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1. Introduzione al problema

RECUPERO SOLO ENERGETICO
di edifici vulnerabili

RECUPERO SOLO STRUTTURALE
trascurando compatibilità architettonica

a)  b) 

Figure 2. Traditional approach aimed at solving episodic, contingent building deficiencies: a) Example of the little 

forethought of a traditional intervention, classified as “sustainable”, limited to the energetic and architectural 

redevelopment, without accounting for the structural safety. The image portrays the building ruins after Emilia 

earthquake (2012); b) example of the adverse impact of an intervention conceived for the sole structural retrofit on the 

appearance of the existing building. 
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1. Introduzione al problema
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2. Life Cycle Thinking (LCT)
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2. Life Cycle Thinking (LCT)

Design for removing  
barriers to renovation

Design for reparability

?

Design for durability and 
easy maintenance

Design for flexibility

Design for deconstruction 

LIFE 

CYCLE 

THINKING

Design for material 
eco-efficiency

Design for reuse/recycle

€

Design for eco-efficiency 
and indoor quality

Design for easy 
assemblage

Design for structural safety 
against hazards

…

Design for incremental 
deep renovation plans

…

Design for preservation

Life Cycle Structural Engineering 

è la disciplina che declina i 

principi del Life Cycle Thinking in 

ambito strutturale.

Nell’ambito del recupero degli 

edifici esistenti, adottando tale 

approccio è possibile concepire 

interventi di retrofit che 

consentano di massimizzare 

molteplici prestazioni 

minimizzando al tempo stesso 

gli impatti lungo l’intero ciclo di 

vita dell’edificio.

✓ SOLUZIONI A SECCO

✓ CONNESSIONI 

PREFABBRICATE

✓ PREFABBRICAZIONE DEI 

COMPONENTI

✓ MATERIE RICICLATE/ 

ECOSOSTENIBILI

✓ ELEMENTI RIUTILIZZABILI

✓ …
Passoni, C., Palumbo, E., Pinho, R., Marini, A. (2022). “The LCT Challenge: Defining New Design Objectives to Increase the Sustainability of 

Building Retrofit Interventions”. Sustainability. 2022, 14(14), 8860. DOI: https://doi.org/10.3390/su14148860

massimizzare prestazioni 

minimizzare impatti 
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3. Strumenti disponibili per una progettazione basata sul LCT

LC Tools - valutazioni sul ciclo vita

LCA       LCC      S-LCA      LCSA
metriche

Environmental Product  

Declaration/Labels

EPD (Type III)       ECOLABEL (Type I)

etichette

Sustainable/green building

rating systems

GBRS – LEED, BREEAM, …

certificazioni

Sustainable/green frameworks

CAM, LEVEL(S), …
framework
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3. Strumenti disponibili per una progettazione basata sul LCT

LCA      (Life Cycle Assessment)     

LCC      (Life Cycle Costing)

S-LCA  (Social Life Cycle Assessment)     

metriche

Life cycle tools misurano, 

monitorano e comunicano gli 

impatti ambientali, economici, 

sociali di prodotti, consentendo 

di identificare più facilmente ile 

alternative con le migliori 

prestazioni 
[UNEP/SETAC, 2012]

A LIVELLO DI EDIFICIO

1. Mancanza di dati affidabili sugli impatti

2. Necessità di nuove competenze

3. Procedure lunghe

4. Molteplicità di dati in input

(strumenti ex post)
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3. Strumenti disponibili per una progettazione basata sul LCT

metriche

[UNEP/SETAC, 2012]

prEN 17662:2025 (E)

LCA: Esempio illustrativo di diagramma 

di flusso per una lamiera metallica

A LIVELLO DI PRODOTTO

(strumenti ex post)
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S-LCA  (Social Life Cycle Assessment)     

Life cycle tools misurano, 
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alternative con le migliori 

prestazioni 



3. Strumenti disponibili per una progettazione basata sul LCT

A LIVELLO DI PRODOTTO

LCA       LCC      S-LCA      LCSA
metriche

Environmental Product  

Declaration/Labels

EPD (Type III)       ECOLABEL (Type I)

etichette

Le EPD sono documenti ufficiali e verificati 

che descrivono gli impatti ambientali di un 

prodotto lungo il suo ciclo di vita, sulla base 

di uno studio LCA (Life Cycle Assessment).

