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Politecnico di Milano is a large community 
of 48.383 enrolled students, of which 
7.482 architects, 4.694 designers, 36.207 
engineers, and 2.398 PhD students.
The staff consists of 1.812 full professors 
and 1.335 collaborators (technical and 
administrative staff).



The Department of Civil and Environmental Engineering

POLITECNICO DI MILANO 3

DICA includes 8 Sections:

 Structural Design, Diagnostics and Rehabilitation
 Environmental Engineering
 Geodesy and Geomatics 
 Hydraulic Engineering
 Mechanics of Materials and Structures
 Structures and Environment
 Transport Infrastructures and Geosciences
 Water Science and Engineering
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www.aware.polimi.it

2 associate professors: M. Grosso and L. Rigamonti

3 post-doc researchers: G. Dolci, F. Villa, S. Puricelli

6 PhD students: P. Barbato, G. Cavenago, S. Abagnato, M. J. Nichilo, M. Lilja, Q. Huang

5 research fellows: C. Tua, G. Brussa, M. Eid, F. Dei, S. Maggio

The AWARE Research Group at DICA
POLITECNICO DI MILANO



The AWARE Group – Teaching
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Life cycle thinking (LCT) assessment
• Methodologies for Life Cycle Thinking (MSc, Milano)
• Basics of LCA (PhD, Milano)
• Advanced LCA (PhD, Milano)

Waste management & sanitary environmental engineering
• Solid Waste Management and Treatment (MSc, Milano)
• Bio-energy and Waste-to-energy technologies (MSc, Piacenza)
• Sanitary environmental engineering (BSc, Lecco)

Climate change mitigation
• Mitigation of Climate Change (MSc, Milano)



The AWARE Group – Research
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Life cycle thinking (LCT) assessments  (life cycle assessment - LCA, life cycle costing -
LCC, social LCA) 
• LCT of waste management systems, technologies & prevention activities
• LCT of circular economy strategies
• Methodological developments of LCT 
• Carbon footprint of products and organizations

Integrated waste management
• Waste prevention
• Mass and energy balances of processes and integrated waste management systems
• Biological treatments applied to food waste and bioplastics
• Recovery of residues from waste incineration
• Waste management in developing countries

Climate change mitigation
• Renewable energies and biofuels
• LCT of carbon capture and utilization
• Negative emission technologies 



PhD thesis – MFA and LCA applied to textile waste management

POLITECNICO DI MILANO 7

• Support regional policies about textile waste
• Integrated waste management system: reuse, open and closed-loop recycling

(mechanical and chemical), energy recovery and landfill
• Analysis of current and future scenarios

Abagnato S., Grosso M. Rigamonti L., 2024. “Life 
cycle assessment applications to reuse, recycling 
and circular practices for textiles: a review”. Waste 
Management 182, 74–90. 
https://doi.org/10.1016/j.wasman.2024.04.016. MFA for post-consumer textile waste in Lombardy in year 2021 

(values in tonnes per year)



LCA and waste management in Lombardy Region
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PRIN 2006

“GERLA project”: LCA of the municipal solid waste management system implemented in 
Lombardy region used by the regional government n the preparation of the new municipal 
waste management plan 
Rigamonti L., Falbo A., Grosso M. (2013). “Improving integrated waste management at the regional level: the case of Lombardia”. Waste 
Management & Research, 31(9), 946-953. https://doi.org/10.1177/0734242X13493957
Rigamonti L., Falbo A., Grosso M. (2013). “Improvement actions in waste management systems at the provincial scale based on a life 
cycle assessment evaluation”. Waste Management, 33, 2568-2578. https://doi.org/10.1016/j.wasman.2013.07.016

LCA of WEEE (Waste Electrical and Electronic Equipment) management system 
implemented in Lombardia region
Biganzoli L., Falbo A., Forte F., Grosso M., Rigamonti L. (2015). “Mass balance and life cycle assessment of the waste 
electrical and electronic equipment management system implemented in Lombardia Region (Italy)”. Science of the Total 
Environment 524–525, 361–375 https://doi.org/10.1016/j.scitotenv.2015.04.041
Rigamonti L., Falbo A., Zampori L., Sala S. (2017 ). “Supporting a transition towards sustainable circular economy: 
sensitivity analysis for the interpretation of LCA for the recovery of electric and electronic waste”. International Journal of 
LCA, 22, 1278-1287 https://doi.org/10.1007/s11367-016-1231-5

