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If the Healthcare Industry was a country, it
would be the 5th largest polluter on Earth

Source: Pichler PP et al: International comparison of health care carbon 
footprints. Environ. Res. Lett. 2019; 14 064004.

The healthcare sector is accountable for over 
10% of all carbon emissions worldwide

Source: Romanello et al., 2023
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Background: Need for climate-resilient and 
sustainable healthcare facilities

3

Source: WHO guidance for climate-resilient and environmentally sustainable health care facilities, 2023

Climate resilience and environmental sustainability in health care facilities
Framework for building climate-resilient and environmentally sustainable health care facilities

• Minimizing negative impacts
• Protect the health and well-being

• WHO’s fundamental requirements for 
providing safe and quality care

1
2

4
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70%
ARE MORE OBSOLETE THAN THE 
OPTIMAL LIFECYCLE
D&H LAB, 2022

EUROPEAN 
HOSPITALS

+90%
INCREASE IN ELECTRICITY COSTS FOR HEALTHCARE 
COMPANIES (2021-2022)
AGENAS, 2023

COSTS? 800
ALLOCATION 2023 FOR THE MODERNIZATION 
OF HEALTHCARE INFRASTRUCTURES
LOMBARDIA REGION, 2023

MILIONS

50
WILL BE ASKED TO DECLARE THEIR 
SUSTAINABILITY LEVEL 
CSRD DIRECTIVE (EU)

HOSPITAL
GROUPS

Background & Research Gap: measuring 
sustainability in healthcare facilities

LACK OF GUIDELINES AND STAKEHOLDERS INVOLVEMENT

4
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Methodology: 
developing a Research Partnership

General Objectives JRPHI*
Definition of Evidence and Practice Based guidelines for 
the Next Generation Hospital ®

Specific Objective
Survey of the requirements framework, sustainability 
indicators, and constraints of the main stakeholders

• *Research Partnership between tra PoliMI, healthcare facilities and healthcare companies
• Advisory Board with differnet national and international healthcare institution (AGENAS, ISS, Ministry of Health, UNI, WHO,…)

5

to learn more about the
Research Partnership

Healthcare
Infrastructures
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7 Architecture and Engineering Company
2 Construction Companies
9 Suppliers / Developers
3 Facility Management Companies
9 Hospital / Socio-sanitary
1 Insurance companies
2 Specialist Consultant

+43% FROM 2022
33 PARTNERS 2023

focus 
group

Board
Meeting

Plenary
Meeting
JRP HI

Legislative
Groups

NEXT 
GENERATION 
HOSPITAL

Companies 

Policy Making
Institutions

Research
Bodies

Methodology: 
developing a Research Partnership
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to learn more about the
Research Partnership

Methodology: 
developing a Research Partnership
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to learn more about the
Research Partnership

Healthcare
Infrastructures

• Thematic Tables • Workshop • Scientific dissemination events

Methodology: 
developing a Research Partnership
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Methodology: Needs Recognition

39

THE NEXT GENERATION HOSPITAL - Verso la definizione di requisiti prestazionali per l’Ospedale del Futuro tecnologico e resiliente al cam
biam

ento

la costruzione) e non prestazionale. E’ pertanto 
necessario fornire strumenti strategici innovativi 
e portare evidenze solide a supporto dei vantaggi 
che l’incremento dell’investimento nelle fasi iniziali 
di progettazione e costruzione (5-10 anni) può 
portare durante la fase di gestione (40-50 anni). 
Emerge inoltre che l’applicazione di nuove 
tecnologie (soluzioni, strumenti e servizi digitali) 
può aiutare le Committenti a perseguire l’obiettivo 
della riduzione dei costi operativi, dell’incremento 
dell’efficienza dei processi e della soddisfazione dei 
pazienti (elementi ricorrenti nel periodo di esercizio 
della struttura sanitaria). 

In considerazione dell’autorevolezza del Poli-
MI e della presenza di UNI, l’ente nazionale di 
normazione con il suo Direttore generale all’in-
terno dell’advisory board del JRP-HI, è emersa 
l’opportunità di perseguire l’ambizione di caratte-
rizzare la guida operativa mediante l’individuazio-
ne di opportuni criteri misurabili (di efficienza, di 
resilienza, di sicurezza, di flessibilità e di sostenibi-
lità) che consenta una classificazione delle carat-
teristiche principali del Next Generation Hospital. 
 