EPD – ENVIRONMENTAL 

PRODUCT DECLARATIONS
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Environmental Product  

Declaration/Labels

EPD (Type III)       ECOLABEL (Type I)

etichette

3. Strumenti disponibili per una progettazione basata sul LCT

A LIVELLO DI EDIFICIO

A LIVELLO DI 

PRODOTTO
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Sustainable/green 

building rating 

systems

GBRS – LEED, 

BREEAM, …

certificazioni

3. Strumenti disponibili per una progettazione basata sul LCT

LEED (2020)

I Green Building Rating Systems 

sono sistemi di valutazione e 

certificazione di carattere 

volontario che misurano il livello 

di sostenibilità ambientale di un 

edificio lungo tutto il suo ciclo di 

vita. Essi assegnano un 

punteggio o un livello di 

certificazione a un edificio in 

base alle sue prestazioni 

ambientali, energetiche e sociali.

(strumenti ex post)
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Sustainable/green 

frameworks

CAM, LEVEL(S), …

framework

3. Strumenti disponibili per una progettazione basata sul LCT

CAM – CRITERI AMBIENTALI 

MINIMI (EDILIZIA)

Sono criteri ambientali 

obbligatori che le stazioni 

appaltanti pubbliche devono 

inserire nei bandi di gara per 

progettare, costruire, 

ristrutturare e gestire gli edifici, 

al fine di ridurre l’impatto 

ambientale lungo l’intero ciclo di 

vita dell’opera.

(strumenti ex ante e post)

[Allegato PAN GPP al DM 23 giugno 2022 n.256 – (CAM edilizia)]
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Sustainable/green 

building rating 

systems

GBRS – LEED, 

BREEAM, …

certificazioni

3. Strumenti disponibili per una progettazione basata sul LCT

A LIVELLO DI EDIFICIO

Sustainable/green 

frameworks

CAM, LEVEL(S), …

framework
!!!
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trascurando compatibilità architettonica
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3. Strumenti disponibili per una progettazione basata sul LCT

LCA       LCC      S-LCA      LCSA
metriche

Green/Environmental Product  

Declaration/Labels

EPD (Type III)       ECOLABEL (Type I)

etichette

Sustainable/green building

rating systems

GBRS – LEED, BREEAM, …

certificazioni

Sustainable/green frameworks

CAM, LEVEL(S), …
framework metriche

certificazioni / 

framework

LCT?

progetto

Sostenibilità!

Y

N

etichette
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3. Strumenti disponibili per una progettazione basata sul LCT

LCA       LCC      S-LCA      LCSA
metriche

Green/Environmental Product  

Declaration/Labels

EPD (Type III)       ECOLABEL (Type I)

etichette

Sustainable/green building

rating systems

GBRS – LEED, BREEAM, …

certificazioni

Sustainable/green frameworks

CAM, LEVEL(S), …
framework metriche

certificazioni / 

framework

LCT?

progetto

Sostenibilità!

Y

N

etichette

Definizione di 

valori e principi 

di sostenibilità

Definizione di 

obiettivi e scelte 

tecniche

progetto

Sostenibilità!

metriche certificazione

LCT
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LCT

OBIETTIVI E SCELTE TECNICHE BASATE SU UN 
APPROCCIO LCT FINALIZZATE A MASSIMIZZARE 
LE PRESTAZIONI E RIDURRE COSTI E IMPATTI 
LUNGO IL CICLO VITA

LIFE CYCLE TOOLS: LCA, LCC, S-LCA, LCSA

Passoni, C., Palumbo, E., Pinho, R., Marini, A. (2022). “The LCT Challenge: Defining New Design Objectives to Increase the Sustainability of 

Building Retrofit Interventions”. Sustainability. 2022, 14(14), 8860. DOI: https://doi.org/10.3390/su14148860

Life Cycle Thinking vs Life Cycle Tools

STRUMENTI DI VALUTAZIONEALTERNATIVE 
ISO-PERFORMANCE

ALTERNATIVE 
ISO-PERFORMANCE
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SUSTAINABLE BUILDING RENOVATION (SBR) FRAMEWORK: framework basato sul Life Cycle Thinking per il progetto di interventi integrati

