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State-of-practice in policy measures

ÅCollection and review of policy 

measures (S, E) from 16 EU MSs

ÅLegislation, strategies and financing 

instruments

ÅEnergy efficiency measures in all 16 

countries

ÅSeismic strengthening in 11/16

ÅCombined measures in 6 countries

(Source: Butenweg et al., 2022; Gkatzogias et al., 2023)
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Energy efficiency

ÅSignificant progress as MS need to comply with EU legislation

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

renovation strategies

ÅIncreased number of national strategies and programmes implemented 

over the years with increasing targets

ÅDifferent financial instruments (e.g. loans with low interest rates, 

reduced taxes, etc.)

ÅOverall, many available measures, fostering performance certificates, 

renovation passports and nearly zero-energy buildings
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Seismic strengthening & combined

Seismic strengthening policy measures

ÅLess homogenous and less common compared to energy efficiency 

measures (even in countries of high seismicity)

ÅReconstruction and inspection programmes along with updates in 

seismic codes often triggered by significant seismic events

Paradigms of measures for combined renovation

ÅBulgaria: 2015 national programme for the energy efficiency of multi-

 family residential buildings

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

Paradigms of measures for combined renovation

ÅPortugal: DecreeïLaw 95/2019 with requirements for energy efficiency, 

seismic and fire safety, acoustics and accessibility

ÅRomania: National programme for increasing the energy performance 

of apartment buildings (Ordinance 18/2009) extended (Order 

589/1154/2015) to include seismic assessment

ÅSlovenia: Building Cards instrument by 2024: energy efficiency, fire, 

and seismic safety and recommendations

ÅEU: seismic safety the 2020 long-term renovation strategies of Croatia, 

Cyprus, Hungary, Italy, Romania, Slovenia and Spain



Regional prioritisation
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A framework for regional prioritisation

Å

Å

Å

(Source: Gkatzogias et al., 2022a,c)
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Seismic and climatic conditions

ESHM20 HDD 2010ï2019

(Eurostat)

ὌὈὈ=
18 Ὕά

Ὥ , Ὢέὶ Ὕά
Ὥ 15έὅ 

Ὥ

0,                              Ὢέὶ Ὕά
Ὥ> 15έὅ 

 

(Source: Danciu et al., 2021) (Source: Gkatzogias et al., 2022a )
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[MATERIAL] / [LLRS] + [CODE LEVEL or DUCTILITY] + [LATERAL FORCE COEFFICIENT] / 

[HEIGHT] / [IRREGULARITY] / [CONSTRUCTION DATE]

A joint exposure model

ESRM20 (Crowley et al., 2021) 

INSPIRE (Birchall et al., 2014); ENTRANZE 

(ENTRANZE and Enerdata, 2008a, b) 

ὔ ȟ

ὔ ȟ

ὔ ȟ
ὔ ȟ Eurostat (2011)

(Source: Gkatzogias et al., 2022a)
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Examples of joint exposure model features
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Percentage of residential 

buildings at NUTS-3 level 

with: 

Å CDN + CDL

Å Uw Ó 1.6 W/(m2K) 

(Source: Gkatzogias et al., 2022c)
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Seismic risk, energy performance andé

Artificial neural network

Å Average annual energy loss due to space 
heating energy consumption (AAEC)

Å Average annual economic loss due to space 
heating energy consumption (AAELen)

Seismic risk

Energy 
performance

Frequency-based risk assessment

Å ESRM20 (Crowley et al., 2021) mapped to 

NUTS 2021

Å Average annual economic loss due to 

seismic repair (AAELeq)

Å Average annual loss of life (AALL)

H

HDD

Uw

Ur

Input Hidden layer Output layer

é

Output

ASED

(Source: top: Crowley, 2014; bottom: Gkatzogias et al., 2022a)
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ésocioeconomic vulnerability

Socioeconomic 
vulnerability

Composite indicators

Å EU Human Development Index (HDI) 

(Bubbico and Dijkstra, 2011)

Å EU2020 index (Becker et al., 2020)

Å EU Social Progress Index (SPI) (Annoni and 

Bolsi, 2020)

Å Socioeconomic vulnerability index (SVI)

