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Le citta di fronte alla sfida
climatica: strumenti di lavoro ed
esperienze in corso

Patrizia Lombardi
Vice-rettrice per campus sostenibile e living lab



Piu di un secolo di uso di
combustibili fossili, energia e
risorse ha portato a un
riscaldamento globale di oltre
1,1°C rispetto ai livelli

preindustriali.

. - poliTo__
Politecnico Eostenibile
di Torino N

Global warming: monthly temperature anomaly

The combined land-surface air and sea-surface water temperature anomaly is given as the deviation from the
1951-1980 mean.

1°C World
0.5°C
0°C
-0.5°C
Jan 15,1880 Jul 17,1910 Dec 2, 1937 Apr 19, 1965 Sep 4, 1992 Apr 15, 2023
Source: National Aeronautics and Space Administration (NASA), Goddard Institute for Space Studies (GISS) CcCBY




Annual CO2 emissions

Carbon dioxide (CO,) emissions from fossil fuels and industry' . Land use change is not included.
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Source: Our World in Data based on the Global Carbon Project (2023) OurWorldIinData.org/co2-and-greenhouse-gas-emissions * CC BY
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Fonti di emissioni di CO, da fonti
fossili : dlstrlbu2|onee|nten3|ta

10-km-resolution map from: https://megacities.jpl.nasa.gov/
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Le citta occupano solo il 3% della superficie terrestre,

ma ospitano piu del 50% dei cittadini e sono le
maggiori responsabili delle emissioni globali di gas
serra.



Consumo: Produzione :

75% of natural 500 /0 of waste

resources

67-76%« (1-76%0 0w

related GHG emissions.
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6 dei 9 limiti planetari sono gia compromessi. Stiamo esaurendo le
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Seeer fOORF® F,

risorse del pianeta

CLIMATE CHANGE

e Cambiamento climatico
« Perdita di Biodiversita
* Ciclo dell’azoto e del
fosforo
* Inquinamento da
sostanze chimiche
Modifica del sistema
agrario
» Utilizzo delle acque
dolci
* Acidificazione degli
oceani
* Riduzione dello strato di
ozono
* Aerosol

BIOSPHERE
NTEGRITY: STRATOSPHERIC OZONE
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ATMOSPHERIC
AEROSOL °

LAND-SYSTEM :
CHANGE tonoing

FRESHWATER CHANGE

BIOGEOCHEMICAL
FLOWS

Fonte: Johan Rockstrom dello Stockholm Resilience Centre e Will
Steffen dell’Australian National University
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Non si tratta di frenare la crescita economica ma di
disaccoppiare questa pericolosa correlazione...
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Puntando a un’economia rigenerativa e circolare, che riconosce le
interconnessioni e le dipendenze

climate
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Livelli decisionali

Global Norms, Conventions,

National Policies and Protocols and Agreements
Programmes (e.g. DFA, (e.g. Kyoto protocol, Global
Environmental Campaign on Good Urban
Conservation Act, NEMA, Governanee)
Working for Water) \ Global /q_l
\ National/State / Provincial/Regional

Plans, Initiatives and \ . . / I Stratcjgics {‘Biorcgional
Strategies (State of the Region/Province ::::';l:::agt:’c’m J——
Envirenment, Sustainable —__ Ci !
Building Codes, Urban \ Commt:nitw / regulations)
I0r||:‘l. llransport \ Neighb h‘ d /“— Initiatives and projects
technology, etc.) €1ighbourhoo (recyeling, education, tree

—,\ Household / planting)

Waler saving devices,
recycling programmes,
energy saving techniques
and technologies, transport
choices, lifestyle choices

Lifestyle choices
(products consumed,
methods of using
products and resources,
choice of living
environment, travel
maodes, ete.)

(Brandon & Lombardi 2011)
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Il ruolo cruciale delle citta

is the fulcrum betwg
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Impatto sull’Agenda 2030

«lt is in cities that the batt/efor sustainability will ultimately be won or lost», u.n Deputy Secretary-General Jan Eliasson

TAPPE SUSTAINABLE CITIES
Circa il 65% dell'agenda globale non puo essere

1987: Our common future (Brundtland) pienamente senza il coinvolgimento delle citta.

1992: Agenda 21 Circa un terzo degli indicatori puo essere

misurato a livello locale.

1996: Habitat Agenda Instanbul

el
declaration 2 )

= :" Anche se gli SDGs sono OBIETTIVI GLOBALI,
2015: Agenda 2030 L .. & richiedono il coinvolgimento di tutti gli

= stakeholder. Le azioni locali possono avere un

2016: New Urban agenda - Quito elevato impatto su scala globale.

declaration
-
2019 — The European Green Deal URBAN *\\Q
2022 - The E Green Deal 2l 8. Sy
— The European Green Deal goes Mmooz L al ﬁSD@mdmators IAEG-SDGs —SDG Indicators
Iocal . jun.org)
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https://unstats.un.org/sdgs/iaeg-sdgs/2020-comp-rev/

Impatto sul clima

L'Unione Europea (UE) si & impegnata a
ridurre le emissioni nette del 57% entro il
2030 (rispetto ai livelli del 1990), con
I'inclusione di obiettivi di uso del suolo e di
sequestro del carbonio.