4. Framework di progettazione basato su LCT

Passoni, C., Caruso, M., Marini, A., Pinho, R., Landolfo, R. (2022) “The role of Life Cycle Structural Engineering in the transition towards a sustainable 

building renovation: available tools and research needs”. Buildings, 12(8), 1107; https://doi.org/10.3390/buildings12081107
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5. Indici prestazionali integrati ed esempi
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SUSTAINABLE BUILDING RENOVATION (SBR) FRAMEWORK: framework basato sul Life Cycle Thinking per il progetto di interventi integrati
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Adoption of 

Life Cycle 

Tools (LCA 

and LCC 

analyses, also 

including 

Losses) to 

select the 

most 

sustainable 

interventions

Combined 

audit 

(structural + 

energy + 

functional …)

Definition of new performance objectives and structural 

targets for the design of alternative isoperformance

retrofit solutions (PBD)

e.g. low interstorey drift to reduce damage in the 

structural and non-structural elements, low residual 

drifts to reduce repair interventions after the earthquake, 

…

Pre-screening 

of alternative 

retrofit 

solutions to 

design only 

the most 

sustainable 

solutions 

(MCDM 

methods)

LC TOOLS

COMBINED AND SUSTAINABLE RETROFIT 

SOLUTIONS
MCDM 

METHODS 

step 1

VALUTAZIONE

step 3

PROGETTO DELL’INTERVENTO

step 4

SCELTA

step 2

PRE-SCREENING



5. Indici prestazionali integrati ed esempi

Pohoryles et. al 2022

Indicatori multi-performance 
(es. Life Cycle based)

Tipologia di applicazione retrofit (ed implicazioni)

Come valutare l’efficienza delle tecniche combinate? Quali prestazioni? Quali indicatori?
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5. Indici prestazionali integrati ed esempi

Metodi incrementali

Improvement of 

safety level

(PGAC/PGAD)

Structural level

of intervention

≥ 100% Global Level + details

80% ≤ SL < 100% Global + Local details

60% ≤ SL < 80% Local + details

45% ≤ SL < 60% Local + details

30% ≤ SL < 45% Local + details

15% ≤ SL < 30% Local + details

1. Define Representative building classes 

RBC_N_i
2. Define options for energy retrofit

Structural 

Typology

Age of 

construction

Main geometrical 

properties 

(ENERGY)

Improvement of energy 

efficiency 

(PECh)

Level of intervention
Improved thermal 

properties

Analytical functions -

regression

URM, RC, other Option 1,…n Option 1,…n < -60% Envelope + systems % U’ – % HVAC systems F(RBC_N_i, retrofit intensity)

URM, RC, other Option 1,…n Option 1,…n -60% ≤ reduction PECh < -50% Envelope + systems % U’ – % HVAC systems F(RBC_N_i, retrofit intensity)

URM, RC, other Option 1,…n Option 1,…n -50% ≤ reduction PECh < -40% Envelope + systems % U’ – % HVAC systems F(RBC_N_i, retrofit intensity)

URM, RC, other Option 1,…n Option 1,…n -40% ≤ reduction PECh < -30% Envelope or systems % U’ – % HVAC systems F(RBC_N_i, retrofit intensity)

URM, RC, other Option 1,…n Option 1,…n -30% ≤ reduction PECh < -20% Envelope (local) or systems % U’ or % HVAC systems F(RBC_N_i, retrofit intensity)

URM, RC, other Option 1,…n Option 1,…n -20% ≤ reduction PECh < 10% Envelope (local) or systems % U’ or % HVAC systems F(RBC_N_i, retrofit intensity)

3. Simulation box

GPE (HDD)

UR-UniNa

Costantino Menna, Chiara Passoni
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5. Indici prestazionali integrati ed esempi

Metodi basati sulla definizione di curve iso-classe e iso-performance

UR-UniRoma
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Life Cycle Thinking / 30 gennaio 2026



5. Indici prestazionali integrati ed esempi

Metodi di pre-screening basati su criteri qualitativi

INVENTORY & CHARACTERIZATION OF SOLUTIONS ON 
THE BASIS OF TECHN, ENV, ECO & SOC FEATURES

BUILDING FEATURES AND 
RESTRICRITIONS
(building type, technical 
characteristics, materials, urban 
restrictions, etc.)

