | 1.4 1.4 1590 - 1599 1990 - 1959 1.96 | 1.86 | 2.2 1590 - 1599 1.1 | 1.25 | 1.95 1990 - 1959
2000 - 2010 1.4 | 1724 | 132 2000 - 2010 2000 - 2010 161 | 1.1 1.8 2000 - 2010 085 | 11 1.1 2000 - 2010
Post 2010 0.92 | 1.08 | 1.24 Post 2010 Post 2010 0.8 1 1 Post 2010 0.6 | 075 | 112 Post 2010
Czech Republic Denmark Estonia Finland France
[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values]
Before 1945 27 2.7 2.7 Before 1545 273 | 26 | 273 Before 1945 1.7 1.7 1.7 Before 1545 2.2 2.2 22 Befors 1945
1545 - 1965 275 | 2.8 2.8 1545 - 1569 275 | 2.55 | 2.76 1545 - 1969 1.4 1.4 1.4 1545 - 1569 2.05 | 2.05 | 2.05 1545 - 1969
1970 - 1579 2.8 2.3 | 245 1570 - 1578 245 [ 2.5 28 1970 - 1579 1.25 | 1.25 | 1.25 1570 - 1578 1.8 1.8 1.5 1970 - 1579
1980 - 1989 21 | 205 | 227 1980 - 1989 215 | 24 27 1980 - 1989 117 | 117 | 117 1980 - 1989 1.7 1.7 1.7 1980 - 1989
1990 - 1999 1.75 | 192 | 21 1990 - 1599 187 | 2.05 | 2.15 1990 - 1998 1.13 | 113 | 1.13 1990 - 1599 1.6 1.6 156 1990 - 1998
2000 - 2010 1.4 1.8 1.4 2000 - 2010 1.6 1.7 1.6 2000 - 2010 111 | 111 | 111 2000 - 2010 1.5 1.5 1.5 2000 - 2010
Post 2010 1.2 1.2 1.2 Post 2010 105 | 1.67 | 1.05 Post 2010 1.1 1.1 1.1 Post 2010 138 | 1.38 | 1.38 Post 2010
Germany Greece Hungary Ireland Italy
[U-values] SFH | MFH AB [U-values] [U-values] SFH | MFH AB [U-values] [U-values]
Before 1945 2.78 2.83 2.9 Before 1945 Before 1945 Before 1945 Before 1945
1945 - 1969 2.8 3 3 1545 - 1569 1945 - 1969 275 | 2.5 2.5 1545 - 1569 1945 - 1969
1570 - 1579 28 | 2.45 | 245 1570 - 1575 1570 - 1579 2.37 | 2.25 | 2.25 1570 - 1575 1570 - 1579
1980 - 1989 3 1.28 | 1.28 1530 - 1539 1980 - 1989 218 | 212 | 212 1530 - 1539 1980 - 1989 2.8
1990 - 1999 1.75 | 1.9 1.9 1930 - 1995 1990 - 1999 2 2 2 1990 - 1995 2.8 2.9 28 1990 - 1999 25 | 295
2000 - 2010 135 | 1.4 1.4 2000 - 2010 2000 - 2010 1.75 | 1.75 | 1.75 2000 - 2010 2.4 2.5 2 2000 - 2010 2.35 | 2.57
Post 2010 1.2 1.2 1.2 Post 2010 Post 2010 1.5 1.5 1.5 Post 2010 1.3 | 151 | 1.3 Post 2010 2.2 2.2 ‘ 2.2 |
Latvia Lithuania Luxembourg Malta Metherlands
[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values]
Before 1945 2.7 27 2.7 Before 1945 2.2 2.2 2.2 Before 1945 Before 1945 Before 1945