Questa azione per il clima sara guidata da

100 citta degli Stati membri dell'UE che si 0 '| RN MT“ '
sono impegnati a raggiungere la neutralita T i{“'u = [
climatica entro il 2030. UL AR
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EU CITIES

DENMARK
Aarhus
Copenhagen
Sonderborg
NETHERLANDS
Amsterdam
Eindhoven & Helmond
Groningen
Rotterdam
The Hague
Utrecht

IRELAND - +BELGIUM

Cork Antwerp

Dublin Brussels Capital Region
La Louviére
Leuven

SPAIN

Barcelona

Madrid

Seville

Valencia

Valladolid 3

Vitoria-Gasteiz o ©

PORTUGAL : 1

Guimaraesai S

Lisbon ;

Porto
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FRANCE - g
Angers Loire Metropole
Bordeaux Metropole
Dijon Metropole
Dunkerque
Grenoble-Alpes
Metropole

Nantes Metropole
Paris

LUXEMBOURG
Differdange

GERMANY ="~

Aachen
Dortmund
Dresden

Frankfurt/Main

Heidelberg
Leipzig
Mannheim
Munich
Minster

AUSTRIA
Klagenfurt

ITALY
Bergamo
Bologna
Florence
Milan
Padova
Parma
Prato
Rome
Turin

Q Zagreb
L..SLOVENIA

SWEDEN
Gavle
Gothenburg
Helsingborg
Lund
Malmé
Stockholm
Umed

i1 crROATIA

Kranj
Ljubljana
Velenje

MALTA

Gozo

FINLAND
Espoo
Helsinki

Lahti
Lappeenranta
Tampere
Turku

- ESTONIA

Tartu

LATVIA
Liepaja
Riga

i LITHUANIA

Taurage
Vilnlus

: POLAND
Krakow
Lodz
Rzeszow
Warsaw

+ Wroclaw

= CZECH REPUBLIC

Liberec

SLOVAKIA
Bratislava
Kodice

HUNGARY
Budapest
Miskolc
Pécs

CYPRUS -
Limassol

BULGARIA
Gabrovo
Sofia

-ROMANIA
Bucharest
ClujNapoca
Suceava

- GREECE
Athens
loannina
Kalamata
Kozani
Thessaloniki
Trikala

EU MISSIONS

100 Climate-neutral and smart cities by 2030

Garantire che queste citta agiscano come hub di
sperimentazione e innovazione per mettere tutte le
citta europee in grado di diventare neutrali dal punto
di vista climatico entro il 2050.

©& @

Frontrunners and
less prepared cities

Capital cities Small, medium,

large cities

Cities from every
Member State

- EUROPEAN UNION

Concrete solutions for our greatest challenges






Aumentando il valore delle informazioni

PLANS/
DECISION

Judgment
Increasing
KNOWLEDGE
value of
information Behavior
/ MODELS

Relationships

/ DATA

Adaptedfrom Ullman 2010
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Alcuni strumenti utili

o  Utilizzare GIS per analizzare e visualizzare dati spaziali e supportare la
pianificazione e la gestione urbana.

1. GIS (Geographic Information Systems)

o  GIS puo essere utilizzato per la mappatura del suolo, I'analisi delle
infrastrutture e la gestione delle risorse.

2. Modelli di Simulazione Urbana e di o . . :
. o  Strumenti di decision support systems, cruscotti per prevedere gli impatti
supporto alla decisione delle decisioni di pianificazione e valutare scenari di sviluppo urbano.

o Digital twin urbani

o  Applicare standard e certificazioni come LEED for Neighborhood

3. Certificazioni di Sostenibilita Development, BREEAM Communities, il framework SNTool per la
valutazione della sostenibilita urbana

o  Strumenti per il coinvolgimento della comunita come workshop,

. . . consultazioni pubbliche e piattaforme digitali per raccogliere input dai
4. Partecipazione della Comunita cittadini.

o  Utilizzare processi partecipativi per assicurare che la pianificazione
risponda alle esigenze della comunita.
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PCM

Project
cycle
manageme
nt

Politecnico

di Torino

Schema di processo decisionale (DM)

Identification of the
DMs and definition of
the objectives

Problem
Framing

Construction of the
problem space

Discussion between DMs
and stakeholders for
constructing a vision

Generation of the scenarios

9 L Scenario
., ‘ Building
h Evaluation of the AY

scenarios

Problem
Solving

Risk and uncertainty management and final decision
Preparation of the operational strategies




DALLA DIAGNOSI ALLA COSTRUZIONE DEGLI SCENARI

PCM o

> >

C

Stakeholder Analysis  DIAGNOSI del territorio Selezione KPIs

Costruire lo
scenario migliore
per indirizzare le

strategie di

sviluppo
sostenibile

Scenario futuro

Problem Analysis Mapping Delphi method

Database

Objective analysis GIS maps Playing cards method

Analisi critica del contesto territoriale per
I'impostazione del Progetto

¥ 2 Politecnico
BBy di T
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Spatial Decision Support Systems

Due to the complexity of decision-making problems,
appropriate spatial visualisation approaches based on new
information and artificial intelligence technologies are
needed to support decision-making and empower
stakeholders.

MULTICRIT
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Fasi di sviluppo di uno SDSS

Problem Key principles
definition
Involvement of 5

— — 8 stakeholders
Evaluation z c
o Constraints o
criteria 2
©0 u»n
e -
€6 ©

Transparent, adaptive

Decision
matrix = and replicable planning
4 5 process

Decision Maker's ek
preference
! :

"
Consideration of : "Q._.‘?*

alternatives and of the

spatial distribution of

_{ — . : the impacts
- Sensifivity analysis frmmd = = = = = = - - e - = S0

Alternatives

Decision
rules

,( Use of reliable
information for decision
and policy making

[Recommendcﬁon]




AMBIENTE DATI

SDSS per progetti di smart city

real estate G S

Indicators - KPI

Ricerca e Raccolta - O Relazi « Identificazione
Analisi dati * | zﬁZ'on?/S o + Quantificazione
Creazione = ndicatori/Soluzioni - - Posizionamento
base dati « Dati associati alle soluzioni