DECISION MAKER (DM) 
REQUIREMENTS
(economic budget, expectations, avoid
inhabitants relocation, etc.)
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RENOVATION BOUNDARIES AND NEEDS

LIST OF SUITABLE 
SOLUTIONS

[f
ro

m
 S

te
p

 1
]

PRE-SCREENING PROCESS (Step 2)

Solution 1

Solution 2 

…

…EN
ER

G
Y

 S
O

LU
TI

O
N

S
ST

R
U

C
T 

SO
LU

TI
O

N
S

Solution 1

Solution 2 

…

…

input

output

MCDM 
TOOLS

A
B

C
D N

A
B
C

FILTER

A, B, D

2A

INVENTORY & CHARACTERIZATION OF SOLUTIONS ON 
THE BASIS OF TECHN, ENV, ECO & SOC FEATURES

BUILDING FEATURES AND 
RESTRICRITIONS
(building type, technical 
characteristics, materials, urban 
restrictions, etc.)

DECISION MAKER (DM) 
REQUIREMENTS
(economic budget, expectations, avoid
inhabitants relocation, etc.)

LIFE CYCLE THINKING (LCT) 
PRINCIPLES
(reduce economic, environmental, 
social impacts along the life cycle)

RENOVATION BOUNDARIES AND NEEDS

LIST OF SUITABLE 
SOLUTIONS

[f
ro

m
 S

te
p

 1
]

PRE-SCREENING PROCESS (Step 2)

Solution 1

Solution 2 

…

…EN
ER

G
Y

 S
O

LU
TI

O
N

S
ST

R
U

C
T 

SO
LU

TI
O

N
S

Solution 1

Solution 2 

…

…

input

output

MCDM 
TOOLS

A
B

C
D N

A
B
C

FILTER

A, B, D
INVENTORY & CHARACTERIZATION OF SOLUTIONS ON 

THE BASIS OF TECHN, ENV, ECO & SOC FEATURES

BUILDING FEATURES AND 
RESTRICRITIONS
(building type, technical 
characteristics, materials, urban 
restrictions, etc.)

DECISION MAKER (DM) 
REQUIREMENTS
(economic budget, expectations, avoid
inhabitants relocation, etc.)

LIFE CYCLE THINKING (LCT) 
PRINCIPLES
(reduce economic, environmental, 
social impacts along the life cycle)

RENOVATION BOUNDARIES AND NEEDS

LIST OF SUITABLE 
SOLUTIONS

[f
ro

m
 S

te
p

 1
]

PRE-SCREENING PROCESS (Step 2)

Solution 1

Solution 2 

…

…EN
ER

G
Y

 S
O

LU
TI

O
N

S
ST

R
U

C
T 

SO
LU

TI
O

N
S

Solution 1

Solution 2 

…

…

input

output

MCDM 
TOOLS

A
B

C
D N

A
B
C

FILTER

A, B, D

RENOVATION BOUNDARIES AND 
NEEDS 

SOLUTIONS CLASSIFIED ACCORDING 
TO

INVENTORY & CHARACTERIZATION OF SOLUTIONS ON 
THE BASIS OF TECHN, ENV, ECO & SOC FEATURES

BUILDING FEATURES AND 
RESTRICRITIONS
(building type, technical 
characteristics, materials, urban 
restrictions, etc.)

DECISION MAKER (DM) 
REQUIREMENTS
(economic budget, expectations, avoid
inhabitants relocation, etc.)

LIFE CYCLE THINKING (LCT) 
PRINCIPLES
(reduce economic, environmental, 
social impacts along the life cycle)

RENOVATION BOUNDARIES AND NEEDS

LIST OF SUITABLE 
SOLUTIONS

[f
ro

m
 S

te
p

 1
]

PRE-SCREENING PROCESS (Step 2)

Solution 1

Solution 2 

…

…EN
ER

G
Y

 S
O

LU
TI

O
N

S
ST

R
U

C
T 

SO
LU

TI
O

N
S

Solution 1

Solution 2 

…

…

input

output

MCDM 
TOOLS

A
B

C
D N

A
B
C

FILTER

A, B, D

INVENTORY & CHARACTERIZATION OF SOLUTIONS ON 
THE BASIS OF TECHN, ENV, ECO & SOC FEATURES

BUILDING FEATURES AND 
RESTRICRITIONS
(building type, technical 
characteristics, materials, urban 
restrictions, etc.)

