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Introduction

ZOOM Webinar "Corona" Lecture Series

https://hydromet.no/seminarer/zoom-corona-webinars-spring-2020.html
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Agenda

Colour coding, transitions

e Webinar format i
Main theme

e Brief presentation round & check-in

e Introduction and frameworks

* The big picture - Sub-theme L

e Environmental management principles SR

* Environmental management toolbox — roossoosss

 Life Cycle Assessment: A brief introduction

e Types of LCA
e LCA methodology
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Webinar format

e We'll go through a powerpoint presentation — slides will be posted afterwards
e Questions are welcome — just write 'question' or '‘comment' in the chat first

* Breakout rooms

e We'll have two discussion rounds in breakout rooms

* You'll be assigned to a room automatically and return to the main room automatically

e General

e Mute your microphone when you're not talking

e Turn on video when you're talking (optional ©)
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Presentation round

Senior research scientist, SINTEF Community Senior research scientist
Adjunct assoicate professor, I@T NTNU SINTEF Community

Themes: Environmental management, circular economy, life Themes: Industrial ecology, life cycle

cycle assessment assessment, dynamic stock & flow analysis
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Presentation round

Who are you? Name/affiliation
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Check-in

What are the expectations from the webinar?
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Introduction







What is sustainability?
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What is sustainability?

|=PXAXT

(Commoner, Ehrlich & Holdren, 1970s)
?

1 t
Population x Affluence x Technology

The aim is not zero impact, but to stay ‘1'
. i .. 2
within ecological limits/thresholds

Keywords: state of the environment, decoupling, factor 4, factor 10, eco-efficiency
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What is sustainability?

FIGURE 3 STRUCTURAL WASTE IN THE MOBILITY SYSTEM @ Productive use
CAR UTILISATION' TANK-TO-WHEEL DEATHS AND INJURIES/
ENERGY FLOW - PETROL YEAR ON ROAD
1.6% looking 30,000 deaths in accidents
for parking and 4X as many disabling
Energy used to injuries?
1% sitting in || | 5% driving move people A

Inertia of vehicle weight ratio®

A Acrodynamics

:| 12:1 dead-

»95% of
— accidents
from human

error

congestion

Rolling resistance
Auxilliary power
Transmission —
losses

Typical European car parked
92% of time

86% of
Engine losses fuel never
“ ‘ reaches
wheels
Average European car has 5 seats
but carries 1.5 people/trip

g

driveways, signals, and traffic signs

LAND UTILISATION: Road reaches peak throughput o 50% of most city land dedicated to streets
only 5% of time and only 10% and roads, parking, service stations,
covered with cars then o
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Global frameworks

e How do we attempt to govern the system?






Figure 8.8 International governance-environment-development-trade interlinkages

UN General Assembly
- ) ECOSOC
Commission on Sustinable Development -
International International International
Environment Regime Development Trade Regime
Regime
LINEP MEAs Waods
i e (" e FAD, WHO ond ohes Wi
MEA Linison \ J L
Groups
\ i o WIPO
[ o
Enviranmental [ Motes: Morms, procedures, rules, and
Management Group UN Development Group Chief Executives Board principles are operating between regimes.
Green lines reprasent sironger and more
direct connections. Brown lines represent
w less direct links.,
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DPSIR framework

e Causal framework:

e Driving forces

e Pressures

States and trends

Impacts

Responses

Source: UNEP GEO5
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Figure 8.1 Our “shrinking” Earth
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Future pathways

Socio-Economic Pathways Representative Concentration Pathways
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Environmental management

e Organisational perspective






Environmental management principles

Systematic approach: Plan-Do-Check-Act (PDCA)

(also known as the Deming circle or Shewhart circle)

Continual improvement
e Operational performance

* Management performance

Auditing
e Internal (required in ISO 14001 and EMAS)
e External (optional in ISO 14001 and required in EMAS)

Standards, examples:
* SO 14001
e EMAS

31 * Eco-lighthouse SINTEF



Environmental management principles

Systematic approach: Plan-Do-Check-Act (PDCA)

