Interpreting LCIA results: development of
Canadian normalization factors, from
Individual consumption and national

statistics

Anne Lautier

anne.lautier@polymtl.ca

Ralph K. Rosenbaum, Manuele Margni, Louise Deschéne

- 2~ .
-,
i | :
"~ p - ey
\ Ty R ‘
| ‘Z:.,
L al
-':._:\. "

INTERNATIONAL CHAIR
IN LIFE CYCLE ASSESSMENT
@:scow

A research unit of the @} C|RA|G

POLYTECHNIQUE
MONTREAL



Presentation outline

Introduction

« What is normalization?

* Why calculate specific normalization factors for Canada?
« Bottom up and top down approaches

1 — Bottom up approach (consumption based)
 Methodology

* Results

2 — Top down approach (production based)
 Methodology

 Results

3 — Comparison of bottom up and top down approaches

4 — Current work
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What 1s normalization?

> Impact scores S,

Goal and scope definition

4

Inventory analysis

4

Impact assessment
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midpoint endpoint
kg-eq chloroethylene DALY, PDE.m2.an,
kg-eq sulfur dioxide kg-eq CO2, MJ primaries
N. =S./NF,

NF= Normalization Factor

Impact scores get the same unit
——> Interpretation of LCA results
(comparison with a reference value)

— 5 Appropriate form for weighting
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Existing and missing NF

;;' ‘ No Canadian NF
= 7=

Europe

NF from Impact 2002+,
Ecoindicator 99, CML

» | 2000...

Do e S m
United States
NF from TRACI




Bottom up and Top down approaches

1- Bottom-up:

Reference = total consumption per
canadian citizen

2 — Top-Down:

Reference = Emissions and
consumption of resources from the
whole national production
activities (Industry, agriculture,
etc..)
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Bottom up and Top down approaches

1 — Objectives:

» Calculating impacts of individual
Canadian consumption

» Developing a methodology to use both
£ process and economic input/output (EI1O)

2 — Objectives: SS

* Calculating Canadian normalization
factors (NF) from a national inventory of
emissions of pollutants and consumption

of resources

» Comparing these NFs with existing

European and US NFs. I
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Bottom up and Top down approaches

3- Final objective:

Comparing bottom up and top down
results, and conclude on the differences
between consumption and production
activities in Canada
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1- individual Canadian consumption

Physical data (kg, km...) Monetary data ($CAN)

—

Food

Transport
Housing Data sources: official

= canadian websites:

Statistics canada,

Consumption goods ;
environment canada...

Public services

—

Process LCA Economic Input/output

Ecoinvent database (EIO) LCA
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1- 1st iteration

Ecoinvent Monetary data

Incomplete

Consumption goods

Not
F directly

available Public services
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1 - Results

Non renewable energy

Global warming

3,50E+05 1,60E+04
M publi i = oubli .
3,00E+05 pUbIIC services s 1,40E+04 public services
w 1,20E+04
5 2508405 W consumption goods o W consumption goods
» o 1,00E+04
a 2,00E+05 ~
I
L 1506405 - B housing 8 8,00E+03 B housing
E pt 6,00E+03
1,00E+05 - Q
M private o0 4,00E+03 M private
5,00E+04 - transportation = 2,00E+03 transportation
0,00E+00 . T ] [ ] food 0,00E+00 T ] [ ] food
ProcessLCA EIOLCA ProcessLCA EIOLCA
] ]
v v
323 GJ/pers.yr 14,3t CO2/pers.yr
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1- 2nd iteration

Ecoinvent Monetary data

Cut-offs:
) up to 50%
not €«

Car transportation: Consumption goods

- Lenzen, M. 2000, Errors in Conventional and Input . .
Output—based Life-Cycle Inventories. Public services

F- Junnila, S. 2006. Empirical comparison of process and
Economic Input/output LCA in services Industry