PLANET
smart city
AMBIENTE APPLICAZIONE
Scelta » strumento 5 ytilizzo
Costruzione - interattivo - Trasferimento
dellarchitettura in ambiente GIS
Valutazione 0 delle informazioni
tecnica/economica
delle alternative
Y
OUTPUT
WEB - GIS

Interactive Impact Assessment Tool
Comparazione di scenari differenti

olitecnico

¢ di Torino




Smort
COMMUNITIES
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EEB Cluster - Zero Energy Buildings in Smart Urban Districts

> Politecnico Torabi Moghadam, S. e Lombardi, P. (2019). An interactive multi-criteria spatial decision support system for energy

di Torino retrofitting of building stocks using CommuntiyVIZ to support urban energy planning, in «Building and Environment», 163, p.
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R Esempio di cruscotto

Layers
Census Areas

AJ _ k-’-':':‘s

L7y 7 b‘ Case Buildings

—‘..!.;..‘.;_'49.....». . District Buildings

Cost Analysis Selection

Indicators

Tools

'\"&esnﬁn,b’| NG © 2018




ESPERIENZE
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MOLOCﬂ rope

Interreg Europe 1 EUrope

MOLOC POLITO SOSTENIBILE
Low Carbon Urban Morphologies . 5 Sustainable campus office
(MOLOC) Interreg Europe glR(;tGifE’:‘_I:lN_ irow;nsg ff?d've & Green team, Politecnico di Torino
Duration: 2017-2021 quitable Nature-hased 3o utions

through Inclusive Climate Actions 2019- on-going

DUT - project
2024-26
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MOLOC PROJECT (MOrphologies LOw Carbon)

2 Ebrope” B

MOLOﬂ

Interreg Europe

This project has received funding from Interreg Europe 2014-2020 Programme i

GENERAL AIM

* To develop an assessment of the sustainability performance at
urban level and propose a future scenario to support planning
processes

* |dentify good practices for the development of urban areas,
with the widest purpose of achieving adaptation to climate
change and promoting energy transition processes.

The City of Turin with the support of DIST-PoliTO took
the opportunity of MOLOC Project to create a decision |
support tool and share its experience with others urban Lille EnerFy Cities

Hamburg Katolwice Suc‘eava

. TURIN
contexts to generate good practices. ‘ | B
g W@ %) i B
T - _— o
ENERGYCITIES Crrra prTorINg Hamburg LNsTYruT
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METHODOLOGY

O @
Progressive selection from 178 CEBSA ; }F-’ltjelimir;]ary selection
) L. . MED Generic Framework INDICATORS of - Hierarchy
1 Selection and validation of KPI indicators sustainability performance 3. Final selection
interreg M 4. Validation
© CESBA MED
Impact assessment of indicators and " i dicat | et
. . - easuring indicators Cataloguing and identify Implementation of
evaluation of the SUStamablllty with GIS software unique synthesis values decision making model
performance level for the baseline scenario @ for each indicators SNTool (CESBA MED)
ArcGIS
_— . ° | | |
Definition of a potential urban
transformation scenario and evaluation X Analysis and synthetic «  Improvement Targets Implementation of
. . e interpretation of the * Strategic Framework decision making model
of its sustainability performance level territory And actions SNTool (CESBA MED)

Creation of an interactive storytelling
dashboard G'
[ ]

Politecnico
di Torino

Define the storytelling of the Define a dashboard for each indicator to facilitate
project using ArcGIS storymap the reading and interpretation of the data




Framework per la selezione degli indicatori

Criteria Distribution

G - Social Aspects
F - Environment
E - Non-renewable resources

D - Atmospheric Emissions
CESBA - Common
European Sustainable

Built Environment
Assessment

C -Energy
B - Economy

A - Urban system

45

2 ¥ politeeni
{in} L’p_llltecmco

Pignatelli, Maurizia; Torabi Moghadam, Sara; Genta, Chiara; Lembardi, Patriria {2023)

s Spatiol decision support system for low-carben sustainable cities development: An interactive storytelling dashboard for the eity of Turin. in: SUSTAINABLE CITIES AND SOCIETY, val. 89,




RESULTS
‘ Selection and validation of KPI indicators

/

Workshop

INDICATORS

\
Participative decision \

process @ Final selection
N\

June 11, 2019

\ /

The participants were divided into 2 GROUPS.
Everyone has applied the multi-criteria analysis
methodology SRF - “PLAYING CARDS” to identify
and sort INDICATORS by priority



RESULTS

2  Impact assessment of indicators

COMMON MEASUREMENT METHODOLOGY FOR THE 8 INDICATORS:

|. Data collection =

The processes and the
results have been
collected in 8 cards 1

[I. Data spatialization on GIS software @

ArcGIS

Data analysis, thematic MAPS and export results e

Pignatelli et al., 2023

IV. Processing the results and synthesizing the value of the indicator '._7_?
[ ]

% 73

Total final thermal
energy
consumption for
residential building
operations

Intermodality

Quality of land urban facilities

CARDS

0,59 nr 2,46 nr 89 kWh/m2/year

"\
L@
Total final electric
energy
consumption for
residential
building
operations

31 kWh/m2/year

GHG emissions from
energy used for all
purposes in residential
building operations

21,7 kgCOzeq/mzlyear

I
L.FD_
Oo—0O

Air quality respect
to particulates
<10 mu

30 ug/m3/medio year

L

Albedo

45 %

A
[N
N
I

D@
TS
Availability and
proximity of key public

human services to
residential building

63 %



RESULTS

2 Evaluation of the sustainability performance level for the
baseline scenario

DECISION - MAKING MODEL IMPLEMENTATION y

CESBA MED Passport \f/EgBA_
Outcomes:
| ISSUE SCORE WEIGHT | 5 ECCELLENTE
BUILT URBAN SYSTEM 14 15% i omo
C’; ENERGY ® — ENERGY 4 35 ) L
. Main critical issues that afflict the ATMOSPHERIC EMISSION 0 " . o
‘@Q SOCIAL ASPECT @® ' sustainability performance
ENVIRONMENT 25 b 1 STARS)
441, ATMOSPHERIC EMISSION SOCIAL ASPECT 1 7% -
[::] TOTAL SCORE 04LOW - MINIMUM | A NEGATIVD
HHE BUILT URBAN SYSTEM
Higher scores 2
‘\;, ENVIRONMENT ® 4




R ES U LTS Pignatelli et al., 2023
o Analysis and synthetic interpretation of the territory

* URBAN SYSTEM issue (land quality and urban transport system)
shows significant potentiality, but also appreciable shortcomings.