Borghi G., Pantini S., Rigamonti L. (2018). “Life cycle assessment of non-hazardous construction and demolition waste (CDW) 
management in Lombardy region (Italy)”. Journal of Cleaner Production, 184, 815-825. 
Pantini S., Borghi G., Rigamonti L. (2018). “Towards resource-efficient management of asphalt waste in Lombardy region
(Italy): Identification of effective strategies based on the LCA methodology”. Waste Management, 80, 423-434. 
Pantini S., Marta G., Rigamonti L. "A LCA study to investigate resource-efficient strategies for managing post-consumer gyp-
sum waste in Lombardy region (Italy)". Journal of Resources, Conservation and Recycling,147, 157-168.

LCA of the construction and demolition waste management system implemented 
in Lombardy region



LCA of waste prevention activities at product 
level:
 to verify if (and when) a reduction in waste 

generation implies also a reduction in the overall 
environmental impacts

Inclusion of the LCA of each waste prevention 
activity in the LCA of integrated waste 
management systems: 
 to evaluate whether the examined waste prevention 

activities are actually capable of improving, and to 
which extent, the overall environmental performance 
of the integrated waste management system

 to understand the potentiality of each activity
 to compare the different waste prevention activities

F.U.: the consumption of 152 litres of drinking water by one Italian citizen

LCA and waste prevention activities
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 Preventing the generation of waste does not automatically 
imply a better overall environmental performance (e.g. 
water from public fountains if car is used)

 Burden shifting may play a role (e.g. impacts of the tank 
used in the bulk distribution of detergents)

 Compared to traditional waste management and treatment, 
the effectiveness of waste prevention activities is strongly 
dependent on the behaviour of citizens/consumers

 Prevention activities have different potential to reduce 
waste and environmental impacts of the overall system

An LCA-based guidance is needed to support 
local authorities wishing to implement waste 

prevention practices, as well as for citizens to 
make such practices really effective

Waste generation (laundry detergent)
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Nessi S., Rigamonti L., Grosso M. (2012). “LCA of waste 
prevention activities: a case study for drinking water in Italy”. 
Journal of Environmental Management, 108, 73-83.
Nessi S., Rigamonti L., Grosso M. (2014). “Waste prevention in 
liquid detergent distribution: a comparison based on life cycle 
assessment”. Science of the Total Environment, 499, 373-383.
Dolci G., Nessi S., Rigamonti L., Grosso M. (2016). "Life cycle 
assessment of waste prevention in the delivery of pasta, 
breakfast cereals and rice". Integrated Environmental 
Assessment and Management, 12(3), 445-458. doi: 
10.1002/ieam.1756. 
Dolci G., Tua G., Grosso M., Rigamonti L., (2016). “Life Cycle 
Assessment of consumption choices: a comparison between 
disposable and rechargeable household batteries”. International 
Journal of Life Cycle Assessment, 21, 1691-1705.

LCA and waste prevention activities
POLITECNICO DI MILANO
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LCA and waste prevention activities
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Nichilo M.J.F.N., Cavenago G., Grosso M., Rigamonti L., 2025. Quantification of the environmental benefits of the reuse of goods. Environmental 
Science and Pollution Research. https://doi.org/10.1007/s11356-025-36788-4

Quantification of the environmental benefits of the reuse of goodsmethodology to 
quantify the environmental impacts associated with the reuse of goods, by developing an 
ad-hoc model based on LCA

I = I +  I  × r , × r ,
rA,s : substitution rate it indicates whether
the purchase of a used good actually
replaces the purchase of a new good

rA,q : quality rate it explains the quality of a
used good in terms of expected average life
(how long the used good lasts compared to
the new good)



LCA and packaging re-use
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PRIN 2006