1945 - 1969 26 2.6 2.6 1945 - 1569 2 2 2 1945 - 1968 1945 - 1569 1945 - 1968 2.8
1570 - 1579 2,55 | 2.55 | 2.55 1570 - 1579 1.8 1.8 1.5 1570 - 1579 3 3 3 1570 - 1579 2.5 2.5 25 1570 - 1579 235 | 349 | 2.07
1580 - 1985 2.5 2.5 2.5 1530 - 1535 1.7 1.7 1.7 1580 - 1989 2 2 2 1580 - 1539 155 | 195 | 1.85 1580 - 1989 2.07 | 29 | 153
1990 - 1989 215 | 215 | 2.15 1530 - 1598 155 | 1.65 | 1.65 1990 - 1999 1.6 1.6 1.6 1590 - 1599 167 | 167 | 1.67 1990 - 1999 1.93 | 2,35 | 1.85
2000 - 2010 1.8 1.8 1.8 2000 - 2010 1.6 1.6 1.6 2000 - 2010 1.3 1.3 1.3 2000 - 2010 153 | 1.53 | 1.53 2000 - 2010 1.86 | 2.07 | 1.83
Post 2010 1.3 1.3 1.3 Post 2010 237 | 2.37 | 2.37 Post 2010 1.4 1.4 1.4 Post 2010 1.4 1.4 1.4 Post 2010 1.8 1.8 1.8
Poland Portugal Romania Slovakia Slovenia
[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB
Before 1945 Before 1945 Before 1945 2.6 2.6 2.6 Before 1945 Before 1245 2.2 2.2 2.8
1945 - 1969 1545 - 1569 1945 - 1969 2.5 2.5 2.5 1545 - 1569 1945 - 1969 2.8 2.5 | 289
1570 - 1579 3.2 3.2 3.4 1570 - 1578 1570 - 1579 245 | 2.45 | 245 1570 - 1578 1570 - 1579 2.5 2.8 | 258
1980 - 1989 26 2.6 2.6 1530 - 1539 315 | 3.5 | 3.5 1980 - 1989 243 | 243 | 243 1530 - 1839 2.9 2.8 25 1980 - 1989 1.3 1.4 | 237
1990 - 1999 1.6 1.6 1.6 1930 - 1995 297 | 297 | 2.97 1990 - 1999 24 2.4 2.4 1990 - 1995 2.3 2.3 23 1990 - 1999 1.1 | 1.25 | 1.95
2000 - 2010 1.2 1.5 1.5 2000 - 2010 288 | 2.88 | 2.88 2000 - 2010 1.4 1.4 1.4 2000 - 2010 2 2 2 2000 - 2010 0.85 | 1.1 1.1
Post 2010 1.1 1.4 1.4 Post 2010 2.8 2.8 28 Post 2010 1.3 1.3 1.3 Post 2010 1.7 1.7 1.7 Post 2010 06 | 075 | 112
Spain Sweden United Kingdom
[U-values] [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB
Before 1945 Before 1945 2.34 2.22 3.2 Before 1945
1945 - 1969 1945 - 1569 232 | 213 | 2.22 1945 - 1968
1970 - 1579 1570 - 1578 23 | 2.08 | 213 1970 - 1579
1580 - 1985 3.09 1530 - 1535 201 | 2.04 | 2.04 1580 - 1989 31 3.1
1990 - 1989 3.05 1530 - 1598 154 | 1.8 1.3 1990 - 1999 248 | 2.48 | 3.4
2000 - 2010 3.03 2000 - 2010 187 | 197 | 1.97 2000 - 2010 2.16 | 2,16 | 1.85
Post 2010 3.01 Post 2010 1.3 1.3 1.3 Post 2010 1.85 | 1.85 | 1.85
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-values