* High ENERGY CONSUMPTION and mainly old building stock:
-Expensive and lengthy efficiency interventions

ﬁgenda

+ Development of Energy Communities * ematebuset
e . Stazioni ferroviarie P. Nuova e P. Susa 5 szi0ne ferro o
+ European Funds for energy requalification e e 5 Stsone ferosar T Lingao

red ‘(rm: della Salute e della Scieza di

. _.# Toring' Carenza di strutture sanitarie

+ The district heating network is expanding

4 ‘)Dclarité urbane con massimo grado di " Avea di concentrazione delle infrastrutture
A/ intermodaita delle S tipologie di mobil indiiduate
. o ——— Pete di Teleriscaldamenta 3 RS Area & elevativelori i Aedo
* Trends show a progressive decrease of EMISSIONS from e i s soeu
residential buildings, especially emissions from electricity Superc 2 copertura fresse e bschiva Superiver

consumption thanks to the diffusion of technologies that exploit

renewable sources. 0 T T

e PMI10: Turin counts the highest number of days exceeding the
permitted concentration thresholds. However, the data show an
annual average concentration lower than the benchmark
threshold.

~Legenda
3 4 Ampliamento della rete di Teleriscaldamento!

* The shortcomings related to the availability of BASIC SERVICES for
some areas are also caused by a low accessibility.

Legenda
rﬂ Staone ferroviaria T. Lingotio

—= Scarsa valorizazane dei collegamenti
infrastruturali

" Modi della rete ecologica
mm Corridoi di connessione ecclogica
] Area copenta dalle rete di Teleriscaldamento

* Regeneration and temporary uses can make up for the lack of Supricers
services. — i [ Zore Urtne di Trsformsne

Elevati consumi energetici degl edifici residenziali



RESULTS
o Built the future scenario

IMPROVEMENT TARGETS

1

2

Analysis, assessment and interpretation of baseline scenario

Interviews with expert stakeholders

Regulatory framework analysis

Research group meetings

Pignatelli et al., 2023

FORWARD LOOKING SCENARIO
SHORT-MEDIUM TERM

Quality of land

0,59nr

0.65 nr

2 = 3

. £
= Lo
Intermodality urban Total final thermal
facilities energy consumption
for residential building
operations
24600 89 kWh/m¥/anne
i8nr 53.4 kWh/m?/anno

[
™\
Lo
Total final electric energy

consumption for residen-
tial building operations

31 kWh/m/anno

!

20 kWh/m¥/anno

v 6
E .
RN o—&
GHE emissions from ener- Air quality respect to
gy used for all purposes particulates <10 mu
in residential building
operations
217 kgC0,eq/m?/anno 30 pg/m3/medio anno
17.3 kgC0,eq/m*anno 20 pg/m*medio anno

45%

537

" b

Mvailability and
proximity of key public
human services to
residential building

63%

|

ni



RESULTS ...coocs
9 Built the future scenario

Strategic Framework

BUILT URBAN SYSTEM ENERGY

* Energy efficiency

* Use of renewable sources
“Energy Communities”
Management, knowledge and monitoring
of consumption

e Energy certification of residential buildings

¢ Soil consumption “0”

¢ Declination of resilience and climate
adaptation concepts in planning tools

¢ Instrument flexibility and
introduction of SEA processes in
urban and territorial plans

ATMOSPHERIC EMISSION ENVIRONMENT

* Reduction CO2 total emission from
residential buildings by 40%
(between 1991 and 2030) (TAPE)

* Reduction of PM10 concentrations in
atmosphere

* Replacement or use materials suitable
for the reduction of the Albedo index
(therefore the heat island effect)

.Nodld'mlemambm
; 2 :nrla :‘UM e (orridoi i connessione ecologica
SOCIAL ASPECT E] l.“;l[: - Consclidamento collegamenti ferroviari e
& Caio Mario 7 metropoktani | con comuni estemi
* Improvement the quality of existing human services Somslf Ampliameno ofea asport pubbicae
. aps . . £273 Avea di concentraziane dele tipologie di
e Promotion of access conditions by expanding the catchment area of services 75 Marche i e ¢ delle nfasrture
* New ways of providing and fruition of services @;‘;?fg;;;';ﬂ:mgﬁg:;;;:3‘*‘“'”"“ T T—
- . . A smphamento dellarete di Telerrscaldament Verde urbano
* Equal distribution for a balanced territory s FARE QAT S penua el e bochva

[ i i el I
. Valorizazione Nodi della rete eclogica Superficverdi a uso agricolo
Fonte:IREN, LARTU, Regione Piemonte, Geopt m (orridoi di connessione ecologica Suoli verdi incolti
Elaborazione Maurizia Pignatelli. Luglio 2020
Scala 1:75.000 - s.r. WGS84

* Promotion of urban regeneration and expansion of temporary uses



RESULTS

e Evaluation and comparison of the sustainability
performance level of the baseline and future scenario

Direct
comparison

CESBA MED Passport

Baseline scenario
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Pignatelli et al., 2023

Future scenario

CESBA MED Passport
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RESULTS

4 An interactive dashboard

MOLOC project (arcgis.com)

Assessment of urban sustainability through Key Performance
Indicators. The spatial impact assessment of KPI is developed using
ESRI GIS tools: ArcGIS Pro, ArcGIS dashboard, ArcMap.

