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Sustainable development

Development that meets the needs of the present
generation without compromising the ability of
future generations to meet their needs

World Commission on Environment and Development (the Brundtland report)
report “Our Common Future” (1987)
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i ent |
Environmen Viable

Rio Declaration on Environment and Development (1992)
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Railway environmental concerns

Reducing
energy and
carbon
emissions

Resource

Friendly use \
construction reduction
methods and :
Environmental recycling
sustainability '

Pollution |
prevention

Water
management
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Railway social concerns
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European regulation towards sustainability

COM (2003) 302 Communication of European Commission

Life cycle assessment provides the best framework for assessing the
potential environmental impacts of products currently available.
LCA is part of Integrated Product Policy strategy to reduce the
environmental impacts from products throughout their life-cycle.

COM (2008) 400 Communication of European Commission
Public procurement can make an important contribution to
sustainable consumption and production.
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European regulation towards sustainability

COM (2020) 98 Communication of

European Commission =l

The construction sector requires vast b
o . ~

amounts of abiotic resources and it CRCULAR R,

accounts for about 50% of all extracted ECONOMY

material and is responsible for over 35% of
the EU’s total waste generation. T g et
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Italian background

Decree of Ministry of Ecological Transition 23/06/2022
provides minimum environmental criteria (in Italian, Criteri
ambientali minimi CAM) to design and build construction works
D. Lgs. 31/03/2023, art. 57

confirms CAM are mandatory in all public construction projects
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Italian background

CAM consists of mandatory or voluntary requirements such as:

e atleast 5% by weight of concrete must contain secondary (i.e.,
recycled, recovered or by-product) raw materials,

e atleast 70% of non-hazardous demolition waste must be
prepared for re-use and recycling,

e atleast 60% of permeable surfaces,

* designers with LCA experience,

* |ow-impacting earthmoving machines,

* |ow-distance raw materials.
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Who needs an LCA? And why?

Product Development & Supply Chain Management &
Research & Development Procurement

Complying & Developlng Products Evaluating Suppllers

Marketing & Executive Level &

Sales Strategic Management
Communicats Competitive Edge Avold Risks, Lead Strategically

CO
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What is LCA?

Life Cycle Assessment (LCA) is a standardized method to evaluate the
environmental consequences of a product or activity across its entire

life.

Possible Life Cycle Models: A\
s\

from-cradle-to-gate | Life Cycle |

from-cradle-to-grave iy /

3D Ecochain
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How to do a LCA?

PCR (Product Category Rules - Regole di Categoria di Prodotto)
provide category-specific guidance for estimating and reporting
product life cycle environmental impacts when conducting the LCA.

oo I
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Product category rules for building materials

EN 15804:2019+A2 defines the setup of e
Environmental Product Declarations (EPD) in the “'j;‘f‘m;c:jri“fifNﬁh‘h"i:fjéu‘ }
construction industry. It provides core PCR for e
Type lll environmental declarations for any

construction product and service.
The assessment of social and economic
performances at the product level is not covered

by this standard.
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ISO 14000 - Environmental Management Standards

150 14001 Certification of Environmental Management Systems

15014010 Audit guidelines

150 14011 Audit methodology

1SO 14012 Qualification of auditors

150 14013-14015 Audit processes

150 14020-14025 Environmental labeling

150 1403114032 Environmental performance evaluation

IS0 14040 /14044 Life Cycle Assessment — General principles and practices

I1SO 14050 Terms and Definitions

1501901 Guide for management systems auditing
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ISO 14001: Environmental Management Systems

ISO 14000 FAMILY
Environmental Management Standards

= 150 14001
Environmental Management Systems

<) 1SO 14010-14015

% Environmental Audits
ISO 14010: GUIDELINES
1SO 14011: METHODOLOGY

ISO 14012: AUDITOR QUALIFICATION
IS0 14013-14015: AUDIT PROCESSES

= 15O 14020-14025
.~ Environmental Labeling

1SO 14021-14023: SELF-DECLARED LABELS
1SO 14024: THIRD-PARTY LABELS
1SO 14025: ENVIRONMENTAL PRODUCT DECLARATIONS

1SO 14040 / 14044
Life Cycle Assessment

1SO 14040: PRINCIPLES & FRAMEWORKS
1SO 14044: REQUIREMENTS & GUIDELINES
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1ISO 14040 / 14044: Life Cycle Assessment