Aims:
 Identification of the types of reusable packaging
 Qualitative and quantitative characterisation
 LCA of the process of regeneration and single-use vs reusable packaging Project financially 

supported by the 
National Packaging 
Consortium – CONAI

Rigamonti L., Biganzoli L., Grosso M. (2019). “Packaging re-use: a starting point for its quantification”. Journal of Material Cycles and Waste Management, 21, 35-43. 
Biganzoli L., Rigamonti L., Grosso M. (2019). “LCA evaluation of packaging re-use: the steel drums case study”. Journal of Material Cycles and Waste Management, 
21, 67-78. 
Biganzoli L., Rigamonti L., Grosso M. (2018). “Intermediate bulk containers re-use in the circular economy: an LCA evaluation”. Procedia CIRP, 69, 827-832. - .
Tua C., Biganzoli L., Grosso M., Rigamonti L. (2019). “Life Cycle Assessment of Reusable Plastic Crates (RPCs)”. Resources, 8 (2), 110, 
https://doi.org/10.3390/resources8020110
Grisales V, Tua C, Rigamonti L., 2022. “Life cycle assessment of bottled mineral water for the hospitality industry in Northern Italy”. Packaging Technology and 
Science, 35, 301–314. doi:10.1002/pts.2628
Cottafava D., Brussa G., Cavenago G., Cespi D., Rigamonti L., Bala A., Beigbeder J., Refalo P., Sazdovski I., 2024. “Requirements for 
comparative life cycle assessment studies for single-use and reusable packaging and products: recommendation for decision and 
policy-makers”. The International Journal of Life Cycle Assessment 29, 909–911. https://doi.org/10.1007/s11367-024-02291-0.



LCA of deposit return systems (DRS)
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DRS are systems where selected types of packaging are charged an additional fee (the deposit)
when they are purchased, which is fully returned when they are taken back after their use.

This is generally achieved with automatic machines (RVM – Reverse Vending Machines), which
are able to recognise the type of packaging and to check whether this is actually part of the DRS
system.

Packaging and Packaging Waste Regulation (2025)  Requirement to achieve 90% collection
rate of PET bottles and aluminium cans

DRS in Italy:
Analysis of current source separation, selective collection with “rewards” and DRS for
PET bottles by applying a Material flow analysis (MFA)and a comparative LCA analysis
in two specific geographical scopes (Milan city and Pescara Province)

Results depend on the collection logistics (km/t) and on the assumptions about the
take back (% of users who use the car, distance travelled, allocation of the journey
between the return and other activities)



LCA to support projects of waste treatment plants
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LCA analysis to support future authorization processes related to the 
construction of plants based on this technology in the Lombardy 

Region

- Carbon Footprint (Procedura PAUR n.55-23; Regione Veneto, 2023)
- LCA and LCC analyses (Procedura PAUR n.40-24; Regione Veneto, 2024)

2 MONO-INCINERATION PLANTS OF SEWAGE SLUDGE generated in civil wastewater treatment plants

ANAEROBIC DIGESTION PLANT for the treatment of CATTLE LIVESTOCK WASTE  production of 
DIGESTATE and BIOMETHANE

LCA and LCC methodologies were used to support the authorization processes for the construction of new plants for the 
treatments of solid urban waste, wastewater, and livestock waste in the northern Italy
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LCA was used to support the industrial development plan of a waste 
management company in Northern Italy. This plan included the 

modernization of the current waste-to-energy plant and the 
construction of new treatment lines both upstream and downstream 

of the energy recovery process

MATERIAL and ENERGY RECOVERY PLATFORM for URBAN and SPECIAL SOLID WASTE

AWARE revised this LCA study and it was included as technical 
document in the request for the verification of the need for a 

provincial Enviromental Impact Assessment
(code VER0127-MB; Regione Lombardia, 2024)

UPGRADING OF A WASTEWATER TREATMENT PLANT (ARERA RESOLUTION 917/2017/R/IDR)

LCA to support projects of waste treatment plants
LCA and LCC methodologies were used to support the authorization processes for the construction of new plants for the 

treatments of solid urban waste, wastewater, and livestock waste in the northern Italy
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PhD thesis – LCA applied to alternative fuels for the 
automotive

Electricity CI
(gCO2,e/kWh)

Country

0Surplus (S)
18Norway (NO)
30Sweden (SE)
52Iceland (IS)
77France (FR)

146Finland (FI)
151Denmark (DK)
201Spain (ES)
262Portugal (PT)
339Slovenia (SI)
347Italy (IT)
421Germany (DE)
905Poland (PL)