Roof

eurac research

Austria Belgium Bulgaria Croatia Cyprus

[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB
Before 1945 1.11 1.01 0.8 Before 1545 1.42 Before 1945 1.38 1.26 1.29 Before 1545 1.74 0.77 1.8 Before 1945
1945 - 1959 0.62 1.13 1.13 1945 - 1969 1.5 1945 - 1959 1.24 1.29 0.94 1945 - 1969 0.69 1.17 1.17 1945 - 1959 2.05 2.05 2.01
1970 - 1979 0.8 0.58 0.9 1570 - 1578 0.85 0.85 0.85 1970 - 1979 1.25 0.54 0.59 1570 - 1878 0.97 0.86 1970 - 1979 1.37 1.37 1.3
1980 - 1989 1580 - 1938 0.72 1980 - 19589 1.26 1580 - 1938 1980 - 19589 1.03 1.03 0.95
1990 - 1939 1990 - 1999 0.6 1990 - 1939 0.77 1990 - 1999 1990 - 1939 0.86 0.36 0.77
2000 - 2010 2000 - 2010 2000 - 2010 2000 - 2010 2000 - 2010 0.77 0.77 0.68
Post 2010 Post 2010 Post 2010 Post 2010 Post 2010 0.68 0.68 0.6

Czech Republic Denmark Estonia Finland France
[U-values] SFH | MFH AB [U-values] SFH | MFH | AB [U-values] [U-values] [U-values] SFH | MFH AB
Before 1945 0.97 0.91 1.2 Before 1945 0.83 0.6 0.83 Before 1945 Before 1945 Before 1945 1.36 1.35
1945 - 1959 0.94 0.94 1545 - 1865 1945 - 1959 1545 - 1868 1945 - 1959 iz 2.42

2000 - 2010

Post 2010

2000 - 2010
Post 2010

2000 - 2010
Post 2010

1970 - 1979 0.85 1570 - 1878 1970 - 1979 1570 - 1878 1970 - 1973 1.31
1980 - 19589 1580 - 1988 1980 - 19589 1580 - 1988 1980 - 19589
1980 - 1933 1590 - 1999 1980 - 1933 1590 - 1999 1980 - 1933
2000 - 2010 2000 - 2010 2000 - 2010 2000 - 2010 2000 - 2010
Post 2010 Post 2010 Post 2010 Post 2010 Post 2010
Germany Greece Hungary Ireland Italy

[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB
Before 1945 1.55 1.49 0.98 Before 1545 2.5 Before 1945 1.25 Before 15945 HESE i 1 Before 1945 1.74 1.43 1.47
1945 - 1959 0.84 0.8 1545 - 1965 1.8 1945 - 1959 0.94 0.34 0.84 1545 - 1965 0.68 0.8 0.68 1945 - 1959 2.2 1.1 1.1
1970 - 1979 1570 - 1878 2.01 1.45 1970 - 1973 0.65 0.58 0.58 1570 - 1878 0.68 0.8 0.8 1970 - 1973 2.03 0.52 0.92
1980 - 1989 1580 - 1888 1.42 1.1 1980 - 19589 1580 - 1888 1980 - 19589 1.55 0.75 0.75
1990 - 1939 1990 - 1999 0.8 1990 - 1939 1990 - 1999 1990 - 1939 0.57 0.57 0.57
2000 - 2010 2000 - 2010 2000 - 2010 2000 - 2010 2000 - 2010
Past 2010 Post 2010 Post 2010 Post 2010 Post 2010

Latvia Lithuania Luxembourg Metherlands
[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB
Before 1945 1.2 1.2 1.2 Before 1545 1 1 1 Before 1945 1.43 1.43 1.43 Before 1545 1.9 1.9 Before 1945 1.81 1.54 1.54
1945 - 1959 1.2 1.15 1.15 1545 - 1868 0.8 0.8 0.8 1945 - 1958 0.93 0.93 0.93 1545 - 1868 1.85 1.85 1945 - 1958 1.35 1.22 1.22
1970 - 1979 1.1 1.1 1.1 1570 - 1978 0.6 0.6 0.6 1970 - 1979 0.57 0.57 0.57 1570 - 1878 1.52 1.82 1970 - 1973 0.89 0.3% 0.89
1980 - 1983 0.9 0.9 0.9 1580 - 1888 1980 - 1983 1580 - 1588 1.51 1.81 1980 - 1983 0.64 0.64 0.64
1980 - 19339 0.7 0.7 0.7 1590 - 1999 1980 - 1933 1590 - 1999 1.51 1.81 1980 - 1933
2000 - 2010 2000 - 2010 2000 - 2010 2000 - 2010 1.8 1.8 2000 - 2010
Post 2010 Post 2010 Post 2010 st 2010 Post 2010

Poland Portugal Romania Slovakia Slovenia
[U-values] SFH | MFH | AB [U-values] [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB
Before 1945 0.8 0.9 0.8 Before 1945 Before 1945 1.4 1.4 1.4 Before 1945 2 2 2 Before 1945 1.74 0.77 1.8
1945 - 1959 0.7 1945 - 1969 1945 - 1959 1.3 1.3 1.3 1945 - 1969 1.5 1.5 a1-5 1945 - 1959 0.69 1.17 1.17
1970 - 1979 0.6 1570 - 1579 2.7 2.7 2.7 1970 - 1979 1.25 1.25 1.25 1570 - 1879 1.1 1.1 1.1 1970 - 1979 0.57 0.86
1980 - 1989 1580 - 1989 2.6 2.6 2.6 1980 - 19589 1.23 1.23 1.23 1580 - 1989 0.7 0.7 1980 - 19589
1990 - 1939 1990 - 1999 2.4 2.4 2.4 1990 - 1939 d-Z 1.2 1.2 1990 - 1999 0.6 0.6 1990 - 1939
2000 - 2010 2000 - 2010 1.3 1.3 1.3 2000 - 2010 1 1 1 2000 - 2010 2000 - 2010
Past 2010 Past 2010 055 | 0.55 | 0.55 Post 2010 _ Past 2010 Post 2010