1SO 14000 FAMILY
Environmental Management Standards

> 150 14001
Environmental Management Systems

150 14010-14015

B Environmental Audits

1SO 14010: GUIDELINES

1SO 14011: METHODOLOGY

ISO 14012: AUDITOR QUALIFICATION
1SO 14013-14015: AUDIT PROCESSES

~ 150 14020-14025
' Environmental Labeling

1SO 14021-14023: SELF-DECLARED LABELS
1SO 14024: THIRD-PARTY LABELS
1SO 14025: ENVIRONMENTAL PRODUCT DECLARATIONS

150 14040 / 164044
Life Cycle Assessment

1SO 14040: PRINCIPLES & FRAMEWORKS
1SO 14044: REQUIREMENTS & GUIDELINES
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ISO 14020-14025: Environmental Labeling

ISO 14000 FAMILY
Environmental Management Standards

= 150 14001
Environmental Management Systems

\.

1SO 14010-14015

A\ Environmental Audits

1SO 14010: GUIDELINES

IS0 14011: METHODOLOGY

ISO 14012: AUDITOR QUALIFICATION
IS0 14013-14015: AUDIT PROCESSES

1SO 14020-14025

' Environmental Labeling

1SO 14021-14023: SELF-DECLARED LABELS
1SO 14024: THIRD-PARTY LABELS
1SO 14025: ENVIRONMENTAL PRODUCT DECLARATIONS

1SO 14040 / 14044
Life Cycle Assessment

1SO 14040: PRINCIPLES & FRAMEWORKS
1SO 14044: REQUIREMENTS & GUIDELINES
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ISO 14041 / 14043: LCA framework

ISO 14041

ISO 14041

ISO 14042

Goal

1 | and scope
definition

\
—
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analysis
L
~_____

' \

- | Impact
_'5, assessment |
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Life cycle assessment framework \

)

4

| Interpretation

ISO 14043
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Four Phases of a Life Cycle Analysis . _ .

1. Definition of Goal and Scope

2. Inventory Analysis

3. Impact Assessment

4. Interpretation

ife cycle assessment fram \\\
I 3 - \ |
Goal ( ]
d
won. || ;
{ Direct applicatio
‘ -Product developi
s and improvemen
analysis I trategic planni
’ ‘ -Public policy m:
( Marketing
| impact
3 essment -Other
\ \ .»" / = "/’
.\ /,
r- o
5] . E .
L :
Goal & Life Cycle Impact
Scope Inventory y Assessment
& Interpretation
GO
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D ..
epartment of Civil and Environmental Engineering

Quick guide to Life Cycle Assessment (LCA)

WHAT'S THE ENVIRONMENTAL IMPACT OF
MY PRODUCT / COMPANY / SERVICE?

2

? Why ask?

Management

Make sustd ple decisions

/)

___) Product Development

Develop sustainable products

‘—\ r
) Sales & Marketing

Prove sustainable claims

) Supply Chain

Eind better suppliers

What is the ,Life Cycle”?

Stages:
- Raw Materials
- Processing

- Transport

- Retail / Use
- Waste

noves o1 NPT

——

Universita degli Studi di Perugia —

~

Goal & Scope
WHAT DO WE WANT TO MEASURE?

Define the product / company /
service you wont to measure

&

What system do we meagsure in?
Which ports of the life cycle?
Which impoct categary (CO2, water,..)?

What do we exclude?

Impact Assessment
TRANSLATE OURDATATO MPACTS

.-_rié. We look ot Life Cycle Databases (for
example Ecoinvent) and scientific
papers 10 define what the impact of
our Life Cycle Inventory is.

We sum up the impacts in category
totals - for example, Global Warming
potential (CO2).

&

LCA is a framework standardized by
1SO 14044 to measure this impact!
It's conducted in 4 stages:

5 Ecochain |

®

Life Cycle Inventory
COLLECT AND STRUCTURE OUR DATA

What data do we need? In this stage,
we collect all the inputs and processes
that we want to measure.

For example...

The row materiols and pil of matendls
The energy we use ond buy
Supplier dota
everything thot goes into and flows out of
the system we want to megsure!

20

Interpretation
\WHAT DOES ALL OF THS MEAN?

How high are our emissions?

How do our products compare? Can
we improve them?

=t

5
f® Can we improve our plocesses

\Whot are the biggest levers for us?