° ® G
ArcGIS

’ SCALE OF ASSESSMENT: CITY LEVEL

KPI KEY PERFORMANCE INDICATORS

Ags SPATIAL ANALYSIS AND GIS SOFTWARE SUPPORT

EE’ SWOT ANALYSIS INTERPRETATION OF THE TERRITORY

i Politecnico

Pignatelli et al., 2023

MOLOC project v Y

MOLOC project

Low Carbon Urban Morphologies - Interreg Europe 2014-2020
Programme

DIST (Interuniversity Department of Regional and Urban Studies and Planning) - POLITECNICO
DI TORINO

31 maggio 2022

City sustainability evaluation considering economic, social and
environmental subsystems, as a fundamental part of urban planning.
Key Performance Indicators allow an integrated evaluation of these
three issues.

The City of Turin is one of the six partners of MOLOC project and Its involvement was
determined in conjunction with the beginning of activities for the structural revise of
City Masterplan. The DIST of Politecnico di Torino has been involved to contribute as
scientific support to the project activities.



https://storymaps.arcgis.com/stories/b07a0dcb3acd4c28b68955870239843f

Interreg
“' Europe -

MOLOCﬂ

Interreg Europe

ESEMPIO DI APPLICAZIONE: CASO STUDIO

Progetto MOLOC (MOrphologies LOw Carbon)

Confronto tra le valutazioni dello scenario del ‘non fare’ con la valutazione dello scenario di progetto

STATO DI FATTO SCENARIO FUTURD
CESBA MED Passport QESBA CESBA MED Passport CESBA
| NI puwneso _ peso e | G e | AMEITD punesio pesoanen | B -
SISTEMA URBAND 14 13 + R SISTEMA URBANO 38 15% & ]
ENERGIA B e : o 5 : ENERGIA 5 2 wuse
EMISSIONI ATMOSFERICHE 12 N% T BSIRETD EMISSION| ATMOSFERICHE 12 1% z BERET)
AMBIENTE 15 % 1 £ ' Sy . AMBIENTE 48 m . e
ASPETT] SOCIAL 1 b ; / ASPETT] SOCIALI ) ™ a
—
[ PnEGsi0FINALE DMINMD - SCARS) | m A 4 | PUNTEGGID FINALE 23 DISERETD | P wum
Esiti. &% oo e Esiti:. &% oenn
@R ASPETISOCIALL @ (SR ASPETTI SOCIALI
o o EVIDENTE MIGLIORAMENTO RISPETTO ALLD
I'-d' EMISSIONI JHI'D i EMISSIONI SCENARID BASELINE
Anche e il punteggio finale non & ottimale fa riferimento a
] g casi territoriali che si possono gia ritenere good practies
HHB SISTEMA URBAND HHH SISTEMA UREAND @ {www.cesha-med.interreg-med.eu).
S AMBIENTE o &L AMBIENTE ®
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CASO STUDIO

Progetto GREEN-INC (European DUT project)

GREEN-INC aims to evaluate the effectiveness
of "Inclusive Climate Actions (ICAs)" in 5
European cities facing various climate change
challenges. The project aims to identify
institutional conditions and design principles
that foster the adoption of nature-based
solutions (NbS) in different urban contexts.
The project will be supported by a practical
validation phase in 5 living labs using "Digital
Twin" technology. The ultimate goal is to
contribute to the implementation of NbS by
integrating principles of social equity into
decision-making processes.

.: Politecnico
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GREEN-INC Project: Inclusive Climate Actions (ICAs)

Single-targeted Nature-based Solutions Inclusive Climate Actions

Wellbeing Wellbeing

diversny | PN ‘ Biodiversity
PUb”C Public space ‘\ ’v f

<\ %
@ Climate risk @ ““\%’*

N
X

Inequality Inequality

Climate risk

. ‘) kY - .
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NbS projects in Torino

CONEXUS: Valdocco Vivibile

Microscale green solutions neighborhood
interventions aimed at place regeneration
and citizens’ participation

CWC: Rainwater recovery rooftop garden
and aeroponic greenhouse
Building-scale recovery of an existing
building with rooftop garden and

| greenhouses

proGlreg - Orti Generali:

Urban community garden transforming
post-industrial and metropolitan areas
based on ecological sustainability and social
equity

proGlreg: Urban living lab with green walls
in a school and in a homeless shelter
Experimental outdoor and indoor green
walls in two building intended as replicable
examples

olitecnico
* di Torino




Generic framework: Selection of KPIs

o )

1. SELECTION:
. - . . 225
Review of existing literature, projects, frameworks, standards, -
- indicators
regulations
v

2. CLASSIFICATION:
Review of existing assessment frameworks

IDENTIFICATION, @ o o e e e e e e T Em—m—— e o=
3. REFINEMENT 1: 109
Pareto analysis indicators
4. REFINEMENT 2: 29
Compatibility check indicators
REFINEMENT, _ L L o e e e e e e e e e e . T T T . . . . T . D e e e e e e e e -
Design of the
questionnaire
A 4 \ 4
Selection of the N 5. PRIORITIZATION:
stakeholders Fuzzy Delphi Method
PRIORITIZATION _ _ _ T - - - - - e - - - - —-—-_= J-——-—— -~ —m—— = —

[ FINISH }7 ={‘ 13 KPIs ,
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Generic framework

The monitoring and evaluation framework
is being implemented to assess the

effectiveness of |ICAs for

demonstration projects in the cities of

Turin, Brussels and Skelleftea.

