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Energy efficiency

Significant progress as MS need to comply with EU legislation

e.g. Energy Performance of Buildings Directive and long-term
renovation strategies

Increased number of national strategies and programmes implemented
over the years with increasing targets

Different financial instruments (e.g. loans with low interest rates,
reduced taxes, etc.)

Overall, many available measures, fostering performance certificates,
renovation passports and nearly zero-energy buildings
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Seismic strengthening & combined

Seismic strengthening policy measures

Less homogenous and less common compared to energy efficiency
measures (even in countries of high seismicity)

Reconstruction and inspection programmes along with updates Iin
seismic codes often triggered by significant seismic events

Paradigms of measures for combined renovation

Bulgaria: 2015 national programme for the energy efficiency of multi-
family residential buildings

Italy: Ecosisma bonus (Law 2017/205), Superbonus (Law 2020/77)
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Combined

Paradigms of measures for combined renovation

Portugal: Decreei Law 95/2019 with requirements for energy efficiency,
seismic and fire safety, acoustics and accessibility

Romania: National programme for increasing the energy performance
of apartment buildings (Ordinance 18/2009) extended (Order
589/1154/2015) to include seismic assessment

Slovenia: Building Cards instrument by 2024: energy efficiency, fire,
and seismic safety and recommendations

EU: seismic safety the 2020 long-term renovation strategies of Croatia,
Cyprus, Hungary, Italy, Romania, Slovenia and Spain
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A framework for regional prioritisation
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Seismic and climatic conditions
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A Jjoint exposure model
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Examples of joint exposure model features

Percentage of residential
buildings at NUTS-3 level
with:

A CDN + CDL
A U, 0O 1.62KW/ (m

(Source: Gkatzogias et al., 2022c)

[ ]o

[]>0-
[]20-
[ 40-
B 60-
B so-
Bl -

500

1000 km

Sepins 0
Administrative boundaries: © EuroGeographics

[ ]o

[ ]>0-
[ ]20-
[ 40-
I 60-
I s0-
Bl 20-

500

1000 km

'h“a 4
Administrative boundaries: © EuroGeographics

European
Commission



Seil smic ri1 sk, energy pe

“ A ESRM20 (Crowley et al., 2021) mapped to
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Indicators for regional prioritisation
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Priority regions: seismic risk
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Priority regions: seismic risk
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Priority regions: seismic risk
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Priority regions: energy performance
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Priority regions
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A framework for impact assessment

Regional assessment (existing buildings)

Scenario 1

Scenario 3

Scenario 2

A 11

A12..

Renovation

-A3.1

A 21
A 22..

Exposure:

ARenovated
residential
buildings

Seismic
hazard

APopulation

Climatic
conditions

Seismic
physical
vulnerability
(renovated)

- - Seismic risk

(renovated)

Frequency-based risk estimation

Energy
performance
(renovated)

Physics-based artificial neural
network

\Regional assessment (renovated buildings)

> Prioritisation

A

Benefit-cost ratio

Average annual loss of life
reduction

Integrated
impact

Benefit-cost ratio

Average annual energy
consumption reduction

Impact assessmentj

(Source: Gkatzogi
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Renovation scenarios

Scenario Renovation type
1 Renovate macrotaxonomy Seismic retrofit
classes Energy efficiency upgrading
Integrated renovation
2 Renovate percentage of Seismic retrofit
building stock (classes selecteq Energy efficiency upgrading 3
based onBCRper class) Integrated renovation renovation
<R Renovate building classes with|Seismic retrofit scenarios
BCRI 1 (per class) Energy efficiency upgrading

Integrated renovation
<A Renovate building classes with|Seismic retrofit

cumulative BCRB1 Energy efficiency upgrading
Integrated renovation
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Renovation scenarios

Scenario
1 Renovate macrotaxonomy

Renovation type
Seismic retrofit

classes

Energy efficiency upgrading

Integrated renovation

2 Renovate percentage of

Seismic retrofit

building stock (classes selected

Energy efficiency upgrading

based onBCR per class)

Integrated renovation

S Renovate building classes with

Seismic retrofit

BCRI 1 (per class)

Energy efficiency upgrading

Integrated renovation

<A Renovate building classes with

Seismic retrofit

cumulative BCRbh1

Energy efficiency upgrading

Integrated renovation

(Source: Gkatzogias et al., 2022b)

Exposure attribute

Seismic [gh)N

Definition

Code Design level - No

CDL

Code Design level - Low

CDM

Code Design level - Medium

European
Commission




Renovation scenarios
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Scenario Renovati
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SR Renovate building classes with|Seismic 1
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Renovation scenarios

Scenario Renovati
1 Renovate macrotaxonomy Seismic |
classes Energy e 86 Ygmamar 8 00 Yamama:
Integrate
7288 Renovate percentage of Seismic | 00 Yamaman 90 Yamamae1
building stock (classes selected Energy e
based onBCR per class) Integrate
SR Renovate building classes with|Seismic 1
BCRI 1 (per class) Energy e
_ | Integrate: 66 YVagmamon1 < 1.0
WA Renovate building classes with|Seismic 1
cumulative BCRH1 Energy e
Integrate:
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Renovation scenarios

Scenario Renovati
1 Renovate macrotaxonomy Seismic |
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Integrate Oggqia = 0 Gira i@
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<R Renovate building classes with|Seismic 1 /1 |l
BCRI 1 (per class L
(p ) Energy e a4
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<A Renovate building classes with|Seismic 1 00 YVaaamaw1 < 1.0,
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Integrate 00'Yee  @iarsane 10
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Impact metrics
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Impact metrics
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Modelling renovation

Seismic physical vulnerability of renovated buildings
CDN Y CDM
cCbL, CDM Y CDH

k: 5% increase

Energy performance of renovated buildings
UW’ UI’ Y UW,'[’ Ur,t

Concerted Action Energy Performance of Buildings Directive
(https://epbd-ca.eu/database-of-outputs)
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Scenario 3

[ INA
[lo-20
[120-40
[ 40-60
B 60-80
B 80- 90
I 50- 100

CA
‘* b "&’i‘.}

LA,
A anEgh
ol

Seismic
(62/1151)

0 500 1000 km
[ e

[ INA
[lo-20
[120-40
[ 40-60
[ 60- 80
B 80-90
I %0- 100

0 500

s

Administrative boundaries: © EuroGeos

Energy
(922/1151)

1000 km

<

graphics

500

1000 km ’ Rl g

Administrative boundaries: © EuroGeographics

Integrated
(734/1151) Compason

(Source: Gkatzogias et al., 2022b,c)



Scenario 3

30.6 (average number of occupants over 24 hours)
0.12; 0.15;
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