I tavoli hanno contribuito a:

• Proposta di una caratterizzazione dello Smart 
Hospital ovvero di Ospedale del Futuro (o 4.0) 

come Next Generation Hospital;

• Individuazione dei KPI ovvero dei criteri di 
classificazione dell’ospedale del futuro;

• Condivisione di casi studio da esaminare nella 
seconda parte dell’anno che ci consentano di 
aggiungere valore alla guida operativa;

• Promuovere una cultura condivisa tra i 
partner con l’opportunità di strutturare 
le gare d’appalto con l’obiettivo di: 

 o Non separare la progettazione/costruzione 
dell’infrastruttura “fisica” da quella clinica 
e organizzativa;

 o traguardare indicatori sintetici quali ad 
esempio il ritorno dell’investimento (Return 
on Investment – RoI) fin dalla definizione 
del quadro esigenziale, nell’elaborazione 
della progettazione, nella realizzazione 
dell’opera e nella conseguente gestione; 
quindi far diventare prioritaria l’attenzione 
alla gestione operativa della struttura 
sanitaria (valorizzando il rapporto tra 
incremento dei costi di investimento 
iniziale CAPEX e dil risparmio sui costi 
operativi OPEX).

CAPITOLO 4PROCESSO METODOLOGICO

I quattro tavoli di lavoro durante la Plenaria del 20 giugno 2022

• Web-based Survey
• Interviews
• 30 stakeholders
• 6 working groups

Ø Needs
Ø SDGs
Ø Constraints and drivers

9
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Methodology: Web-based Survey

10

QUESTION EVALUATION METHOD

Q1:  Assessment of the priority of sustainability for healthcare organizations;
Likert scale 1-5

Q2: Assessment of the resources allocated for the implementation of sustainability strategies
Likert scale 1-5

Q3: existence or non-existence of a tool to measure sustainability performances. 
The possibility to briefly describe existing tools adopted by the organization to measure the performances (open 
answer)

Yes/no
Open answer

Q4: Indication of the main constraints that hinder the implementation of sustainability strategies. Multiple selection (from a list of items proposed by the 
questionnaire)

Q5: Indication of the main drivers that favor the implementation of sustainability strategies Multiple selection (from a list of items proposed by the 
questionnaire)

Q6: The existence or non-existence of case studies or innovative procedures, concrete experiences related to 
sustainability and its description Open answer
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Results: SDGs priorities for strategic hospitals managers 
and healthcare sector companies
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Results: Constraints and Drivers for Sustainability 
Performance Improvement in Healthcare Facilities 

• Budgetary concerns

• Lack of Innovative strategies in day-to-day 
operations for sustainability improvement

• Inadqeuate and outdates healthcare 
infrastructure of the healthcare facility

• Shortage of adequately trained personnel

• Innovative construction systems and energy intensive 
plants;

• Environmental protocols and sustainability certifications;

• Specific training for healthcare staff;

• Next Generation EU (PNRR) Funds;

CONSTRAINTS
LIMITING SUSTAINABILITY IMPROVEMENTS

DRIVERS 
ENCOURAGING SUSTAINABILITY IMPROVEMENTS
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prioritize low energy consumption and 

environmental control.

Results: Sustainability Challenges for Next Generation 
Healthcare Infrastructures

reduce land consumption and enhance existing 
infrastructures, where possible

Perform life cycle assessment in the 
procurement phase

Implement the use of evidence-based 
assessment models

Reinforcing sustainability performances in health facilities encompasses aspects of the architecture, building 
components and impact on surroundings and other management considerations.
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Case study: Hospital Paris Nord

Location: Saint Ouen sur Seine, France
Client: Assistance Publique Hôpitaux de Paris

Date: 2019 - Ongoing
Architect: RPBW Architects (Renzo Piano Building Workshop)

• Reduced physical footprint
• Compact hospital
• Green roof

• Ability to follow the sun 
throughout the seasons

• Performance, adaptability and 
efficiency

Source: https://www.rpbw.com/

The Grand Paris-Nord University Hospital, 
is a cutting-edge medical establishment, 
focusing on people and performance, and 
quite simply ideally designed to face the 
growing needs of the greater Paris region 
for the decades ahead.

Challenge 1: Urban Regeneration
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Case study: Radboudumc Main Building 

Location: Nijmegen, The Netherlands
Client: Radboudumc

Date: 2022
Architect: EGM architects

• Compact hospital
• Prefabricated components

• Solar panels
• Thermal-storage installation and 

water-saving measures
• Material-saving main structure
• Slender floor slabs

Source: https://egm.nl/

The new main building at Radboudumc 
offers a friendly and warm welcome.
This is where the mission of Radboudumc 
comes to life: sustainable collaboration for 
personalized care that benefits public 
health.