DECISION MAKER (DM) 
REQUIREMENTS
(economic budget, expectations, avoid
inhabitants relocation, etc.)

LIFE CYCLE THINKING (LCT) 
PRINCIPLES
(reduce economic, environmental, 
social impacts along the life cycle)

RENOVATION BOUNDARIES AND NEEDS

LIST OF SUITABLE 
SOLUTIONS

[f
ro

m
 S

te
p

 1
]

PRE-SCREENING PROCESS (Step 2)

Solution 1

Solution 2 

…

…EN
ER

G
Y

 S
O

LU
TI

O
N

S
ST

R
U

C
T 

SO
LU

TI
O

N
S

Solution 1

Solution 2 

…

…

input

output

MCDM 
TOOLS

A
B

C
D N

A
B
C

FILTER

A, B, D

INVENTORY & CHARACTERIZATION OF SOLUTIONS ON 
THE BASIS OF TECHN, ENV, ECO & SOC FEATURES

BUILDING FEATURES AND 
RESTRICRITIONS
(building type, technical 
characteristics, materials, urban 
restrictions, etc.)

DECISION MAKER (DM) 
REQUIREMENTS
(economic budget, expectations, avoid
inhabitants relocation, etc.)

LIFE CYCLE THINKING (LCT) 
PRINCIPLES
(reduce economic, environmental, 
social impacts along the life cycle)

RENOVATION BOUNDARIES AND NEEDS

LIST OF SUITABLE 
SOLUTIONS

[f
ro

m
 S

te
p

 1
]

PRE-SCREENING PROCESS (Step 2)

Solution 1

Solution 2 

…

…EN
ER

G
Y

 S
O

LU
TI

O
N

S
ST

R
U

C
T 

SO
LU

TI
O

N
S

Solution 1

Solution 2 

…

…

input

output

MCDM 
TOOLS

A
B

C
D N

A
B
C

FILTER

A, B, D

SOLUTION 

FILTER

INVENTORY OF  RETROFIT 
SOLUTIONS

Costantino Menna, Chiara Passoni
Life Cycle Thinking / 30 gennaio 2026



5. Indici prestazionali integrati ed esempi

Metodi di pre-screening basati su criteri qualitativi

INVENTORY & CHARACTERIZATION OF SOLUTIONS ON 
THE BASIS OF TECHN, ENV, ECO & SOC FEATURES

BUILDING FEATURES AND 
RESTRICRITIONS
(building type, technical 
characteristics, materials, urban 
restrictions, etc.)

DECISION MAKER (DM) 
REQUIREMENTS
(economic budget, expectations, avoid
inhabitants relocation, etc.)

LIFE CYCLE THINKING (LCT) 
PRINCIPLES
(reduce economic, environmental, 
social impacts along the life cycle)

RENOVATION BOUNDARIES AND NEEDS

LIST OF SUITABLE 
SOLUTIONS

[f
ro

m
 S

te
p

 1
]

PRE-SCREENING PROCESS (Step 2)

Solution 1

Solution 2 

…

…EN
ER

G
Y

 S
O

LU
TI

O
N

S
ST

R
U

C
T 

SO
LU

TI
O

N
S

Solution 1

Solution 2 

…

…

input

output

MCDM 
TOOLS

A
B

C
D N

A
B
C

FILTER

A, B, D

2A

INVENTORY & CHARACTERIZATION OF SOLUTIONS ON 
THE BASIS OF TECHN, ENV, ECO & SOC FEATURES

BUILDING FEATURES AND 
RESTRICRITIONS
(building type, technical 
characteristics, materials, urban 
restrictions, etc.)

DECISION MAKER (DM) 
REQUIREMENTS
(economic budget, expectations, avoid
inhabitants relocation, etc.)