The framework consists of 13 Key
Performance Indicators (KPlIs) that will be

evaluated for each project.

, Politecnico
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Core KPlIs

RAINWATER AND GREYWATER
CAPTURE AND REUSE

y

AIR TEMPERATURE
(Reduction of heath island)

\.

ANNUAL CO2 EQUIVALENT EMISSIONS
PER CAPITA AND TOTAL CO2
EMISSIONS

STRUCTURAL AND FUNCTIONAL
CONNECTIVITY OF URBAN GREEN AND
BLUE SPACES

’

Focus challenge:
Water management

Focus challenge:
Climate resilience

Focus challenge:
Climate resilience

Focus challenge:
Biodiversity enhancement

Volume of rainwater or greywater
captured and re-used for irrigation or
other purposes.

Measurement of mean and peak
daytime temperature, includes the
effect of albedo and tree shades as
factors affecting air temperature.

Total amount of CO2 emitted,
subdivided by sector (mobility,
buildings, etc.) and per capita.

Structural connectivity is the proximity
of blue-green spaces and the
infrastructure matrix across a city.
Functional connectivity the ability of
the landscape to support the
movement of organisms through it.

Typology: Outcome

Typology: Outcome

Typology: Outcome

Typology: Outcome

Level: District/Building

Level: District

Level: District/City

Level: District/City

%
S

Unita di misura: m3/year

N

|
Y
\.

Unita di misura: °C

Unita di misura: tonnes/year

Unita di misura: 0-1 index

Politecnico
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Core KPlIs

r

COST OF ONGOING GREEN AND BLUE
INFRASTRUCTURE MAINTENANCE
PLANS

r

MEAN ANNUAL DIRECT AND INDIRECT
LOSSES DUE TO NATURAL AND
CLIMATE HAZARDS

’

LAND USE CHANGE

\.

CITIZEN INVOLVEMENT IN
ENVIRONMENTAL EDUCATION
ACTIVITIES

Focus challenge:
New economic opportunities and
green jobs

Focus challenge:
New economic opportunities and
green jobs

Focus challenge:
Place regeneration

Focus challenge:
Knowledge and social capacity building

Costs incurred to keep the project in
good condition or good working order
(must include total annual labour costs,
land leasing costs, machinery, energy
costs, licensing, etc.).

Expected annual damage (monetary)
from hydrometeorological risks.

Reclamation of land for NbS, expressed
as total area (ha), area per capita or %
of area reclaimed.

Number of participants to educational
programs sponsored by schools,
universities, municipal recreation
departments, local or international not-
for-profit organizations, and private
entrepreneurs.

Typology: Outcome

Typology: Outcome

Typology: Outcome

Typology: Outcome/Process

Level: Building

Level: District/City

Level: District

Level: District/City

Unita di misura: €

B

N
J

Unita di misura: €

Unita di misura: %

Unita di misura: n° of people

Politecnico
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Core KPlIs

’

PROPORTION OF CITIZENS INVOLVED
IN PARTICIPATORY PROCESSES

\.

’

ACCESSIBILITY OF URBAN GREEN AND
BLUE SPACE AND RECREATIONAL
SPACE

\.

ESTIMATED MORBIDITY AND
MORTALITY ASSOCIATED WITH
CLIMATE CHANGE

EXPOSURE TO NOISE POLLUTION

Focus challenge:
Participatory planning and governance

Focus challenge:
Social justice and social cohesion

Focus challenge:
Health and wellbeing

Focus challenge:
Health and wellbeing

The proportion of citizens involved in
participatory governance and
design/planning phases.

The availability and distribution of
green and blue space and recreational
space with respect to specific individual
or household socioeconomic profiles
and landscape design.

Long-term (annual) incidence of
morbidity and mortality due to air
pollution, high temperatures, or other
climatic conditions.

The per cent reduction of noise level
measured at the receiver, or the
number of inhabitants exposed to
noise >55 dB(A).

Typology: Outcome/Process

Typology: Outcome

Typology: Outcome

Typology: Outcome

Level: District/City

Level: District

Level: District/City

Level: District/City

Unita di misura: %

Unita di misura: n° of residents

Unita di misura: n° of cases/year

Unita di misura: %

Politecnico
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Place-based framework

Natural
and

climate [ ]

Biodiversity
enhancement

Health and
wellbeing

Supporting indicators are specific
to each case study, and they are
selected according to the focus
challenges of each project

European
Commission
—_—

EVALUATING THE IMPACT OF

Climate
resilien

A Handbook for Practitioners

Participatory

planning and )
governance New economic

opportunities
and green jobs

Expert
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The framework

CORE KPIs

CO2 equivalent emissions per capita and total emissions

Air temperature

People adversely affected by natural disasters
Structural and functional connectivity

Cost of ongoing maintenance plans

Direct and indirect losses due to climate hazards
Citizens involved in participatory processes
Estimated morbidity and mortality

Exposure to noise pollution

Land use change

Citizen involvement in environmental education activities

Accessibility to urban green and blue spaces and recreational spaces

Politecnico
di Torino
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SUPPORTING INDICATORS

BRUSSELS

Perceived quality of urban spaces

TORINO

Perceived quality of urban spaces
Proportion of community who volunteer
Bridging and bonding

SKELLEFTEA

Perceived quality of urban spaces

Environmental
Economic

Social




Focus su Torino
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KPls assessment Open 011

