LIFE CYCLE
ASSESSMENT (LCA)
AND ICT: PRINCIPLES,
MAIN ISSUES AND
LIMITS

October 2th 2018

Carole CHARBUILLET
Carole.charbuillet@ensam.eu

Research school E3-RSD 2018
Dinard-France




ICT are everywhere...

User equipment Access networks Operator activities E&M sector
Including the operator's data canters
—
WHAT ARE ICT? nm F.,,d&cm,, . ==
phiones - Ipenes ICT sector ana
| Of=
Control and - . ><
. core nodes Officas and stores
trave! and vehicies Vs, TV peripherals, TV retworks
Modile phones
Sweden
smartphones and tablels Dgtfptransmlsslonk ! Detaled county Ij
an core networ ". N example ——) -_

= =

Routers, modems
CPE (customer premises
equipment)

Cther consumer elecironics

Scope:
Global ICT

Desktop
and lapiop PCs
Puiic dsplays ﬁ 0

C—— =

User equipment
Business PCs
and office equipment

. ICT senvices and ESM
Enterprise networks content pyod;cleon

Cannected devices and data centers

ARTS .,
ET METIERS
ParisTech

Malmodin J., 2014, Life Cycle Assessment of ICT, Journal of Industrial Ecology.

© Arts et Métiers



WHAT ARE THE »Question 1:
ENVIRONMENTAL

CHALLENGES OF
ICT?

—Led screens are less energy consuming than CRT.
—It is better for the environment to change the old screen?

A- Yes
B- No

ARTS .,
ET METIERS
Parislech



»A: if you consider only the use phase
»B: if you consider the life cycle stages
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Fig. 7 Climate change potential of three monitors (Kg Co, Eq.)
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\é\’l\ﬁ'\ﬁgéﬁﬁgﬁ'%l_ »Question 2: the localization of the manufacturing
< : i
CHALLENGES OF site doesn’t matter"
ICT?
A- Yes
B- NO
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»A: direct impact on environment

WHAT ARE THE

ENVIRONMENTAL CRTG -~ LD G LED G
CHALLENGES OF i i CRT - === LCD} - === LEDI
ICT? 1.45€-01 -

9.50€-02

4.50€-02

-5.00E-03 -
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WHAT ARE THE »Question 3:
ENVIRONMENTAL

CHALLENGES OF — The measure of CO2 emissions is sufficient to improve
ICT? environmental performance of ICT

A: Yes

B: No

»Question 4:

- Energy is the major environmental challenge of ICT?

A: Yes

B: No
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What are the environmental impacts of a connected
watch?

WHAT ARE THE
ENVIRONMENTAL
CHALLENGES OF
ICT?
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WHAT ARE THE £ eC.OnfliCt minerals
ENVIRONMENTAL J®%4 - Critical metals
CHALLENGES OF

ICT?

Very low recycling
rate

Toxic pollutions

Low lifespan
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»Potential benefits

Eelljew?(rklng Energy and =
B OO S resources savings :
WHAT ARE THE Online purchase

ENVIRONMENTAL Dematerialization

CHALLENGES OF
ICT?

But it is not always the case

4

Necessity to develop a

methodology in order to find the
best compromise
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The Life Cycle thinking includes all the following
activities:

— Raw materials extraction

LCA: A MULTI- — Manufacturing
STAGE AND |
MULTI-CRITERIA — Packaging
METHODOLOGY — Distribution

Emissions in air,
ground and water

— Use

— Maintenance

— Reuse and recycling
— Landfill

All these stages need energy, non-renewables
resources and generate environmental impacts .
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Product Life Cycle: Example of a smartphone

LCA: A MULTI-
STAGE
METHODOLOGY

Luwowo Cokan mine near Rubaya, Novth
o, .