Challenge 2: Optimise energy consumption
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Challenge 3: Study the Life Cycle
Case study: Polo chirurgico San Raffaele – Iceberg

Location: Milano
Client: Irccs Ospedale San Raffaele

Date: 2021
Architect: Mario Cucinella Architects

• Green areas

• Natural light
• Reduction of thermal loads 

caused by solar radiation
• High energy efficiency of 

systems and building envelope

The New Surgical and Emergency Center 
is a state-of-the-art facility entirely focused 
on the principles of hospital humanization. 
The project translates into the design 
choices the most recent sustainability 
solutions available.

Source: https://www.mcarchitects.it/
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Challenge 4: Evidence-based assessment
Case study: SustHealth ESG

Measuring Environmental, Social and Governance Sustainability of Hospital organizations

SustHealth ESG - Dashboard

3. GOVERNANCE QUALITY (G)

2. SOCIAL QUALITY (S)

1. ENVIRONMENTAL QUALITY (E)

1.1

1.2

1.3

1.4

1.5

HOSPITAL 2

2.1 Sustainabile 
policies & education

2.3 Energy 
Management

2.2 Waste 
Management

2.4 IEQ confort 
& wellbeing

2.5 Wayfinding
& ergonomics

HOSPITAL 1

FASTRELIABLE SCALABLE



A. Brambilla et al.   |   2024   |   Sustainability of the Next Generation Hospital 18

CRITERION   3.1 Patient Safety (PS)

SRF Weights       Macro area:         Criterion:

Clinical Risk Management (CRM)

 MEASURABLE VARIABLES                                           unit        ratio

INDICATOR 3.1.1

i) Health Acquired Infections (HAI) incidence in the last year is lower than 
EU average, reported in the largest and most reliable survey.

ii) The organization apply structured tools for proactive clinical risk analysis 
(i.e. IDEF, Human HAZOP, SHELL, FMECA, SWIFT, etc.).

--- type your answer here ---

--- type your answer here ---

What is the incidence of HAI (Hospital Acquired Infection) in the past year? What is the calculation 
method?

What methodologies are used for clinical risk analysis?

%

-

--- document code ---

--- document code ---

0
no

0
no

1
yes

1
yes

HAI < 4.8-7.2 

yes/no

Description: 

Intent:  

Sources:

Impact:      

MACRO AREA   3. ORGANIZATIONAL QUALITY (O)

Individual Health           Environment  Organization                

W= 49.17% w= 17.80%

To implement best practices for the management of 
risks and the improvement of patient safety, also in 
regards to the built environment
CHD-CHC; Taylor & Hignett, 2016; Elf et al., 2020; 
Dickerman & Barach, 2008

The role that the built environment has in affecting 
health-related outcomes has been recognized 
since the second half of the nineteenth century. In 
particular, the built environment can act as a barrier 
or enhancement to achieving the desired results. 
Substantial evidence suggests that the design of 
hospital physical environments contributes to medical 
errors, increased rates of infection and injuries from 
falls, and to slow patient recovery and high nurse 
turnover

CRITERION   2.1 Sensitization and Policies (SP)

SRF Weights       Macro area:         Criterion:

Sustainable Food Provision (SFP)

 MEASURABLE VARIABLES                                           unit        ratio

INDICATOR 2.1.1

i) The organisation monitors or controls the presence of certified, seasonal 
and/or km 0 food products.

ii) The organization provide or control the presence of structured program 
for food waste reduction.

--- type your answer here ---

--- type your answer here ---

What kind of sustainability certification is required when purchasing food products/services? Is 
there seasonal, eco/bio, km0 certification among the requests?

Is there an awareness/actions to limit/reuse food waste ? 

-

-

--- document code ---

--- document code ---

0
no

0
no

1
yes

1
yes

yes/no

yes/no

Description: 

Intent:  

Sources:

Impact:      

MACRO AREA   2. ENVIRONMENTAL QUALITY (E)

Individual Health           Environment  Organization                

W= 28.98% w= 18.33%

Foster sustainability as important value through 
education and policies addressed to staff, patients 
and visitors.
Moran et al, 2016; Physicians Committee Hospital 
Food Report, 2017; Academy of Nutrition and 
Dietetics, 2018; WELL v2, 2019; Norton et al., 2014

Organisations are increasingly introducing 
sustainability policies to encourage environmentally 
friendly behaviours. Employees’ green work 
climate perceptions  (i.e., how they perceive their 
organisations’ and co-workers’ orientations towards 
environmental sustainability) can mediate and 
improve the overall search for sustainability within the 
organization.