Prof. Laura Moretti

Sapienza University of Rome
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Phase 1: Definition of Goal and Scope . " ... ==

Interpretation
analysis - Strategic planning

-Public policy making

; . -Marketing
Impac! —

i

3 assessment | | -Other
System environment / System boundary \ / o
Raw material
Other acquisition
systems
Product Transports | p» -
flow ______» Elementary
> flows

Production Define

Functional Unit
Define
System

Elementary Energy
— - Use Define
flows supply Limits of Analysis
¢ Product
flow Other
Recycling/Reuse [ systems
Waste <
treatment
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Life cycle assessment framework

Goal \
1 and scope

Direct applications:

Phase 1: Definition of Goal and Scope .~ - =

| - Strategic planning
\

-Public policy making

| -Marketing
Impact -
3 L assessment |, -Other
J

\C A

BUILDING ASSESSMENT INFORMATION
T
1 SUPPLEMENTARY INFORMATION
BUILDING LIFE CYCLE INFORMATION ! BEYOND
- THE BUILDING LIFE CYCLE
I
]
Al1-3 A4-5 B1-7 Cc1-4 : D
]
I
PRODUCT CONSTRUCTION USE stage END OF LIFE : Benefits and loads beyond the
stage PROCESS stage stage ' system boundary
I
I
Al A2 A3 A4 A5 B1 B2 B3 B4 BS c1 C2 c3 c4 :
I
- c I
IR ¢ g5, gl e g5 || ¢ el - i Reuse-
HIERE g [l25d 2 slaf el Sl S5l % | g5 | @ : Recovery-
£Q 2 K 2 5§ ¢ 3 b g % 3 5 < £ 2 ' Recycling-
32 s ] g 28 4& £ 3 3 5 §k 8 o a ! Ad
& - ] = o £ s & ] 6 = a ] potential
4 = o -4 a I
]
]
scenario scenario scenario scenario scenario scenario scenario scenario scenario scenario scenario ]
I
]
I B6 Operational energy use I :
scenario :
| B7 Operational water use | :
]
seenario I
1
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Phase 1: Definition of Goal and Scope

The simplest LCA model (i.e., «from cradle to gate») includes the
modules Al to A3 to have the product stage.

Production
A3

i ll
J . J
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Phase 1: Definition of Goal and Scope

Further life cycle stages form the LCA “from cradle to gate with
options”. It adds C1 to C4 and D modules about end-of-life stage to
those about product stage.

— pu——
/

%

* Universita degli Studi di Perugia Prof. Laura Moretti XIX International SIIV Summer School s-rl—lr
ey Department of Civil and Environmental Engineering Sapienza University of Rome Perugia 4 - 8t September 2023 ° 'I




Phase 1: Definition of Goal and Scope .= .-

aaaaaaaaaa

nnnnnnnnn

The life cycle of a product according

to the system boundary leads to a A ')'.
“from cradle to grave” model. It > -

includes the stages of production

(modules Al to A3), construction LCA ﬁ
(modules A4-A5), use (modules B1- ﬂ; Astesemont

B7), and end-of-life (modules C1 to

C4 and D). QL P
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=
Phase 2: Life Cycle Inventory (LCl)

The LCl is the data collection phase of
a Life Cycle Assessment. Input and Life Cycle Inventory (LCI) - Flow Model
output flows are collected to model

them in the next phase — the Life o
Cycle Impact Assessment (LCIA).

: Universita degli Studi di Perugia Prof. Laura Moretti XIX International SIIV Summer School s-|=—=r
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Phase 2: Life Cycle Inventory (LCI)

-Product development |
and improvement

oy R Department of Civil and Environmental Engineering

Raw materials and production phase (modules Al to A3):
energy carriers, utilities, process emissions, production waste,
transport, raw materials, fuels ...
Use phase (modules B1 to B7):
transport to stores, average use & maintenance
End-of-life phase (modules C1 to C4 and D):
energy recovery, landfill, composting, or recycling
Universita degli Studi di Perugia Prof. Laura Moretti XIX International SIIV Summer School S'II—II'
Perugia 4 - 8t September 2023 snllulxnv
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-
/ Life cycle assessment framework

Phase 2: Life Cycle Inventory (LCl) oy ==

Interpretation

| -
- Iy
N /

- Strategic planning

-Public policy making

-Marketing

-Other

The data you need to make a product LCA +';

INPUT DATA: RETRIEVE FROM:

1. COMPANY - ENERGY USAGE, EMISSIONS, - FINANCE & SUSTAINABILITY DEPARTMENT.
AND WASTE.

2. PURCHASED AND USED RAW MATERIALS, - PURCHASING DEPARTMENT & GOOGLE MAPS.
TRANSPORT DISTANCES IN KM. (TYPE +
QUANTITY)

3. PER PROCESS: PRODUCT DISTRIBUTION, PROCESS ENGINEER, PRODUCT OWNER.
ENERGY USAGE, EMISSIONS. (TYPE + QUANTITY)

4. PRODUCTION COMPOSITION - BILL OF - PRODUCT OWNER & PURCHASING
MATERIALS, UNIT(S) & WEIGHT PER PRODUCT, DEPARTMENT.
PRODUCTION QUANTITIES.