Condmons at amsanal mining sites are

poor and extremely dangerous (ameessy
International, 2013 ; Elenge, 2013)

57% of the life cycle energy
(Yy, 2010)

7 MANUFACTURING
RAW MATERIALS Cﬂmg‘;‘g‘,’""‘g -
EXTRACTION AND PRODUCTION

Materials weight Crmcal resources (availability, THE LIFE CYCLE OF A

(own LCA study) PACKAGlNG AND DISTRIBUTION
geopolitics) SMARTPHONE
- Over sixty metals o
~Hezedotia substancas How long is the lifespan of [ =]~] y“
your phone? lﬂ -

END OF LIFE

La Aden Chire que cominth arrax
par chwtartm, ANNA - 2009

E-wasle exported Many different materials (new

\ : En;oy your phone'
\'I“E@ e

countqes can' be treated in a features) => more difficulties 5

precarious informal  context for recycling 5"""""“‘“‘" It's not only a phone!

7lexoessive ‘
ARTS ) (Bisschop, 2012; Panambunan-Ferse, 2013) 7 negative impacts behaviors
ET METIERS
ParisTech (ICT4S conference)
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| .: Climate Change: Greenhouse emissions

LCA: A MULTI-
CRITERIA

METHODOLOGY Human toxicity: emissions in air, water and ground of
toxic substances for humans

‘ Ozone depletion: all damages to the ozone layer

‘ Aquatic ecotoxicity: emissions in air, water and
ground of toxic substances for aquatic fauna and flora

Eutrophication: decrease of the aquatic fauna and
flora due to algae contamination (excess of nutrients)

% Water consumption

Energy consumption
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LCA: A MULTI-
CRITERIA
METHODOLOGY

Example: Environmental impacts of a Smartphone in
France
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LCA: A MULTI-
STAGE AND
MULTI-CRITERIA
METHODOLOGY

»Avoiding transfer of environmental pollution

Impacts Impacts

i

Raw Manu - |Distribution Use  End of life Raw Manu - Distribution Use  End of life
Matérials | facturing Matérials facturing

»Global view of several impacts

—Necessary to identify the most important environmental
aspects

»Data quality
» LCAresults are goal and data dependent
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WHY DO LCA?

KSTRATEGY\/ECO—DESIGN\

Va
COI\/IMUNICATION\

MARKETING

* |[dentification of

* Environmental

« Systems comparison \

EXTERNAL

» Standardisation
actions

\

purchasing
specifications

AN

the main impacts « Competitive positioning
—| challenges assessment « Ecolabelling
<Z‘: *Objectives *Product
| definition improvement
E *Legislation « Eco-innovation
—| anticipation * Optimization of
industrial
processes
*Lobbying . Sustainable - Communication on

environmental
performances
*Increase
environmental
awareness of

/

Qustomers

<
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First « Resource and Environment Profile Analysis »
LCA realised by Coca-Cola (1969)

METHODOLOGY: /
First LCA public databases (BUWAL, Switzerland)

A BIT OF
HISTORY

First ISO standards
Development of LCA software

J
N\

Research on simplified LCAs

J

« A scientific framework but improvements are needed. ]
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ACV (ISO 14040)

« Compilation and evaluation of the inputs, outputs and
the potential environmental impacts of a product

LCA: system throughout its life cycle »

DEFINITION

AND
PRINCIPLES

ISO standard ensures that a LCA is completed in a
certain way.

[ Goal and scope definition ]ﬁf \

[ Inventory Analysis ]ﬁ' Interpretation

[ Impact assessment H
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g?ﬁ%ﬁzé THE Plastic, ferrous and Kettle, laptop, car,
non ferrous metals, house...
SYSNEN recycled material, [ —
oil...

Recycling, reuse,

machining, — |

extrusion...