LIFE CYCLE THINKING (LCT) 
PRINCIPLES
(reduce economic, environmental, 
social impacts along the life cycle)

RENOVATION BOUNDARIES AND NEEDS

LIST OF SUITABLE 
SOLUTIONS

[f
ro

m
 S

te
p

 1
]

PRE-SCREENING PROCESS (Step 2)

Solution 1

Solution 2 

…

…EN
ER

G
Y

 S
O

LU
TI

O
N

S
ST

R
U

C
T 

SO
LU

TI
O

N
S

Solution 1

Solution 2 

…

…

input

output

MCDM 
TOOLS

A
B

C
D N

A
B
C

FILTER

A, B, D
INVENTORY & CHARACTERIZATION OF SOLUTIONS ON 

THE BASIS OF TECHN, ENV, ECO & SOC FEATURES

BUILDING FEATURES AND 
RESTRICRITIONS
(building type, technical 
characteristics, materials, urban 
restrictions, etc.)

DECISION MAKER (DM) 
REQUIREMENTS
(economic budget, expectations, avoid
inhabitants relocation, etc.)

LIFE CYCLE THINKING (LCT) 
PRINCIPLES
(reduce economic, environmental, 
social impacts along the life cycle)

RENOVATION BOUNDARIES AND NEEDS

LIST OF SUITABLE 
SOLUTIONS

[f
ro

m
 S

te
p

 1
]

PRE-SCREENING PROCESS (Step 2)

Solution 1

Solution 2 

…

…EN
ER

G
Y

 S
O

LU
TI

O
N

S
ST

R
U

C
T 

SO
LU

TI
O

N
S

Solution 1

Solution 2 

…

…

input

output

MCDM 
TOOLS

A
B

C
D N

A
B
C

FILTER

A, B, D

RENOVATION BOUNDARIES AND 
NEEDS 

SOLUTIONS CLASSIFIED ACCORDING 
TO

INVENTORY & CHARACTERIZATION OF SOLUTIONS ON 
THE BASIS OF TECHN, ENV, ECO & SOC FEATURES

BUILDING FEATURES AND 
RESTRICRITIONS
(building type, technical 
characteristics, materials, urban 
restrictions, etc.)

DECISION MAKER (DM) 
REQUIREMENTS
(economic budget, expectations, avoid
inhabitants relocation, etc.)

LIFE CYCLE THINKING (LCT) 
PRINCIPLES
(reduce economic, environmental, 
social impacts along the life cycle)

RENOVATION BOUNDARIES AND NEEDS

LIST OF SUITABLE 
SOLUTIONS

[f
ro

m
 S

te
p

 1
]

PRE-SCREENING PROCESS (Step 2)

Solution 1

Solution 2 

…

…EN
ER

G
Y

 S
O

LU
TI

O
N

S
ST

R
U

C
T 

SO
LU

TI
O

N
S

Solution 1

Solution 2 

…

…

input

output

MCDM 
TOOLS

A
B

C
D N

A
B
C

FILTER

A, B, D

INVENTORY & CHARACTERIZATION OF SOLUTIONS ON 
THE BASIS OF TECHN, ENV, ECO & SOC FEATURES

BUILDING FEATURES AND 
RESTRICRITIONS
(building type, technical 
characteristics, materials, urban 
restrictions, etc.)

DECISION MAKER (DM) 
REQUIREMENTS
(economic budget, expectations, avoid
inhabitants relocation, etc.)

LIFE CYCLE THINKING (LCT) 
PRINCIPLES
(reduce economic, environmental, 
social impacts along the life cycle)

RENOVATION BOUNDARIES AND NEEDS

LIST OF SUITABLE 
SOLUTIONS

[f
ro

m
 S

te
p

 1
]

PRE-SCREENING PROCESS (Step 2)

Solution 1

Solution 2 

…

…EN
ER

G
Y

 S
O

LU
TI

O
N

S
ST

R
U

C
T 

SO
LU

TI
O

N
S

Solution 1

Solution 2 

…

…

input

output

MCDM 
TOOLS

A
B

C
D N

A
B
C

FILTER

A, B, D

INVENTORY & CHARACTERIZATION OF SOLUTIONS ON 
THE BASIS OF TECHN, ENV, ECO & SOC FEATURES

BUILDING FEATURES AND 
RESTRICRITIONS
(building type, technical 
characteristics, materials, urban 
restrictions, etc.)