Spain Sweden United Kingdom
[U-values] SFH | MFH | AB [U-values] [U-values] SFH | MFH | AB
Before 1945 2.63 2.87 Before 1545 Before 1945 2.3 2.3 2.4
1945 - 1959 2.92 1.67 1.37 1545 - 1868 1945 - 1958 1.9 1.9 2.3
1970 - 1979 2.92 1.61 1.2 1870 - 1978 1970 - 1979 1.5 1.5
1980 - 1983 1.27 1580 - 1888 1980 - 1983
1980 - 19339 0.86 1590 - 1999 1980 - 1933
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U-values

Floor

eurac research

Austria Belgium Bulgaria Croatia Cyprus
[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB
Before 1945 1.3 1.13 0.71 Before 1545 0.76 0.68 0.68 Before 1945 0.56 0.64 1.29 Before 1545 1.17 1.45 0.77 Before 1945 1.97 1.56 1.56
1945 - 1959 1.08 1945 - 1969 0.68 0.68 1945 - 1959 1.24 0.96 1.54 1945 - 1969 1.22 1.03 0.73 1945 - 1959 1.44 1.13 1.13
1970 - 1979 0.65 1570 - 1578 0.85 0.85 0.68 1970 - 1979 1.25 1.11 2 1570 - 1878 0.7 0.75 0.7 1970 - 1979 1.17 0.52 0.92
1980 - 1989 1580 - 1938 0.72 1980 - 19589 1.26 1.29 1.07 1580 - 1938 0.65 1980 - 19589 1.04 0.81 0.81
1990 - 1939 1990 - 1999 0.6 1990 - 1939 1.09 1990 - 1999 1990 - 1939 0.97 0.76 0.76
2000 - 2010 2000 - 2010 2000 - 2010 2000 - 2010 2000 - 2010 0.54 0.73 0.73
Post 2010 Post 2010 Post 2010 Post 2010 Post 2010 0.91 0.71 0.71

Czech Republic Denmark Estonia Finland France
[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB
Before 1945 2.15 0.34 0.84 Before 1945 0.97 0.9 0.74 Before 1945 Before 1945 0.6 0.6 Before 1945 1.81 2.1 1.97
1945 - 1959 1.08 1.03 1.03 1545 - 1865 0.67 0.7 1945 - 1959 1545 - 1868 1945 - 1959 1.96 1.55 1.43
1970 - 1979 1.01 1.03 0.7 1570 - 1878 1970 - 1979 1570 - 1878 1970 - 1973 0.72 1.34 1.45
1980 - 19589 0.8 1.1 0.92 1580 - 1988 1980 - 19589 1580 - 1988 1980 - 19589 0.78
1980 - 1933 1590 - 1999 1980 - 1933 1590 - 1999 1980 - 1933
2000 - 2010 2000 - 2010 2000 - 2010 2000 - 2010 2000 - 2010
Post 2010 Post 2010 Post 2010 Post 2010 Post 2010
Germany Greece Hungary Ireland Italy

[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB
Before 1945 1.23 0.95 0.82 Before 1545 2.17 2.4 Before 1945 1.04 0.75 0.75 Before 15945 1.71 1.4 Before 1945 1.84 1.17 1.15
1945 - 1959 1.06 1.21 1.19 1545 - 1965 2.56 2.87 1.57 1945 - 1959 0.98 0.7 1545 - 1965 1.29 1.1 1.08 1945 - 1959 1.47 0.54 0.94
1970 - 1979 0.77 0.77 0.77 1570 - 1878 2.56 2.76 1.76 1970 - 1973 0.84 1570 - 1878 1.48 0.95 1.4 1970 - 1973 2 0.96 1.3
1980 - 1989 1580 - 1888 2.55 2.65 1.65 1980 - 19589 0.7 1580 - 1888 1.22 0.8 1.22 1980 - 19589 0.76 0.58 0.76
1990 - 1939 1990 - 1999 1.89 1.72 1.55 1990 - 1939 1990 - 1999 0.76 0.55 0.86 1990 - 1939 0.63 0.63 0.63
2000 - 2010 2000 - 2010 1.23 0.79 0.7 2000 - 2010 2000 010 2000 - 2010
Past 2010 Post 2010 0.8 0.63 0.63 Post 2010 Post 2010 Post 2010