. AIMTO WORKWITH AS MUCH PRIMARY DATA POSSIBLE
I‘:"l (AUTHENTIC DATA FROM SUPPLIERS).
l (D Ecochain
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Phase 3: Life Cycle Impact Assessment . _

Task 1: Selection of indicators and models
* Environmental impact categories

* Resource use

* Waste type

 OQutput flows

 (Other environmental information)
Task 2: Classification

Task 3: Impact Measurement

XIX International SIIV Summer School s,ll_lr
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/ Life cycle assessment framework \

Goal

1 and scope
definition
Direct applications:

Phase 3: Life Cycle Impact Assessment. . . ==

- Strategic planning

-Public policy making

-Marketing

-Other

Setting impact categories [ Classification Characterization Normalization Grouping Integration
Cadﬂﬁum \R_ H t ? 3 . . ..
Lead uman toxicity ———————> Contribution to human toxicity

Ecological toxicity ———— Contribution to ecological toxicity

VOCs _ S .
CFCs  — Formation of photochemical oxidants —> Contribution to ozone formation Human health
o ~ Ozone layer depletion——— Contribution to ozone layer depletion
SOZ Global warming———————— Contribution to global warming Ecosystem Single index
NO; —2 Acidification > Contribution to acidification
s_~d_,__F._3 Eutrophication———» Contribution to eutrophicatio Resources
Phosphoru > Resource consumption ——s Contribution to resource consumption =
Petf0|eumﬂ_____Fﬂ_> Land use » Contribution to land use
Land
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-~
/ Life cycle assessment framework

Goal
and scope E—
definition

Phase 3: Life Cycle Impact Assessment. ... ==

EN 15804:2019+A2 gives the characterization factors to cdmpare t'he
ability of different substances to cause the same environmental

impact and assess it.
IC = z CF,.(x) "INV (x)
X

where IC is the Impact Category, INV(x), and CF, (x) is the
characterization factor assigned to the substance x for IC calculation.
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Phase 3: Life Cycle Impact Assessment

Impact category
Climate change

Substances
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air
Air

kg CO2 eq

(unspecifiiCarbon dioxide

(unspecifiiCarbon monoxide

(unspecificChloroform

(unspecifii Cis-perfluorodecalin

(unspecifiiMethane, fossil

(unspecifiiPropane, 1-ethoxy-1,1,2,3,3,3-hexafluoro-
(unspecifiPropane, 1,1,1-trifluoro-, HFC-263fb
(unspecifiPropane, 1,1,1,2,2-pentafluoro-, HFC-245ch
(unspecifiPropane, 1,1,1,2,2,3-hexafluoro-, HFC-236cb
(unspecifiiPropane, 1,1,1,2,2,3,3-heptafluoro-, HFC-227ca

CAS number
000124-38-9
000630-08-0
000067-66-3
060433-11-6
000074-82-8
000380-34-7
000421-07-8
001814-88-6
000677-56-5
002252-84-8

(unspecifiPropane, 1,1,1,2,2,3,3-heptafluoro-3-(1,2,2,2-tetrafluo 003330-15-2

(unspecifiPropane, 1,1,1,2,3-pentafluoro-, HFC-245eb
(unspecifiiPropane, 1,1,1,2,3,3-hexafluoro-, HFC-236ea
(unspecifiiPropane, perfluoro-

(unspecifiiPropane, perfluorocyclo-
(unspecifiiPropanol, 2,2,3,3-tetrafluoro-1-

000431-31-2
000431-63-0
000076-19-7

000076-37-9

Life cycle assessment framework

Goal
and scope
definition

Inventory
analysis

‘\.