(also known as the Deming circle or Shewhart circle)

Continual improvement

Continual

* Operational performance improvement

* Management performance

e Auditing Enwrorlw.mental/
policy
e Internal (required in ISO 14001 and EMAS) / Management /
review ,
e External (optional in ISO 14001 and required in EMAS) Planning /
Checklng and Implementation
e Standards, examples: corrective action and operation
e SO 14001 ~_ __—
e EMAS
32 * Eco-lighthouse 1SO014001:2004 SINTEF



Environmental management principles

. Needs and
o SySte matic a p p roaCh . P | d n‘DO‘CheCk'ACt ( P DCA) Internal and Context of the organization expectations of
. . . external issues interested parties
(also known as the Deming circle or Shewhart circle) “Some of the ervitommental manageniont systom™
L \< P >/
e Continual improvement ( )

Planning

e Operational performance

* Management performance

Support and
Operation

Improvement Leadership

e Auditing A
e Internal (required in ISO 14001 and EMAS)
e External (optional in ISO 14001 and required in EMAS)

Performance
evaluation

e Standards, examples: \_g C J/
e /SO 14001 Intended
outcomes
« EMAS

33 e Eco-lighthouse Current version: 1SO14001:2015
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Environmental aspects

 What do we manage? Our significant environmental aspects .

KEY CONCEPT

 An environmental aspect is an element of an organization's activities or
products or services that can interact with the environment [ISO14001]

35 SINTEF



Environmental aspects

 What do we manage? Our significant environmental aspects

 An environmental aspect is an element of an organization's activities or
products or services that can interact with the environment [ISO14001]

Activity Actual and

Environmental potential
aspect environmental

Service impacts

Risks and

Actions

(@) SINTEF

Product "
opportunities

$ ~omy
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Environmental aspects

 What do we manage? Our significant environmental aspects

SINTEF
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Environmental aspects

 What do we manage? Our significant environmental aspects .

KEY CONCEPT

e Many methods to determine significance

 First ask yourself:
* Does it have potential to harm the environment?
e |s it controlled by legislation? (now or in the near future)

* Isit of concern to your customers or the public?

SINTEF
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Environmental aspects

<5 minutes breakout room>

Purpose: To get familiar with environmental aspects and to know the difference
between environmental aspects and signficant environmental aspects.

Discussion task:

1) Select a person to present your discussion afterwards.
2) Pick a production process you know.

3) Identify two environmental aspects for this process.

4) Explain which one is the most significant of these two.
@ SINTEF
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Environmental aspects

e Summing up

SINTEF






Environmental management toolbox

42
Fet (2000)

Scope of Environmental Concerns

Society

X Manufacturers

One Manufacturer

Single Product Life Cycle

A

5. Policy programs, Protocols, Agenda

4. Systems
Engineering

X Products '>
2.
A Disposal LCS, LCA, DfE, Ecolab. 3. EMS, EPE,
\ EA
Use
_ 1.CP,
Manufacturing EAc
\ 4 __— >
Planning Manufact.  Use Disposal Company's Human Life
|< > Life time time time

System/Product Life Cycle

Scope of Temporal Concern
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Environmental management toolbox

* Process related

e Cleaner Production (CP)

e Environmental accounting (EAc)

e Product related
e Life Cycle Assessment (LCA)
e Material, Energy and Toxicity analysis (MET)
* Product labels/declarations

e Design for X (DfX, x = environment, recyclability, re-use, etc.)

 Management related
e Environmental management (EMS)
e Environmental auditing (EA)

43 e Environmental performance evaulation (EPE) SINTEF



Life Cycle Assessment

e Key standards:

i 0 14040 Life
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Electric cars
and climate
change
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Life Cycle Assessment

* Environmental analysis: Choice of method depends on purpose

 Methodological variation in LCA, some examples:

 Attributional LCA

« Backcasting LCA > Two key concepts in the LCA community
e Consequential LCA

* Decision LCA

* Integrated LCA

* Anticipatory LCA

* Prospective LCA

e Scenario-based LCA
51 SINTEF
Guinée et al. 2018, https://doi.org/10.1007/s11367-018-1478-0



Background

Attributional LCA Consequential LCA

Two types of LCA
To respond to
different questions

What part of the

global environmental What is the impact of
burdens should be the product on the
assigned to the global environmental
product? burdens?
XX kg CO2-equ. ZZ kg CO2-equ.
etc. etc.