EIO LCA 4 1,0
. . 44 INTERNATIONAL CHAIR 11
CIRAIG '*’) IN LIFE CYCLE ASSESSMENT



1- 2nd iteration

Ecoinvent HYBRID
Active = Impacts mainly
attributed to use phase
Passive = Impacts mainly Acti
attributed to production Pct|v_e
phase assive
| Housing |
* Active
» Passive
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Monetary data

—> Process LCA
EIO LCA

—> Process LCA
—> EIO LCA

Consumption-goods,

Public FrEiCeBCA
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1 - Results

Non renewable energy HYB :2| D Global warming
350 16
300  publicservices L 14 " publicservices
_ 250 ; 12 |
;-' 200 B consumption goods §' 10 B consumption goods
9 ~ 8
= 150 = housing 8 6 M housing
O 100 g 4
50 W private o2 Wprivate
0 transportation 0 : | | transportation
T T 1 f d
process LCA EIO LCA  food ProcessLCA EIO LCA #ioo
250 GJ/pers.yr 15 t-eq CO,/pers.yr
Transport 28% Food 19%
Housing 27% Transport 27%
Consumption goods 25% Consumption goods 28%
INTERNATIONAL CHAIR 13
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2 — Impact at national scale

1) Data collection of Canadian emissions of pollutants and

consumption of resources

(2 Calculation of Canadian NF

Life Cycle Impact Assessment (LCIA)

\ 4

Methodologies
, Impact 2002+, TRACI, LUCAS
- > ICF,|x E, P
- P
Geographical zones:

v

Europe, Canada, US

(3 Validation of Canadian results

« Identification and comparison of Canadian, European and US main
contributors (substances)

« Extrapolation of some European emission values to complete Canadian
Inventory (on Gross Domestic Product and population basis)
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2- Uncertainty and temporal variability

1. Uncertainty on canadian normalization factors calculation

|
&« ‘

Name: Cabon dande ar

« Data collection from different canadian T
iInventories and extrapolated values from
European and US inventories

Probability

* Crystal Ball software

5,00E+11 5.00E+11

* Input parameters: chosen value; min; max IR

Mnimem 237611 & Lkdiest58E1 & Mowmwm G5B e

2. Temporal variability of canadian normalization factors

Name: |N'rtrogen dioxide E ’gl
Custom Distributon « Data collection of canadian emissions and
2 onr- consumption of resources from 1976 to 2005
§ » Crystal Ball software
— ' ——— * Input parameters: same probability for
e ] .
' ' each annual emission values
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2 — Comparison of canadian, european and US NF

500602 ' NF Human Health — . = . . so0es0s . NF EcOsystem Quality

4,00E-02 oxydation

B Ozone layerdepletion
3,00E-02 4,00E+04 B Land occupation

I Respiratory effects = Acid (Terr)
2,008-02 B Ecotox (Terr)

. . 2,00E+04
’ [

1,00E-02 B Non carcinogeniceffects Ecotox (Aqua)

0,00€+00 - - Same tendancies for the 4 damage categories
"« Main contributors (substances) are the same in the 3
250804 - 0 geographical zones

2,00E+04 b - | S 2506105 I ——
ceonon L1 Necessary to use NF adapted to the geographical context

obal 2 1,50E+05 - " Nonrenewable energy
B Globalwarming
1,00E+04 B Mineral extraction
*C 1,00E+05 -
5,00E+03 5,00E404 -
0,00E+00 0,00E+00 -

EUROPE CANADA EUROPE CANADA

DALY/pers.yr

PDF*m?*yr/pers.yr

kg eq CO2/pers.yr

MJ primarie:
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3 — Comparison of bottom-up and top-down approaches

-

/100% A
90%
80% T
20% [ |nd|V|duaI.