Accessibility of urban green o
g Valdocco vivibile >
and recreational space s
Percentage of residents living within acceptable
access from the available effective public green and
recreational areas.
Identification of public green areas larger than 2 ha
+ Green walls >
Creation of the pedestrian network
+ Green walls =P
Definition of the service area around green and recreational Orti generali z.4
spaces Service area
Definition of the share of population living within acceptable % of residents
access level from green spaces ) ) ) )
+ Before implementation After implementation
Repetition of steps 1-2-3-4 for the years following the Orti Generali 79% 80%
implementation of NbS project(s)
+ Green walls 75% 75%
Comparison of population living within acceptable access of Open 011 40% 36% s
the available green spaces pre and post implementation of NbS
project(s). Valdocco Vivibile 7% 8%

2; Politecnico

di Torino




KPls assessment
Accessibility of urban green
and recreational space

Y Politecnico




KPls assessment

Estimated morbidity, mortality,
and wellbeing

Open 011

Valdocco vivibile

Prediction and perceptions of illness, death rates and
wellbeing caused by environmental or social factors.

Data collection for illness and death rates
+ Green walls

HAZ 5
Calculation of relative difference with city average

HAZ 9
+ Green walls HAZ 10

Comparison of illness and death rates before and after NbS Orti generali B HAz13
implementation or comparison between local/district scale and W HAzie

city scale values

+ HAZ relative ived impr in| Perceived imp in Per:eivgd improvement in
Definition of the questionnaire difference physialwelbeing (%) | mentalwelbeing 09 | - P, LSRN
+ Orti Generali 0%
Distribution of the questionnaire

Green walls 0%

+ 4.35 31.9 68.15
Open 011 -21%

Descriptive statistics for analysis of survey responses

Valdocco Vivibile -46%

.: Politecnico
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KPls assessment

Citizen involvement in
environmental education activities

Number of events organized within the context of educational
programs.

Definition of survey questions

\

Survey distribution

v

Descriptive statistics for analysis of survey responses

v

Integration of survey responses with inventory of activities

KPls assessment
Citizens involved in
participatory processes

The number of citizens involved in participatory governance
and design/planning phases.

Definition of survey questions
v
Survey distribution
v

Descriptive statistics for analysis of survey responses

v

Integration of survey responses with inventory of activities (interviews)

Number of activities
Orti Generali 133
Green walls 36
Open 011 17
Valdocco Vivibile 15

Number of participants
Orti Generali 116
Green walls 170
Open 011 0
Valdocco Vivibile 230




SUSTAINABLE CAMPUS
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SOME FIGURES

Politecnico di Torino in a nutshell
IS’ 300.000 .

m? of buildings

37.300

students

1.200+

professors and research fellows

1.000+

employees in technical and administrative




Il percorso verso la decarbonizzazione

Delibera del CdA:
approvato l'avvio del

Avvio tavolo di lavoro per

iano di io di i i : FRrIrH
Sottoscrizione della gecﬁmizzazione . A\’_V'o_d' un-lplla}no di A‘é‘"o Azioni di Ateneo CARBON
. azioni per il clima Adattamento

Nasce il Green Climate Emergency dell’inventario delle (adattamento, mitigazione e NEUTRAL
Team Letter emissioni monitoraggio)

. " Polito diventa I E Call for ideas! E Interventi sul patrimonio edilizio:

¥ . RUS Observer per UN | E CLIMATE e = efficientamento energetico....

s ; ne”e COPs 5 . adaptation ¥

2015 2019 2021 2022 2023 2024 2030 2040

Agenda 2030 e Aggiornamento FIT protocollo di valutazione della
Accordo di Parigi FIT for 55. Torino tra le for 55: Target RES: sostenibilita del campus (ITACA
Target RES: «100 Climate - 42,5% entro il 2030 Urban)
EU Green Deal 40% entro il Neutral Cities R
. 2030 by 2030» ITA
4
PARIS 2015 N
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L'inventario delle emissioni

Il protocollo GHG e gli ambiti di azione

Il protocollo “GHG Protocol Corporate Accounting
and Reporting Standard” (2004) fornisce una
metodologia standardizzata per quantificare le
emissioni di gas serra.

Il protocollo classifica le emissioni dirette ed
indirette dell’azienda in tre “scope” (ambiti):

Scope 1
DIRECT
A } Scope 1, emissioni dirette generate, la cui fonte
scope2 W Scope3 e di proprieta o controllata dall’azienda/ente;
INDIRECT INDIRECT
Tacites e C
> Bl m— } Scope 2, emissioni indirette generate
K = sty dall’energia acquistata e consumata
enes =5 dall’azienda/ ente;

fuel- and energy-

purchased electricity, steam, vehicles
o — heating & cooling
l‘ for own use .“\

waste generated
in operations

®
e
a ‘ related activities
-
O I

Scope 3, comprende tutte le altre emissioni
indirette che vengono generate dalla catena del
valore dall’azienda/ente

* Elaborazione da https://www.epa.gov/climateleadership/scope-1-and-scope-2-inventory-guidance

.: Politecnico
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L'inventario delle emissioni
Le emissioni di Ateneo dal 2018 al 2024

- =1
' |
14000 11743 11592 8244 10233 11441 12583 n 12.746
|
12000 : Impatto Covid-19 . I I
10000 ' |
S 8000 ' | wmscopes
2 6000 I I wscore2
4000 ! | mscope1l
|
2000 : !
|
0 i ,
2018 2019 2020 2021 2022 2023 | 2024 In continuita con gli anni
| | 1 | | |l |l . | I precedenti & stata
o o o o o utilizzata la piattaforma
1%V -29%V +24% A +12% A +10%A I/A | b A per 1 caleolo dell
! — — | emissionidiCco2del 2024.

o ) K :
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Scope 2: emissioni normalizzate per m?