SINTEF

https://www.intechopen.com/online-first/attributional-and-consequential-life-cycle-assessment






Background

Attributional LCA Consequential LCA

Two types of LCA
To respond to
different questions

What part of the
global environmental What is the impact of
burdens should be the product on the
assigned to the global environmental
product? burdens?

XX kg CO2-equ. ZZ kg CO2-equ.
etc. etc.
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Why use LCA?

e Understanding your products' environmental impact
e Product improvement (eco-design?)

e Comparison of products (procurement?)

e Advertisement / product information

e Strategic planning

e Public policy

e etc.

SINTEF






1. Goal and scope definition

SINTEF



A
i

| B D

FUNCTION?

Depends on context:
Who, what, how, where, when, how long, how good?

\— Sprin “ coming,
perhaps time to rg—
_paint the hall again?

SINTEF



FUNCTION?

Depends on context:
Who, what, how, where, when, how long, how good?

------

SINTEF



Example

30 years

| Paint A
" Lifetime: 5 years
Coverage: 6,5 sqm/liter
" Env. load: 0,43 kg CO,

Paint B

Lifetime: 30 years
Coverage: 6,5 sqm/liter
Env. load: 0,78 kg CO,

Function:
Preserve wall for 30 years

SINTEF
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-

Funtional unit (FU) xevconcer

Purpose?
e Example, paint: Th @ preserving the wall. The functional
unit is not ‘a can of paint or ‘1 liter of paint’, but rather ‘conserving
10 m? wall for 10 years'.

e Three dimensions
e Quantity (‘how much?’)
e Quality (‘how good?’)

e Duration (‘how long?’)

e Defining a single function
may be challenging,
especially for complex

https://www.arkitektur-n.no/prosjekter/samfundshuset?cat=21

p rOd u CtS https://www.metieroec.no/project/ntnu-sintef/ SINTEF



Functional unit

<5 minutes breakout room>

Purpose: To get familiar with the idea of functional units.

Discussion task:

1) Select a person to present your discussion afterwards.

2) You are proposing a new Norwegian regulation to limit the carbon footprint of
dwellings. Which functional unit would you use in the regulation?

What is the function/purpose of a house? How would we quantify it? (functional unit)

Examples of functional units in a lifetime perspective:

- Carbon footprint: Per house, per person, per bedroom, per m?, per m3, per NOK, etc.
62 @ SINTEF
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Functional unit

e Summing up

SINTEF



2. Life Cycle Inventory (LCl)

SINTEF



Life Cycle Inventory (LCI)

e Key points
* Defining the system boundary: What is included in our system?
* Process inventory and life cycle inventory: Which data do we need?

e Allocation: How do we deal with joint production? (main products, co-products and bi-products)

SINTEF



System boundaries

 What should we include and what should we exclude?

e Criteria for boundary selection = cut-off criteria
e Preferably environment: “all significant impacts included”
* Sometimes mass
* Or energy
* Or cost

e Often some idea (qualified guess? literature data? preliminary calculations?) about the
significance of a process is used in the end to determine whether or not to include.

e Many small left out contributions may add up to significant cut-offs. Eg. 10 vs process LCA

SINTEF



System boundary selection:

How far back in the value chain should we look?

Life Cycde Emission Distributions

Fig, 4. 23th percentiles for upstream
conversence, by pollutant type,
convergence is slower than indicated for
23% of the commodities in the TS,

€ CONOIY.

Ciuantiles
of Cumulative Tierwise Pollution

Norris 2002

1
09
0.8
07
0.6
0.5
04
03
0.2
01

0

Upstream in the value chain

025

Tier O

Tier 1 Tier 2

Tier 2

Tiers

Tier 4

Tier 5 Tier & Tier 7

—a— MO

T2 —a— TRWater

SINTEF



Process inventory

: CO,
Flows of material or energy SO,
NO,

Iron ore, bauxite, chlorine, wood, CH,

Emissions to benzen

air HF
heat
dust

Products etc.

air, peat, gold, grain, heat, etc.