CRITERION   1.1 Sustainable Accessibility (SA)

SRF Weights       Macro area:         Criterion:

Public Transport Accessibility (PTA)

 MEASURABLE VARIABLES                                           unit        ratio

INDICATOR 1.1.1

SCORE:

i) Presence of a public transport network node (or dedicated private 
service) within a pedestrian distance (d) of 500m from the main entrance.

ii) Presence of a public (or dedicated private) transport service with a 
frequency (f) of 15 min during peak hours. 

--- type your answer here ---

--- type your answer here ---

Is there a dedicated public transport or private service? How far from the main entrance?

How often is public transport or private service available during peak times? 

m

min

--- document code ---

--- document code ---

0
no

0
no

1
yes

1
yes

d < 500

f < 15

Description: 

Intent:  

Sources:

Impact:      

MACRO AREA   1. SOCIAL QUALITY (S)

Individual Health           Environment  Organization                

---/2

W= 21.86% w= 16.18%

Ensuring smooth and rapid access to the hospital for 
all users even without private means of transport.

LEED for Healthcare; Syed et al, 2013; American 
Hospital Association (AHA), 2017; Zhang et al, 2020; 
Varela et al, 2019.

Several studies highlight that one of the barriers of 
healthcare access is the availability and affordability of 
transportation possibilities for reaching the hospital. 
Additionally, perceived distance and time burdens 
are mentioned as barrier to healthcare utilization. 
Hospital organization must provide sustainable and 
user-oriented strategies for reaching the building 
main entrance with specific regards to fragile and 
green users.

DATA COLLECTION

TESTED IN 
15 EU 

HOSPITALS

SustHealth ESG
Assessment

REPORT

SustHealth ESG
Advice

SustHealth ESG 
Report

OUTPUT

200 KPIs
BENCHMARK

IMPROVEMENT 
STRATEGIES

3. 
GOVERNANCE 

2. 
ENVIRONMENTAL

1. 
SOCIAL

SUSTHEALTH v2 ASSESSMENT TOOL

Challenge 4: Evidence-based assessment
Case study: SustHealth ESG
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Future Developments: Application of Evaluation framework 
Next Generation Hospital®
7 areas, 20 criteria, 95 performance requirements

2928

1.6
Le attività dell’anno 2023

Nel corso dell’anno 2023 sono stati 
effettuate le seguenti attività, 
rendicontate in occasione 

del Comitato Guida di fine anno: 
 
13 INCONTRI SOTTOFORMA DI FOCUS 
GROUP / TAVOLI DI LAVORO in modalità ibrida  
(in presenza, con la possibilità di interagire online).   
 
I tavoli di lavori per definire come sarà l’ospedale 
del futuro sono stati organizzati in tavoli di 
lavoro suddivisi in sei filoni principali, ovvero le 
linee strategiche che risulta necessario seguire 
per traguardare il Next Generation Hospital.  
I tavoli si sono tenuti in due momenti della 
seconda annualità, nel mese di Aprile, dove 
sono stati svolti i primi lavori di analisi, 
definizione della metodologia di lavoro e 
raccolta degli indicatori, e ad Ottobre, con una 
definizione e validazione delle strategie e degli 
esiti previsti l’anno 2023.  Durante questi incontri 
è stato stabilito il livello di dettaglio del Modello 
Funzionale e Prestazionale che si focalizzerà 
sulla definizione di requisiti e strategie per la 
realizzazione di nuovi ospedali, in particolare:

• Tavolo 1 - Progetto Funzionale: 
Coordinato da Politecnica, Med, Eredi 
Rossini, Webuild, si è incontrato in data 
6 Aprile e 6 Ottobre 2023. In questi focus 
group, grazie alla partecipazione di 
componenti dell’Advisory Board, sono 
state definite e clusterizzate le principali 
Macro-aree e Aree funzionali di un ospedale 
per acuti condividendone la terminologia e 
i contenuti funzionali omogenei a partire 
dai processi clinici e organizzativi. Questo 
tavolo fa propri i dibattiti circa la definizione 
di layout architettonici innovativi, le 
declinazioni specifiche dei temi di 
flessibilità e modularità, l’ottimizzazione 
dei flussi e della logistica, equilibrio tra 
produttività e allocazione delle risorse 