DECISION MAKER (DM) 
REQUIREMENTS
(economic budget, expectations, avoid
inhabitants relocation, etc.)

LIFE CYCLE THINKING (LCT) 
PRINCIPLES
(reduce economic, environmental, 
social impacts along the life cycle)

RENOVATION BOUNDARIES AND NEEDS

LIST OF SUITABLE 
SOLUTIONS

[f
ro

m
 S

te
p

 1
]

PRE-SCREENING PROCESS (Step 2)

Solution 1

Solution 2 

…

…EN
ER

G
Y

 S
O

LU
TI

O
N

S
ST

R
U

C
T 

SO
LU

TI
O

N
S

Solution 1

Solution 2 

…

…

input

output

MCDM 
TOOLS

A
B

C
D N

A
B
C

FILTER

A, B, D

SOLUTION 

FILTER

INVENTORY OF  RETROFIT 
SOLUTIONS

Only those solutions matching the 
renovation boundaries and needs
of a specific building are filtered

and considered in the next step of 
evalutation
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5. Indici prestazionali integrati ed esempi

Metodi di pre-screening basati su criteri qualitativi
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Score 

(1-5) 

A1-A3 

  Design for material eco-efficiency         

A1 M Recycled material  x x      

A1 M Reused material  x x      

A1 M Renewable biomaterial  x x      

A1 M certified materials (env/soc)  x x      

A1 M 
sustainable extraction process (CO2, energy, water, 

waste, dust, noise, other pollutants...) 

  x x x x x  

A1 T material optimization  x       

A2 M Local material   x x     

A3 M 
sustainable production process (CO2, energy, water, 

waste, dust, noise, other pollutants...) 

  x x x x x  

A4-A5 

A4 M Local products   x x     

  Design for easy assemblage         

A5 T dry technique    x      

A5 T prefabrication   x      

A5 T modularity/standardization   x      

A5 T 

material optimization during construction (material, 

waste) 

 
x x   x   

A5 T 
sustainable construction process (CO2, energy, water, 

waste, dust, noise, other pollutants...) 

  x x x x x  
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A+ A-Aggregation rules and plot of
radar graphs which define the 
‘sustainability profile’ of the solutions

…
UR-UniBG
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5. Indici prestazionali integrati ed esempi

Metodi di pre-screening basati su criteri qualitativi
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5. Indici prestazionali integrati ed esempi

Metodi di pre-screening basati su criteri qualitativi - ESEMPIO

Pareti in 
c.a.

Pareti in 
acciaio

Diagrid in 
acciaio

Guscio in 
legno

Isolament
o 

IMPACTS FOR EACH LIFE CYCLE STAGE

A1-A3 PRODUCT 0.21 0.41 0.44 0.47 0.29
A4-A5 CONSTRUCTION 0.46 0.96 0.96 1.00 0.78
B1-B7 USE 0.36 0.47 0.62 0.60 0.54
C1-C4 END OF LIFE 0.32 0.46 0.78 0.80 0.78
D BEYOND END OF LIFE 0.32 0.48 0.92 0.83 0.21

IMPACTS FOR EACH INDICATOR

RAW MATERIALS 0.34 0.47 0.68 0.66 0.26
CO2 0.30 0.49 0.76 0.74 0.53
ENERGY 0.59 0.71 0.76 0.75 0.73
WATER 0.08 0.57 0.64 0.64 0.64
WASTE 0.33 0.50 0.90 0.84 0.36
OTHER POLLUTANTS 0.45 0.46 0.46 0.47 0.46
COMFORT 0.33 0.33 0.42 0.42 0.33

𝐶𝑖
∗ =

𝑆𝑖−
𝑆𝑖+ + 𝑆𝑖−
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5. Indici prestazionali integrati ed esempi
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Adoption of 

Life Cycle 

Tools (LCA 

and LCC 

analyses, also 

including 

Losses) to 

select the 

most 

sustainable 

interventions

Combined 

audit 

(structural + 

energy + 

functional …)