0 consumption
60% (Bottom up)
50%

40%
30% National
20% production
10% (Top down)
0% [
Human Health Ecosystem Climate change Resources
Quality
J
 Differences Bottom-up/Top down:
- Missing parts in bottom-up assessment
- Differences between production and consumption activities
* Ecosystem quality: difference = copper and zinc refineries
Canada = one of the first five world productors of copper and zinc
17
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1 — Current work

Tiered hybrid analysis utilizes process-based analysis for the use and
disposal phase as well as for several important upstream processes,
and then the remaining input requirements are imported from an |O-
based LCI.

Suh & Huppes, 2003, Methods for Life Cycle Inventory of a product /\

Food

W  Identifying and understanding the differences
between process LCA and EIO LCA

I

Consumption
goods

w> Realizing a complete Tiered hybrid analysis for
Individual Canadian consumption

Public services
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2 — NF: Human Health

5006-02 1 NF Human Health —

¥ Photochemical
oxydation

4,00E-02

B Ozone layer depletion
3,00E-02

M Respiratory effects
2,00E-02
1,00E-02 ® Non carcinogeniceffects
0,00E+00 B Carcinogeniceffects

EUROPE  CANADA

DALY/pers.yr

» Respiratory effects: more than 90% of the NFs (3 geographical zones)
» Main contributors in Europe, Canada and US: Nox, Sox and PM10

 Canadian NF = 0,8 US NF

Canadian NF = 4 European NF

» Uncertainty: the chosen emission values are the maximum of available data
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2 — Ecosystem quality

~ NF Ecosystem Quality

6,00E+04 -

PDF*m?*yr/pers.yr

0,00E+00 -

B Land occupation
= Acid (Terr)
M Ecotox (Terr)

M Ecotox (Aqua)

 Ecotoxicity in soil: 90% of Canadian and US NFs.
* Zinc in soil = 75% of Canadian NF, 67% of European NF, 57% of US NF.
« Canadian NF = 0,3 *US NF,

Canadian NF = 1,5 * European NF.

£ ) INTERNATIONAL CHAIR
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* An extrapolated European value was used for copper emissions in soil




2 — Climate change

2,50E+04

| NF Climate Change

2,00E+04

1,50E+04

B Globalwarming

1,00E+04

kg eq CO2/pers.yr

5,00E+03

0,00E+00
EUROPE CANADA us

» Carbon dixiode > 80% of the impact (3 geographical zones)
» Canadian NF = US NF

Canadian NF = 2* European NF

 Transport, energy production and industrial activities = more important in
North America than in Europe (on yearly person basis).
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2 - Resources

3,00E+05 ~

2,50E+05

2,00E+05

MJ primaries/pers.yr

0,00E+00

.~ NF Resources

1,50E+05 -

1,00E+05 -

5,00E+04 -

EUROPE

CANADA

" Nonrenewable energy

B Mineralextraction

« Canadian NF = consumption of energy within Canadian boarders.

» Canadian NF = 1,6 * European NF

» Canada = important producer of energy (natural gas, oil sands...) and minerals

Canadian consumption = 60% of Canadian production

CIRAIG ‘.‘Q\
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Individual consumption — Process, EIO and Hybrid LCA

Non renewable energy

350
300
250
200
150

GJ/pers.yr

100
50

% publicservices

B consumption goods

i housing

M private
transportation

ProcessLCA EIOLCA  Hybrid =

6IRAIG_" 1:’) INTERNATIONAL CHAIR

IN LIFE CYCLE ASSESSMENT

Process LCA

m food

H private
transportation

= housing

EIO LCA

m food

H private
transportation
= housing

B consumption
goods

= public services

Hybrid

m food

H private
transportation
= housing

B consumption
goods
© public services
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Individual consumption — Process, EIO and Hybrid LCA

Process LCA

m food
H private transportation
= housing

EIO LCA

= food

W private transportation
= housing

B consumption goods

public services

Hybrid

®food
® private transportation
= housing

B consumption goods

public services

Global warming

t-eq CO2/pers.yr

Process LCA

EIO LCA

Hybrid

1 publicservices

B consumption goods
M housing

M private

transportation

B food
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