Transport,
teleworking...Mater
lal and immaterial
products
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Cooling system of a datacenter in Sweden (Oliveira F., 2012)

Cooling Production
Chiller

L
P -

&/

Free Cooling

STAGE 1: THE
SYSTEM

Water source

SEE pump racks "%

"Green Room” A * i g
/" |sEECooler|  [SEECooler| |SEECooler|  [SEECooler| [SEE Cooler| “\

Cold Aisle
I IT equipment |
Hot Aisle
I IT equipment I
Cold Aisle

ARTS ,
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STAGE 1: GOAL
AND SCOPE

ET METIERS

Parislech

Application

Reason

Public

Result

¥ ¥ ¥
Environmental : Keep or increase
¥ ¥ ¥

LCA report (non
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STAGE 1: GOAL
AND SCOPE

“ ARTS

ET METIERS
Parislech

The Functional Unit

»Quantification of the product function

»Reference to calculate the inputs and outputs

»>Necessary to compare products

Action verb+ performance level + operating
conditions+lifespan

© Arts et Métiers




The Functional Unit

Use a standard monitor with a diagonal viewing
area of 15 inches, working 240 days a year for 6
year in which five hour normal operation, two hour
sleep mode and one hour standby mode

STAGE 1: GOAL
AND SCOPE

'“:]SEECoolerl | sE€ Cooler i [see cooler| [se cooler| ISEECaolerl':’\

] e . | Dissipate a heat load of 5 kW/m2
T i — maintaining a temperature no higher than
o e e s s ) 22°C to the inlet of electronics device during
' 20 years»

(Oliveira F., 2012)

AAERET.ERS USB key? e-book? Online purchase...

ParisTech



System boundaries

» Definition of the elementary processes taken into
account in the LCA

STAGE 1: GOAL »>Life cycle stages+processes+flow
AND SCOPE

: Manufacturing ;
[ l

Raw material extraction

‘ Transportation ‘ Transportation ‘ Transportation ‘

s, | [omes | [mmes | [l (Oliveira R, 2012)

manufacturing manufacturing manufacturing manufacturing

Transportation —<Jj=—"Transportation

Green Room assembly

I o> §

[ Utilization phase ]

ET METIERS scenario
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Life Cycle Inventory
»Quantification of the input and output flows

STAGE 2: LIFE
CYCLE
INVENTORY Coal CO,, SO,, NOx Oils
oil Heavy metals Heavy metals
Product A T

¢ Air, water emissions
Energy Process X {x

Liquid Waste
Product B \
_ X Waste
ol treatment
Additives

ARTS . Elementary flows
ET METIERS
Parislech
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Inputs Outputs

STAGE 2: LIFE
CYCLE Generated materials
INVENTORY Products
Resources Waste o
Material Substances in air,
Chemical product ground and water
Water
Energy mix
Others
Radiations
Heat
Noise

Inputs and outputs are calculated for one functional unit.

ARTS .,
ET METIERS
ParisTech L.
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The data

»Primary data versus secondary data

STAGE 2: LIFE Primary data= industrial data Secondary data= generic data
CYCLE
INVENTORY

Specific for a product or a
process

Average value for a product

or process
From a survey (supplier, From databases or LCA
producer...)
reports

Reference:
« Data source
» Collection date

ﬁ AEHIIETIERS - Collection process
ParisTech
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STAGE 2: LIFE
CYCLE

INVENTORY

ET METIERS

“ ARTS

Parislech

Importance of the data choice: desktop computer case

study

(Teehan, 2012)

Unit energy consumption (kWHh/year)

Desktop PC use—phase energy (no display)

800

700

600

500

400

300

200

100

1 Roth et al. (2002) (high-power PC): Secondary data

2 | Braune and Held (2006) [EPIC-ICT] (gamer PC): Dell data

3 US EPA (2010) [Energy Star baselme] Secondary data
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Usage pattern Study type  Data Quality