Il Campus Politecnico ha subito variazioni negli anni in termini di estensione sul territorio (nuove aule, spaziin
ristrutturazione, nuovi spazi per laboratori...)

= 2018-2021 - ~260.000 m?
= 2022-2024 - ~298.000 m? (~+15%)

Evoluzione superfici SCOPE 2 Evoluzione emissioni al m?2 o os

12.000 I

350.000
L i15% -15% V
300.000 10.000 0.028 0,027 0,03
250.000 ST - m 0.025
8.000 = -~ el

E
200.000 o <
0,02 %
E $.000 o
150.000 =
4.000
100.000 0,01
50.000 2.000
0 0 0,00

2018 2019 2020 2021 2022 2023 2024 2018 2019 2020 2021 2022 2023 2024
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Emissioni normalizzate sulla popolazione complessiva

La popolazione complessiva del Politecnico di Torino,, 0 E’ 0,35
(studenti + dipendenti) subisce un incremento costante dal
2018 ad oggi: 12.000
= 2018 - 36.434 unita
o ( N 0,25
= 2019 - 37.236 unita | +2,2% 10.000
fﬁgy\ = 2020 - 37.801 unita | +3,8%
* 2021 - 38.271 unita | +3,0% g B-000 °'2§
= 2022 > 39.504 unita | *56% ¢, ¢ s
. 2023 39.414 unita | *84% 6.000 0'183
- 2024 40.654 unita L *11°
60.000 L_ +1z ’ 4.000 0,10
2 40.000
2 2.000 0,05
g 20.000
I I I I I I I 0 o 0,00
2018 2019 2020 2021 2022 2023 2024 2018 2019 2020 2021 2022 2023 2024

Evoluzione popolazione complessiva
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Le leve dirette per ridurre le nostre emissioni

Emissioni 2024 Ambiti di intervento su cui

[tCO,] I’Ateneo ha

Consumi (EE e ET)
Autoproduzione (PV)
Azioni tuning e alerting

assmmmnns®

OF
A Mobilita MISSI.O.n‘I del per§o‘nale. .
tenibil Mobilita comunita politecnica
sl Servizi per la mobilita
AP o
Rifiuti
. . . Acqua
Risorse ed economia circolare Cat del cib

Laoc0 12.746 atena del cibo

Acquisti di materiali

a:u Sensibilizzazione
% om Coinvolgimento ed educazione Consapevolezza capacity
e della comunita building |
- Formazione )
’ 2023 2024

+...IIIIII

2018 2019 2020 2021 2022 AZIONI DI MITIGAZIONE
...IIIIIIIIIII\ ADATTAMENTO
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Net Zero 2040 — Scenario teorico

(12.746 tCO ]

10.000
2
c 8.000
<
o 6.000
b=
4.000
2.000
0

20182019202020212022202320242025202620272028202920302031203220332034203520362037203820392040

_.___——r\—~

\ N ~ o~

4 )

Per raggiungere |'obiettivo si possono seguire diverse strategie.

Esempio: percorso lineare = riduzione delle emissioni di ~800 tCO, ogni anno.

Tutte le ipotesi per raggiungere NetZero comportano importanti sforzi.

.2 Politecnico




Net Zero 2040 — Scenario finale SCOPE 2

Leve «dirette»

Energia e efficientamento T
J

Leve «esterne»

g

Mix energetico nazionale

12.000

[ 7.383 tCO, (SCOPE 2) ]

10.000
8.000
6.000

tCo,

4.000
2.000

Nuova edilizia

Interventi di efficientamento energetico
in programmazione

)

Interventi di efficientamento energetico
da programmazione

Cambiamento
climatico

75

o

e

]
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R
S
S
Sy
NN

S
SR

S
SR

S

2

\7/)
<

5
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77
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7
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|

%
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~

Emissioni TOTALI
2024 12.746 tCO,
2040 - 4.075 tCO,

(-55%)

™ ‘) © /\ 100% energia
elettrica
'\,6” ’\96, f\,éb ’\,6‘, verde ‘

|
[ 3.308 tCO, (SCOPE 2) ]
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Net Zero 2040 — Protocollo ITACA
» Consumi (EE e ET)

SCOPE 2 Energia e efficientamento + Autoproduzione (PV)
+_Azioni tuning e alerting

W— ¢ Z = : Certificazione del

= ——— 0= o Protocollo ITACA

‘ e ; ! (edilizia universitaria) applicata alla
nuova edilizia

Nuova edilizia: ~65.000 m?2

Esempio: punteggio certificazione: 2-2,5 (max 5 p.ti)

>> (circa) -35-40% emissioni CO, rispetto alle emissioni di
un edificio standard

Politecnico
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Net Zero 2040 — Nature Based Solution

SCOPE 2 Energia e efficientamento + Consumi (EE e ET) J
AZIONI DI

MITIGAZIONE +
ADATTAMENTO

_ . . Aree verdi e spazi di
Terrazza della Biblioteca di Ingegneria (A) aggregazione (A) Green Walls (B)

(iR ae

‘- o Wi/ T
,/:; el | ol
kg of oxygen produced kg of carbon sequestered g of air pollution removed
per year per year per year
. .

Pareti verdi,

. . . green wall 433,9 1627 947,8
riprogettazione di

. . egea
aree verdi, viabilita e
average tree 100 25 800- 1400
. .
SpaZI dl source: www.sciencefocus com source: https:/ /ecatree.green; en source: Nowak. David ). 2020. Urban trees, air
quality and human health.
.
aggregazione
gree:qv:i‘\la::i?eflts 4,3trees 6,5 trees 0,6- 1,2 trees
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Scala di dettaglio territoriale, celle 3x 3 x 4 m.

13 Marzo 2024
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Vignhaurbana - Campus Grapes

Collaborazione con la start up Citiculture
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