Assessment of alternatively fueled vehicles
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Life cycle assessment of innovative fuel blends for 
passenger cars with a spark-ignition engine

Puricelli S., Costa D., Rigamonti L., Cardellini G., Casadei S., Koroma MS., Messagie M., Grosso 
M. (2022). “Life Cycle Assessment of innovative fuel blends for passenger cars with a spark-

ignition engine: A comparative approach”. Journal of Cleaner Production 378, 134535.
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Life cycle assessment of an innovative blend of 
LPG, bio-LPG, and renewable DME for bi-fuel 

passenger cars

For the ICEV, four innovative petrol blends were considered that 
consist of petrol and fuels such as fossil ethyl tert-butyl ether 

(ETBE), bio-ETBE, bionaphtha, bioethanol, methanol, biomethanol, 
and e-methanol

Puricelli S., Eid M., Casadei S., Dolci G., Lixi S., van den Oever A., Rigamonti L., 
Grosso M., 2025. “Life cycle assessment of a partially renewable blend for bi-

fuel passenger cars and comparison with petrol and battery electric cars”. 
Journal of Cleaner Production, 505, 145347. Pp 1-12. 

https://doi.org/10.1016/j.jclepro.2025.145347
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Collaboration with

Puricelli S., Casadei S., Bellin T., Cernuschi S., Faedo D., Lonati G., Rossi T, Grosso M. (2022). “The effects of innovative blends of petrol with renewable fuels on the exhaust 
emissions of a GDI Euro 6d-TEMP car”. Fuel 294, 120483.

Real driving conditions tests

Assessment of alternatively fueled vehicles



PhD thesis – Prospective sustainability assessment of
energy transition in Finland

• Analyzing energy transition pathways from all three perspectives of sustainability, with the 
ambition to combine the results of the three analyses

• A multi-criteria analysis framework will be developed to combine the different sustainability 
perspectives to gain a holistic view of the impacts, potential hotspots, and trade-offs

• Research questions:

1. How to quantify the environmental performance of future energy scenarios by utilizing 
prospective LCA (pLCA) with dedicated life cycle inventory (LCI)?

2. What are the positive and negative social impacts of the different energy scenarios?

3. What are the economic impacts of the different energy scenarios?

POLITECNICO DI MILANO

In collaboration with LUT University



PhD Thesis - LCA of photovoltaic plants in Atacama desert 
20POLITECNICO DI MILANO

Soler D., Rigamonti L., Gazbour N., 
Fuentealba E., 2025. “Environmental 
performance of a 1 MW photovoltaic
plant in the Atacama Desert: A life 
cycle assessment study”. Solar 
Energy 292, 113454. 
https://doi.org/10.1016/j.solener.20
25.113454

By Denet Soler, PhD Program in Solar Energy at the Universidad de Antofagasta (Cile), 2023 



LCA of a floating offshore wind farm in Italy
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Characteristics
190Number of wind turbines
14,7 MWNominal power 
2,8 GWWind farm total power
30 yearsLifetime
34,4%Capacity factor (CF)*
8,8 TWh/yearAnnual energy production

Other elements
190Floating structures (semi-submersible)
3Offshore transformer stations
1.112 kmInter-array submarine cables length
690 kmExport submarine cables length
75 kmOnshore export cables length

Application of LCA to renewable energy technologies:
• almost burden-free during the operational phase,
• potential environmental burdens associated with the upstream and 

downstream processes (resources and energy consumption)
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POLITECNICO DI MILANO

Brussa G., Grosso M., Rigamonti L., 2023. “Life cycle assessment of a floating offshore wind farm in Italy”. Sustainable Production and 
Consumption, 39, 134-144. https://doi.org/10.1016/j.spc.2023.05.006

1 GWh of electricity by the modelled floating offshore wind (FOW) farm vs 1 GWh by the Italian national grid (with 2018 electricity mix)



PhD thesis – Absolute LCA applied to waste management
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Richardson et al. Earth beyond six of nine planetary
boundaries. 2023 
https://www.science.org/doi/10.1126/sciadv.adh2458

FUNDAMENTAL QUESTION: Given the portion of PB 
assigned 1to «waste treatment in Italy», how can we 
distribute this portion among different waste treatments 
to stay within the limits?
1 different metric of different distributive justice theories can be used



PhD thesis – Comparative Analysis of LCSA Methodologies: 
Effectiveness and Alignment with SDGs

focus on:

 two LCSA method frameworks

 comparative case studies

 sustainable hotspots

 negative impacts

 differences between the two models 

 This thesis aims to enhance Life Cycle Sustainability Assessment (LCSA) methodologies to
support sustainable development aligned with the United Nations Sustainable Development Goals
(SDGs).