ὛὠὍ= 1
1

3
ὉὟ-ὌὈὍ+

ὉὟ2020

100
+
ὉὟ-ὛὖὍ

100
 

(Source: Gkatzogias et al., 2022a)
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Metric Socioeconomic

AAELeq ɉΌɊ AALL (fatalities) AAELen ɉΌɊ AAEC (kWh) 1   ֕  %5-HDI

AAELeq/bldg ɉΌɊ AAELen/bldg ɉΌɊ AAECbldg (kWh) 100   ֕  %52020

AAELReq (10-3) AAELR (10-5) AAELRen (10-3) AAECbldg/HDD 100   ֕  %5-SPI

Base

Single-

sector 

integrated

Seismic Energy 

Multi-

sector 

integrated
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Indicators for regional prioritisation

ὼӶ=
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(Source: Gkatzogias et al., 2022a)
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Priority regions: seismic risk

ὃὃὉὒὩή/ὦὰὨὫ=
ὃὃὉὒὩή
ὔὦὰὨὫ

 
Average annual 

economic loss

(Source: Gkatzogias et al., 2022a)
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Priority regions: seismic risk

Average annual 

economic loss per building ὃὃὉὒὩή/ὦὰὨὫ=
ὃὃὉὒὩή
ὔὦὰὨὫ

 

(Source: Gkatzogias et al., 2022a)
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Priority regions: seismic risk

Average annual 

economic loss ratio ὃὃὉὒὙὩή=
ὃὃὉὒὩή
ὅὶὩὴ

=
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=
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ὅὶὩὴ/ὦὰὨὫ
 

(Source: Gkatzogias et al., 2022a)



20

Priority regions: energy performance

AAEC (GWh) AAECbldg (kWh) AAECbldg,HDD 

(Source: Gkatzogias et al., 2022a,c)
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Priority regions

AAELReq (Ț10
-3) AAELRen (Ț10

-3) SVI IeqïenïSVI,3

(Source: Gkatzogias et al., 2022a,c; 2023)



Impact assessment
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A framework for impact assessment

Å

Å

Å

Å

Å

Å

Å

Å

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



24

Renovation scenarios

Renovation type

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

3.2 Renovate building classes with 

cumulative BCR Ђ 1

Scenario

1 Renovate macrotaxonomy 

classes

2 Renovate percentage of 

building stock (classes selected 

based on BCR per class)

3.1 Renovate building classes with 

BCR І 1 (per class)

3 

renovation 

scenarios

(Source: Gkatzogias et al., 2022b)
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Renovation scenarios

Renovation type

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

3.2 Renovate building classes with 

cumulative BCR Ђ 1

Scenario

1 Renovate macrotaxonomy 

classes

2 Renovate percentage of 

building stock (classes selected 

based on BCR per class)

3.1 Renovate building classes with 

BCR І 1 (per class)

(Source: Gkatzogias et al., 2022b)
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Renovation scenarios

Renovation type

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

3.2 Renovate building classes with 

cumulative BCR Ђ 1

Scenario

1 Renovate macrotaxonomy 

classes

2 Renovate percentage of 

building stock (classes selected 

based on BCR per class)

3.1 Renovate building classes with 

BCR І 1 (per class)

ὔὦὰὨὫ_ὶὩὲ = ὔὦὰὨὫ/ὦὧὰ_ὨὥὸὩ,Ὥ

ὰ1

Ὥ= 1

+                                                             
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ὰ

Ὥ= 1

ὴὧὮϽὔὦὰὨὫ

= ὴὧὮϽὔὦὰὨὫ                                  ὴὧὮ = 0.1, 0.2, 1.0

 

ὄὅὙὭ= 1
ὲ = ὄὅὙὦὧὰ_ὨὥὸὩ,Ὥ, ȣ ὄὅὙὦὧὰ_ὨὥὸὩ,ὰ, ȣ ὄὅὙὦὧὰ_ὨὥὸὩ,ὲ

ὄὅὙὦὧὰ_ὨὥὸὩ,Ὥ ὄὅὙὦὧὰ_ὨὥὸὩ,Ὥ+ 1

 

(Source: Gkatzogias et al., 2022b)
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Renovation scenarios

Renovation type

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

3.2 Renovate building classes with 

cumulative BCR Ђ 1

Scenario

1 Renovate macrotaxonomy 

classes

2 Renovate percentage of 

building stock (classes selected 

based on BCR per class)