Definition of new performance objectives and structural 

targets for the design of alternative isoperformance

retrofit solutions (PBD)

e.g. low interstorey drift to reduce damage in the 

structural and non-structural elements, low residual 

drifts to reduce repair interventions after the earthquake, 

…

Pre-screening 

of alternative 

retrofit 

solutions to 

design only 

the most 

sustainable 

solutions 

(MCDM 

methods)

step 1

VALUTAZIONE

step 3

PROGETTO DELL’INTERVENTO

step 4

SCELTA

step 2

PRE-SCREENING

SUSTAINABLE BUILDING RENOVATION (SBR) FRAMEWORK: LCT-based design framework for combined retrofit interventions

Costantino Menna, Chiara Passoni
Life Cycle Thinking / 30 gennaio 2026
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5. Indici prestazionali integrati ed esempi

Motivazione: quali parametri? Come si può rappresentare quantitativamente il problema «integrato»? 

Approcci tradizionali (costo + prestazione) ...necessità di rendere più ampia ed efficace la 
valutazione

https://climate.ec.europa.eu/eu-action/climate-strategies-targets/progress-climate-
action_en

Vitiello et. al 2017
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5. Indici prestazionali integrati ed esempi

2. Metodologia VAN – Valore Attuale Netto

RISP. SISMICO RISP. ENERGETICO COSTO INCENTIVO

UR-UniPD
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5. Indici prestazionali integrati ed esempi

3. Metodi multicriterio basati sulla valutazione del costo economico nel ciclo di vita

Modello tridimensionale:

1. Miglioramento energetico (Δ Classe En.)

2. Miglioramento sismico (Δ Classe PAM)

3. Beneficio economico netto intervento (DNB)

UR-UniPD
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5. Indici prestazionali integrati ed esempi

4. Identificazione dell’intervento combinato ottimale con approccio Multi-Criteria Decision Making 

(MCDM)

UR-IUSS
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5. Indici prestazionali integrati ed esempi

4. Identificazione dell’intervento combinato ottimale con approccio Multi-Criteria Decision Making 

(MCDM)

UR-IUSS
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5. Indici prestazionali integrati ed esempi

6. Metodi basati sulla valutazione di sostenibilità complessiva degli interventi integrati

rinforzo strutturale efficientamento energetico intervento integrato

COSTI (C)

PAYBACK PERIOD (PB)

EMISSIONI ECO2 (CE)

PERDITE DI VITE (AALL)

UR-UniPV
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5. Indici prestazionali integrati ed esempi

6. Metodi basati sulla valutazione di sostenibilità complessiva degli interventi integrati

UR-UniPV
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5. Indici prestazionali integrati ed esempi

6. Metodi basati sulla valutazione di sostenibilità complessiva degli interventi integrati - ESEMPIO

Radar plots delle quattro tecniche considerando le 4 variabili decisionali:

costi normalizzati post-retrofit (C), emissioni di carbonio (CE), periodo di

ritorno (PB) e perdite di vite umane (AALL).

guscio in legno diagrid in acciaio pareti in acciaio pareti in c.a. UR-UniPV
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6. Conclusioni
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6. Conclusioni

- Identificazione di possibili approcci e relativa classificazione

- Diverse variabili da considerare (in aggiunta a quelle economiche)

- Importanza della variabile tempo (non solo stato iniziale del retrofit)

- Necessità di ampliare le tipologie di risultato ai fini del decision making

- Possibile utilizzo dei vari metodi in maniera «unificata» attraverso il 

framework di sostenibilità  

- Migliorare/ampliare databases funzionali alle valutazioni di sostenibilità

- Favorire l’automazione (es. software, GUI ecc.) per le analisi complesse
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CON IL PATROCINIO DI:

OTTAVA EDIZIONE DELLA GIORNATA NAZIONALE DELLA PREVENZIONE SISMICA

- EVENTI FORMATIVI SULLA PREVENZIONE SISMICA -

GRAZIE PER L’ATTENZIONE

MODULO      :  INTERVENTI COMBINATI DI RETROFIT ANTISISMICO ED EFFICIENTAMENTO ENERGETICO1