Energy

Material resources Prosess

_ Bi-products
Process chemicals

Emissions to water

———3» Emissions to land nitrogen, arsenic, hydrogen
chlorie, pesticides, heat,
carbon dioxide, particles,
oil, process water, etc.

——» \Wastes

Elementary flows: from nature to our system / to nature from our system SINTEF



Life Cycle Inventory

Iron ore, copper ore, sand, bauxite,
silicon, chlorine, kaolin, wood, water,
air, peat, corn, gold, stone, soil, etc.

NO,
Emissions to air
dust

CH,
Energy Pl Technosphere etc.

3
2 50,
benzene
HF
Material resources s e

Emissions to water

Calculate the elementary ,@
inputs and outputs for all

processes we have in Z nitrogen, arsenic, hydrogen
chloride, pesticides, oll,
our system. process water, hydrogen

chloride, etc.

Elementary flows: from nature to our system / to nature from our system

SINTEF
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2. Inventory 3
Flow diagram

The criteria for system boundaries are defined in the goal and
scope phase. A simple criterion can be:

* Include all significant processes

Wood frame

Which processes are significant for our study?

Foam mattress
Brass zipper Textiles \
Paint Nails < | Bed production
Packaging Packaging
Price tag Zippers
Electricity

SINTEF
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2. Inventory (complexity) 3
Foreground and background system

e Foreground: specific data gathered by you

e Background: generic data from databases

Wood frame
Foam mattress
Brass zipper Textiles \
Paint Nails ¢ | Bed production
Packaging Packaging
Price tag Zippers
Electricity

Example: here our goal is to improve the mattress in a bed,
we therefore decide to use generic/average data for the rest of the bed SINTEF



Calculating the flow (open Leontief model) E"

3 ¥
32
7...the system of economic interrelationships may be represented as a long
path describing a wide circle and ending up again at its starting point. All
along the way, it branches off into numerous smaller paths, some of which
interweave in all manner of combinations...” Leontief (1928). SINTEF

Source: Solli and Stremman (2005)
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Allocation

Wool

Meat

SINTEF
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Allocation

Key question: How do we assign the environmental impacts to wool and meat?

Methane

Wool

Energy, food, fertiliser,
pesticides,

sheep dip chemicals,
etc.

Potential solutions:

Avoid allocation

Use physical properties
Use economic values
Use other methods

2

6 kg * 5 years
=30 kg wool

50/50

30 kg meat

SINTEF
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Allocation

Key question: How do we assign the environmental impacts to wool and meat?

Methane

Wool

Energy, food, fertiliser,
pesticides,

sheep dip chemicals,
etc.

Potential solutions:

Avoid allocation

Use physical properties
Use economic values
Use other methods

6 kg * 5 years
= 30 kg wool

* 7 kroner / kg
= 210 kroner

20/80

30 kg meat
* 30 kroner / kg
= 9oo kroner

SINTEF
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-

AI IOcatiOn KEY CONCEPT

Key question: How do we assign the environmental impacts to wool and meat?

Methane Wool

Energy, food, fertlhser
pesticides,

sheep dip chermcals
etc.

Waste

Potential solutions:
* Avoid allocation
* Use physical properties Recommendation: Consider what the main purpose of the process is.
e Use economic values

e Use other methods SINTEF



Allocation: Minerals

82 SINTEF
doi: 10.1371/journal.pone.0101298



3. Life Cycle Impact Assessment
(LCIA)

SINTEF
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Life Cycle Impact Assessment

e Key points
e General LCIA methodology in 5 steps: 3 mandatory + 2 optional

e Key indicator challenge: Midpoint or endpoint?