3.1 Renovate building classes with 

BCR І 1 (per class)

(Source: Gkatzogias et al., 2022b)

ὔὦὰὨὫ_ὶὩὲ = ὔὦὰὨὫ/ὦὧὰ_ὨὥὸὩ,Ὥ

ὰ

Ὥ= 1

ὄὅὙὦὧὰ_ὨὥὸὩ,ὰ+ 1 < 1.0

 

ὄὅὙὭ= 1
ὲ = ὄὅὙὦὧὰ_ὨὥὸὩ,Ὥ, ȣ ὄὅὙὦὧὰ_ὨὥὸὩ,ὰ, ȣ ὄὅὙὦὧὰ_ὨὥὸὩ,ὲ

ὄὅὙὦὧὰ_ὨὥὸὩ,Ὥ ὄὅὙὦὧὰ_ὨὥὸὩ,Ὥ+ 1
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Renovation scenarios

Renovation type

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

Seismic retrofit

Energy efficiency upgrading

Integrated renovation

3.2 Renovate building classes with 

cumulative BCR Ђ 1

Scenario

1 Renovate macrotaxonomy 

classes

2 Renovate percentage of 

building stock (classes selected 

based on BCR per class)

3.1 Renovate building classes with 

BCR І 1 (per class)

(Source: Gkatzogias et al., 2022b)

ὔὦὰὨὫ_ὶὩὲ = ὔὦὰὨὫ/ὦὧὰ_ὨὥὸὩ,Ὥ

ά

Ὥ= 1

                                                 

= ὔὦὰὨὫ/ὦὧὰ_ὨὥὸὩ,Ὥ

ὰ

Ὥ= 1

+ ὔὦὰὨὫ/ὦὧὰ_ὨὥὸὩ,Ὥ

ά

Ὥ=ὰ+ 1

ὰ ά,

ὄὅὙὦὧὰ_ὨὥὸὩ,ὰ+ 1 < 1.0,

ὄὅὙВ ὦὧὰ_ὨὥὸὩ,Ὥά
Ὥ= 1

1.0
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 / Ț  / ) Ț  / ) Ț  / )

 / )

 / )

 / )

 (years)

Renovation cost (  ƛƴ ϵκƳ)

Replacement cost (   ƛƴ ϵκƳ)

 / )

Impact metrics

ὄὅὙ(Ὡή/Ὡὲ/Ὥὲὸ) =

В ὃὃὉὒὩὼ,(Ὡή/Ὡὲ/Ὥὲὸ),ὶ ὃὃὉὒὶὩὲ,(Ὡή/Ὡὲ/Ὥὲὸ),ὶ
ὲ
ὶ= 1

В ὅὶὩὴ,ὶ
ὲ
ὶ= 1

ὅὶὩὲ 
ὅὶὩὴ (Ὡή/Ὡὲ/Ὥὲὸ)

Ͻὸ 
Benefit-to-cost ratio

(Source: Gkatzogias et al., 2022b)
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Impact metrics

ῳὃὃὉὒ(Ὡή/Ὡὲ/Ὥὲὸ) = ὃὃὉὒὩὼ,(Ὡή/Ὡὲ/Ὥὲὸ),ὶ ὃὃὉὒὶὩὲ,(Ὡή/Ὡὲ/Ὥὲὸ),ὶ
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ὅὶὩὴ
 ὴὧὖ=

В ὖὶ
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Average annual 

economic loss benefit 

(net)

Average annual loss of life and 

energy consumption benefit

Scalability

(Source: Gkatzogias et al., 2022b)
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Seismic physical vulnerability of renovated buildings

CDN Ÿ CDM

CDL, CDM Ÿ CDH

k: 5% increase

Energy performance of renovated buildings

Uw, Ur Ÿ Uw,t, Ur,t 

Concerted Action Energy Performance of Buildings Directive

(https://epbd-ca.eu/database-of-outputs) 

Modelling renovation

(Source: Gkatzogias et al., 2022b)

https://epbd-ca.eu/database-of-outputs
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Scenario 3

Seismic 

(62/1151)

Energy 

(922/1151)

Integrated 

(734/1151)
(Source: Gkatzogias et al., 2022b,c)
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Scenario 3

(Source: Gkatzogias et al., 2023)