all’interno del sistema ospedale, il tutto 
sempre avendo in mente il tema della 
sostenibilità economica ed energetica delle 
singole scelte possibili. Relativamente alla 
distribuzione, assumono un ruolo centrale 
gli ingressi, da progettare di volta in volta 
tenendo conto del tipo di utente e dell’area 
funzionale di destinazione e la segnaletica, 
riconoscibile e dinamica, con attenzione 
ai tempi di attesa per gli ascensori, 
che generano disagio e abbassano il 
valore di qualità percepita in termini di 
“Customer satisfaction”. I percorsi devono 
seguire il principio della minima distanza 
ottimizzandosi specialmente tra le aree 
funzionali che lavorano in stretta sinergia 
come il Pronto Soccorso, la Terapia 
Intensiva e i reparti di Degenza Infettiva. 
Oltre all’ottimizzazione della logistica, per 
massimizzare la produttività, tracciare 
gli oggetti e per abbattere il numero 
crescente di depositi, sorge la necessità di 
definire le aree polmone, che grazie ad una 
pianta libera possano essere rapidamente 
riconfigurate secondo le esigenze sanitarie, 
attraverso una resilienza anche di tipo 
impiantistico. Inevitabilmente, il discorso 
sullo spazio fisico si integra con quello 
sulla digitalizzazione. Uno spazio più 
automatizzato, infatti, si traduce spesso 
in uno spazio più efficiente, sicuro dal 
punto di vista igienico-sanitario e ridotto 
negli sprechi. Lo spazio che si risparmia 
dove non necessario può quindi tradursi 
in spazio aggiuntivo per le camere di 
degenza, a prevalenza di tipo singolo. 
Queste dovrebbero fungere da spazi 
multifunzionali, servendo non solo come 
luoghi di ricovero, ma anche come ambienti 
per formazione, riabilitazione, terapia e 
accoglienza di visitatori, e accompagnatori.
All’interno del tavolo è emersa la necessità 
di definire univocamente l’elenco delle 

CAPITOLO 1 La Vision Next Generation Hospital® CAPITOLO 1La Vision Next Generation Hospital®
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Future Developments: Evidence Based Decision Making
HSBA ± HAMBURG SCHOOL OF BUSINESS ADMINISTRATION & POLITECNICO DI MILANO DEPARTMENT OF ABC  

MASTER THESIS FOR GLOBAL MANAGEMENT AND GOVERNANCE MSC 
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Table 13: Heat map on criteria level according to ownership type 

Ownership Private Non_Profit Public

1.1 Sustainable 
Accessibility (SA)

1.2 Security 
Enhacement (SE)

1.3 Involvement and 
Empowerment (IE)

1.4 Social Inclusion 
(SI)

1.5 Health Promotion 
(HP)

1.6 Visual 
Environment (VE)

2.1 Policies and 
Sensitization (PS)

2.2 Waste 
Management (WM)

2.3 Energy 
Management (EM)

2.4 Comfort 
Perception (CP)

2.5 Wayfinding and 
Ergonomics (WE)

3.1 Patient Safety 
(PS)

3.2 Survey and 
Monitoring (SM)

3.3 Future Proofing 
(FP)

3.4 Logistics and 
Efficiency (LE)

3.5 Technological 
Innovation (TI)

3.6 Facility 
Management (FM)
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Table 14: Heat map on criteria level according to patient beds  

Patient Beds 1-150 151-300 151-300 301-450 451-600 601-750 750+

1.1 Sustainable 
Accessibility (SA)

1.2 Security 
Enhacement (SE)

1.3 Involvement and 
Empowerment (IE)

1.4 Social Inclusion 
(SI)

1.5 Health Promotion 
(HP)

1.6 Visual 
Environment (VE)

2.1 Policies and 
Sensitization (PS)

2.2 Waste 
Management (WM)

2.3 Energy 
Management (EM)

2.4 Comfort 
Perception (CP)

2.5 Wayfinding and 
Ergonomics (WE)

3.1 Patient Safety 
(PS)

3.2 Survey and 
Monitoring (SM)

3.3 Future Proofing 
(FP)

3.4 Logistics and 
Efficiency (LE)

3.5 Technological 
Innovation (TI)

3.6 Facility 
Management (FM)
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3. RISULTATI DELLA RICERCA

Andrea Brambilla

Linee strategiche

2017

10 Aree critiche - Struttura

100%

50%

0%

1500 1600 1700 1800 1900 2000 2100

Hospital Obsolescence

Time

Le strutture fisiche sono infatti uno strumento che 
deve essere ottimizzato per facilitare le funzioni e i 
processi: oltre al contenitore, le macchine, le 
tecnologie, sono fondamentali gli strumenti e le 
modalità per la gestione e il controllo dei processi 
(M.Mauri)

• Qualità dell’aria
• Impianti
• Sicurezza
• Antincendio
• Segnaletica
• Arredo
• Pulizie
• Tecnologie medicali
• Rifiuti
• Materiali pericolosi

Capolongo S. Architecture for flexibility in healthcare. Milano: FrancoAngeli; 2012.
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