SINTEF



Life Cycle Impact Assessment

e The life cycle inventory: all elementary flows, e.g.:

e Inputs: Coal, iron ore, energy, biomass, etc.
e Outputs: CO, and SO, to air, particles to water, tailings, etc.

e To understand the impact on the environment, we need to
know the effect of every elementary stream

* Impact assessment
a) ldentify environmental impact categories
b) Classification
c) Characterisation
d) Normalisation
e) Weighting

NB: Normalisation and weighting are non-scientific (they are value based).

SINTEF



Life Cycle Impact Assessment

e The life cycle inventory: all elementary flows, e.g.:

e Inputs: Coal, iron ore, energy, biomass, etc.
e Outputs: CO, and SO, to air, particles to water, tailings, etc.

e To understand the impact on the environment, we need to
know the effect of every elementary stream

* Impact assessment
a) ldentify environmental impact categories
b) Classification Mandatory
c) Characterisation
d) Normalisation
e) Weighting

NB: Normalisation and weighting are non-scientific (they are value based).
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Life Cycle Impact Assessment

e The life cycle inventory: all elementary flows, e.g.:

e Inputs: Coal, iron ore, energy, biomass, etc.
e Outputs: CO, and SO, to air, particles to water, tailings, etc.

e To understand the impact on the environment, we need to
know the effect of every elementary stream

* Impact assessment
a) ldentify environmental impact categories
b) Classification
c) Characterisation
d) Normalisation

o Optional
e) Weighting

NB: Normalisation and weighting are non-scientific (they are value based).

SINTEF



Midpoint or endpoint?

Uncertainty

[Gzonedopioton | IEERCTTET | Damase |
[ romiox | [N »{ Damage |

| Radiation |—P Absorbed Dose
|F_C_G.mne an’n.' d  Ozone Conc.

| Particuate Form. |— JETIIE

| CIimﬂEC“afﬂi'_' Infra-red Forcing
|_Temr.Ecotox |

| Terr. Acidif. |+ ;
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(= my
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| FreshwaterEutr. | , [RAPEISICITN - |
BTN Hazard W. Conc

CLel
result

' Raw mat.
Land use

Lijeay uewnH

sWwa)sfAsoa3
a103s5ajbuig

S2OMN0SAY

Envirormental Envronmental

Mechanem. Pal 1 Midpoint Mechaniem. Part2 Endpaint

Understanding / Communication
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Midpoint or endpoint?
Global warming

Low
uncertainty

L=

>
=

—)
o)

IPCC
equivalency

factors

=

juaeamba 70D

(very) high
uncertainty

—

Temp increase
And risk of

A specie extinction

SSO| s:y:-:ds,> l
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Example: @

Environmental Product Declarations (EPD)

Milje

_____________________________________________________________________________________________________________________________
1

! . Samfunn,
By-products, v BYSPERGY § roducts 1 » Ml !
i waste T /}\ r waSst T

Extraction (%M’C_Ig

Machmery \ ;EE !

fuel, etc. diaries, etc.

___________________________________________________________________________________________________________________________

INCREAS UNDERSTANDING

Informéation about
environmental

| impacts

(e.g. climate change)

trucks

1
2

SINTEF



4. Interpretation

wWHFEN -

SINTEF



Interpretation

 |dentify the significant issues

e Evaluate your results, e.g.

e Completeness of data
e Sensitivity to uncertainty and methodological choices

e Consistency throughout the study

e Conclusions, limitations, recommendations

SINTEF



Interpretation in practice

Get to know the relevant production system(s) in your model!

Leave time for multiple iterations on goal and scope + inventory

 New results can lead to new understanding

Errors will occur, analyze often to identify errors.

SINTEF
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Summing up (1/2)

Keep the big picture in mind (sustainability)

Be systematic and focus on continual improvement (environmental management)

Use the right tools for the right questions (e.g. to know when LCA will be useful)

e Be aware of the limitations of your approach

SINTEF



1 R R 4 i B ey
Summing up (2/2) “
12

Good

SUSTAINABLE
DEVELOPMENT

GOALS

Bad

LCA can help set targets
and guide action SINTEF
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Questions and check-out

* Questions?

e Check-out: Were your initial expectations met?
(this will also guide development of the next lectures)

SINTEF
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