 It evaluates LCSA's components—Life Cycle Assessment (LCA), Life Cycle Costing (LCC), and Social
Life Cycle Assessment (S-LCA)—through case studies to test different LCSA methods. The study
seeks to identify best practices, address methodological challenges, and develop a framework for
effective policy integration.

POLITECNICO DI MILANO



Carbon footprint of products and organisations
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CARBON FOOTPRINT on REPRESENTATIVE
PRODUCTS from the TREATMENT of END OF 

LIFE VEHICLES

• identification of the main hotspots across their 
production 

• definition of strategies for impacts reduction 
• communication of the impact profile to the final 

users

ORGANISATION
CARBON FOOTPRINT 

quantification of the Green 
House Gases (GHG) 

emissions of the company, 
aiming at defining a reduction 

plan
Multi-functional platform in 
Brescia (Lombardy Region, 

Italy) for treating and 
recovering special hazardous 

and non-hazardous waste

GHG emissions of CATEGORY 1 (direct
emissions) + CATEGORY 2 

(indirect emissions from imported energy)

FERRO PROLER RESAL ALUMINIUM



Polimi LCA Network
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 A new network (13/11/2024) at Polimi composed of
more than 60 researchers and professors who apply
the Life Cycle Assessment (LCA) methodology in
different fields

 The network consists of 16 research groups belonging
to 8 different Departments of Polimi (DABC, DCMC,
DDESIGN, DEIB, DICA, DENG, DIG, DMEC). Thematic
areas: Construction, Energy and Transport, Agri-food
Chains, Materials, Policies, Products and Capital Goods,
Manufacturing Processes, Chemical Products and
Processes, Facilities and Infrastructures, Waste, Water
and Soil Treatment, Methodological Developments

 The initiative has been proposed by prof. Lucia
Rigamonti of the research group AWARE (Assessment
on WAste and REsources) of DICA

16 RESEARCH GROUPS
8 DEPARTMENTS

https://www.polimi.it/sviluppo-sostenibile/ambiente/polimi-lca-network
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Polimi LCA Network: objectives and activities 

Support to the University
Support University management choices concerning training for technical and administrative staff, and 
the development of innovation and experimentation initiatives pursuing environmental, social and 
economic sustainability.
 Basic Course on LCA for technical and administrative staff (Supplies & Facility Management Division, 

and HR and Organizational Development Division)
 Support in preparing the tender for cleaning and for the vending machines

Research
Provide interdisciplinary support to companies and public bodies with research and consulting activities 
on sustainability issues (environmental, social and economic), and circular economy; participate in 
European projects.

University teaching  
Strengthen the presence of the LCA methodology in Polimi teaching; organise thematic seminars in 
master’s degree courses offered by the University
New PhD Course: “Advanced Models and Methods for LCA”
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Polimi LCA Network: objectives and activities 

Corporate responsibility
Communicate the University's LCA skills externally by organising events; carry out teaching activities in 
schools of all levels, for professional bodies, etc.; support decision-making processes at various levels; 
create a network between research fellows and PhD candidates to share professional and non-
professional activities.
 LCA course (theory and application) organised together with the Association of Engineers of the 

Province of Milan
Webinar by the Joung Researchers Group (January 15th)

Internal networking
Provide mutual support/feedback on research activities carried out by the network groups; transfer 
expertise and collaborate in research/consulting activities with colleagues in the network
 Creation of a mailing list
 Organization of aperitifs among young researchers



Questions?
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Prof. Lucia Rigamonti 
lucia.rigamonti@polimi.it lcanetwork@polimi.it
https://www.aware.polimi.it/ http://linkedin.com/company/polimi-lca-network