Latvia Lithuania Luxembourg Malta Metherlands
[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB
Before 1945 0.9 0.9 0.9 Before 1545 0.8 0.8 0.8 Before 1945 1.8 1.8 1.8 Before 1545 Before 1945 2.08 1.72 1.14
1945 - 1959 0.75 0.75 0.75 1545 - 1868 1945 - 1958 1.4 1.4 1.4 1545 - 1868 2.5 2.5 2.5 1945 - 1958 2.2 2.02 1.25
1970 - 1979 0.67 0.67 0.67 1570 - 1978 1970 - 1979 0.6 0.6 0.6 1570 - 1878 2.25 2.25 2.25 1970 - 1973 2.33 2.33 1.37
1980 - 1983 0.6 0.6 0.6 1580 - 1888 1980 - 1983 0.55 0.55 1580 - 1588 2.12 2.12 2.12 1980 - 1983 0.96 1.28 0.54
1980 - 19339 1590 - 1999 1980 - 1933 1590 - 1999 2.06 2.06 2.06 1980 - 1933
2000 - 2010 2000 - 2010 2000 - 2010 2000 - 2010 2 2 2 2000 - 2010
Post 2010 Post 2010 Post 2010 st 2010 Post 2010

Poland Portugal Romania Slovakia Slovenia
[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values] SFH | MFH | AB
Before 1945 2.2 1.17 1.9 Before 1945 2.1 2.1 2.1 Before 1945 1.6 1.6 1.6 Before 1945 2 2 2 Before 1945 1.17 1.46 0.77
1945 - 1959 1.8 1.03 1.4 1945 - 1969 2.05 2.05 2.05 1945 - 1959 1.4 1.4 1.4 1945 - 1969 1.7 1.7 1.7 1945 - 1959 1.22 1.03 0.73
1970 - 1979 1.6 0.94 0.94 1570 - 1579 2.02 2.02 2.02 1970 - 1979 1.3 1.3 1.3 1570 - 1879 1.6 1.6 1.6 1970 - 1979 0.7 0.75 0.7
1980 - 1989 1.4 0.83 0.83 1580 - 1989 2.01 2.01 2.01 1980 - 19589 il 1.1 1.1 1580 - 1989 HESE 1.55 1.55 1980 - 19589
1990 - 1939 0.89 0.65 0.65 1990 - 1999 2 2 2 1990 - 1939 1 1 1 1990 - 1999 1.5 1.5 a-5 1990 - 1939
2000 - 2010 0.6 2000 - 2010 1.3 1.3 1.3 2000 - 2010 0.61 0.61 0.61 2000 - 2010 1 i 1 2000 - 2010
Past 2010 Post 2010 0.62 0.62 0.62 Post 2010 Post 2010 Post 2010

Spain Sweden United Kingdom
[U-values] SFH | MFH | AB [U-values] SFH | MFH | AB [U-values]
Before 1945 1.43 1.19 1.07 Before 1545 Before 1945
1945 - 1959 1.34 1.26 0.91 1545 - 1868 1945 - 1958
1970 - 1979 0.85 0.71 1.13 1870 - 1978 1970 - 1979
1980 - 1983 1.08 1.39 1.31 1580 - 1888 1980 - 1983
1980 - 19339 0.98 0.98 1.01 1590 - 1999 1980 - 1933
2000 - 2010 0.93 0.77 0.86 2000 - 2010 2000 - 2010
Post 2010 0.88 0.56 0.71 Post 2010 Post 2010
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Clustering - Silhouette Score

The silhouette value is a measure of how similar
an object is to its own cluster (cohesion)
compared to other clusters (separation).

* |fthe scoreis 1, the cluster is dense and well-
separated than other clusters.

* Avalue near O represents overlapping clusters
with samples very close to the decision
boundary of the neighboring clusters.

* A negative score [-1, 0] indicates that the
samples might have got assigned to the wrong

clusters

If most objects have a high value, then the
clustering configuration is appropriate. If many
points have a low or negative value, then the
clustering configuration may have too many or too

few clusters.

https://en.wikipedia.org/wiki/Silhouette (clusteri
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https://en.wikipedia.org/wiki/Silhouette_(clustering)