CF Unit

1 kg

1,57 kg
20 kg

8030 kg
36,8 kg
28 kg

92 kg

5300 kg
1440 kg
3080 kg
7370 kg

352 kg

1600 kg
9880 kg
10200 kg

16 kg

... and other 200 substances contribute to Climate change.

rr_

~ Impact -

2l assessment !
\ \ / pN |
\

] Interpretation

/
v

[ Directapplications: .I

-Product development |
—s and improvement

| - Strategic planning
-Public policy making
-Marketing

‘-‘;Olhzr
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EnVI ronmental |mpact categorles

Ozone depletion (kg CFC-11-eq)

¢ Indicator of emissions to air that cause destruction of the stratospheric ozone
layer

Acidification (kg mol H+)

e Indicator of the potential acidification of soils and water due to the release of
gases such as nitrogen oxides and sulphur oxides

A\ Universita degli Studi di Perugia Prof. Laura Moretti XIX International SIIV Summer School
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Environmental impact categories
Photochemical ozone formation (kg NMVOC-eq)

'| » Indicator of emissions of gases that affect the creation of photochemical ozone in
the lower atmosphere (smog) catalysed by sunlight

] Depletion of abiotic resources - minerals and metals (kg Sb-eq)

¢ Indicator of the depletion of natural non-fossil resources

Depletion of abiotic resources - fossil fuels (MJ)

e Depletion of abiotic resources — fossil fuels

A\ Universita degli Studi di Perugia Prof. Laura Moretti XIX International SIIV Summer School
9 Department of Civil and Environmental Engineering Sapienza University of Rome Perugia 4 - 8" September 2023




EnVIronmentaI |mpact categorles
' ' Human toxicity - cancer, non-cancer (CTUh)

"4l * Impact on humans of toxic substances emitted to the environment

Eutrophication - freshwater, marine, and terrestrial (kg PO,-eq, kg N-eq, and mol N-eq)

e Indicator of the enrichment of the ecosystem with nitrogen or phosphor-
containing compounds

#=x~— Eco-toxicity (freshwater) (CTUe)

e Impact on freshwater organisms of toxic substances emitted to the environment

Water use (m?> world eq. deprived)

e Indicator of the relative amount of water used, based on scarcity factors

X\ Universita degli Studi di Perugia Prof. Laura Moretti XIX International SIIV Summer School
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Enwronmental Impact categories

_) Land use (dimensionless)

#.7 « Measure of the changes in soil quality (Biotic production, Erosion resistance,
Mechanical filtration)

} lonising radiation, human health (kBg U-235)

e Damage to human health and ecosystems linked to the emissions of
radionuclides

* Indicator of the potential incidence of disease due to particulate matter
emissions
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Resource use indicators
Impactcategory ____|Unit |Descripon |

Primary renewable energy (materials) MJ Use of renewable primary energy resources as raw materials

Primary renewable energy (energy) MJ Use of renewable primary energy, excluding renewable primary energy
resources used as raw materials

Primary renewable energy (total) M) Sum of the two values above

Primary non-renewable energy (materials) MJ Use of non-renewable primary energy resources as raw materials

Primary non-renewable energy (energy) MJ Use of non-renewable primary energy, excluding renewable primary
energy resources used as raw materials

Primary non-renewable energy (total) MJ Sum of the two values above

Use of freshwater m’ Freshwater use in absolute values

Use of renewable secondary fuels M) Renewable fuel recovered from previous use or from waste which

substitutes primary fuels

Use of non-renewable secondary fuels M) Non-renewable fuel recovered from previous use or from waste which
substitutes primary fuels
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Waste indicators

I A

Hazardous kg Hazardous waste has a certain degree of toxicity that

waste disposed necessitates special treatment

Non-hazardous kg Non-hazardous waste is non-toxic and similar to

waste disposed household waste. It consists of inert waste and
ordinary household waste

Radioactive kg Radioactive waste mainly originates from nuclear

waste disposed energy reactors
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Output flows indicators

e N

Components for re-use kg Material or components leaving the modelled system boundary
which is destined for reuse

Materials for recycling kg Material leaving the modelled system boundary which is destined
for recycling

Materials for energy recovery kg Material leaving the modelled system boundary which is destined
for use in power stations using secondary fuels (minimum energy
efficiency 60% or 65% for installations opened after 2008)

Energy production MJ Energy exported from waste incineration and landfill
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Phase 3: Life Cycle Impact Assessment .

The software SimaPro can do LCIA according to the method defined
by EN 15804:2019+A2 or other methodologies recognized at
international level using data from environmental databases as
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Phase 4: Interpretation of LCA

Life cycle assessment framework

Goal
1 and scope
definition

N

analysis

Impact
3 assessment |,

Direct applications:
-Product development
and improvement

- Strategic planning
-Public policy making
-Marketing

-Other
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laura.moretti@uniromal.it
giulia.delserrone@uniromal.it

Contact
us

+39 06 44585120
+39 06 44585119
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