O Homeuse @ Primary (O High
O Officeuse O Secondary O Medium

A Both © Mixture O Low —
12 | US EPA (2010) [Energy Star, centified]: Secondary data
13 | US EPA (2005) [Energy Star, certified]: Secondary data
14 | Porter et al. (2006): California plug-load measurements
15 | Hischier et al. (2007) [ecoinvent]: Secondary data
16 | Roth and McKenney (2007): Phone survey. secondary data
17 | Duan et al. (2009): ecoinvent; China statistics
18 | US EPA (2005) [Energy Star. certified]: Secondary data
19 | Kawamoto et al. (2001): Small-scale measurements
20 | Hischier et al. (2007) [ecoinvent]: Secondary data
21 | MTP (2006): Measurements and secondary data
22 | IVF (2007): Meta-analysis of prior studies
23 | IVF (2007): Meta-analysis of prior studies
24 | Schiomann et al. (2005): Measurements and secondary data
25 | Atlantic Consuiting (1998): Secondary data
26 | Nordman and Meier (2004): Estimates based on prior studies
27 | Schlomann et al. (2005): Measurements and secondary data
28 | Choi et al. (2006): Korea statistics
29 | Hikwama (2005): Secondary data
30 | Williams (2004): Secondary data
31 | Choi et al. (2006): Korea statistics
32 | Kawamoto et al. (2001): Small-scale measurements




Inventory Analysis

Impact categories

STAGE 3: choice
IMPACT
ASSESSMENT

—» The most relevant for the study

I Flows distribution between the

Classification )
categories

Compulsory
A

: Quantification of flows contribution

Characterization )
for each impact category

\ [

Quantification according to a

Standardization [——» :
reference (European impacts)

Optional
|

Weighting —> Impacts ranking

ARTS , -
ET METIERS
ParisTech
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Assessment

methods

* Ecolndicator 99
* CML 2001
* IMPACT 2002+
* |[PCC 2007

STAGE 3:
IMPACT
ASSESSMENT

CLASSIFICATION

LCl results

Midpoint Impacts Endpoint Impacts

Human toxicity

Respiratory effects

lonizing radiations
¢ Human health

Ozone depletion

Photochemical oxidation -
5 Ecosystem

Aquatic ecotoxicity

Database

* Ecoinvent,
* Idemat
* USLCI
* LCA Food
* ELCD, ...

ARTS .,
ET METIERS
ParisTech

(adapted from Jolliet)

Quality
—> Terrestrial ecotoxicity
Aquatic acidification <~ Climate
, change
Aquatic eutrophication “
Terrestrial
Acidification/eutrophication
Resources

Land occupation
Climate change

Non renewable energy
Resource depletion

© Arts et Métiers



Impact calculation model

» A characterization factor
SUACEIS & » A characterization model

IMPACT
ASSESSMENT > A list of contributive substances

CHARACTERIZATION
IE; = Mg Characterization Factor

S

Substance s contribution to the impact category | during a time t

Flg;. =

Sl o _ . .
L Contribution of the standard substance to the impact category | during a time t

ARTS .,
ET METIERS
Parislech .
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Example: the climate change factor (greenhouse

emissions)
T
STAGE 3: _ v . .
IMPACT CC=2; GWPg; xm; {Hfﬂj (O)dt
ASSESSMENT GWP, =
[‘Tcafcm (r)dt
CHARACTERIZATION -a= number of years (often 100 years) o -

-i= the studied substance
-m;=quantity ot substance i emitted (kg)

- @~ radiation absorption due to a

«  GWP= Global Warming gas increasing
Potential (GIEC) - ¢ (t)=gas concentration remaining
— Effect of the gases on infrared in the atmosphere
radiation absorption and their - T=number of years

lifetime in the atmosphere

ARTS ,
ET METIERS
ParisTech .
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STAGE 3:
IMPACT
ASSESSMENT

CHARACTERIZATION

GWP

ARTS .,
ET METIERS
ParisTech

co,

N,O
CH,

HFC
PFC

Skg

1
(standard

gas)
298

25

Entre 1300
et 11700

Entre 6500
et 9200

23900

70%

16%
13%

2%
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STAGE 3:
IMPACT
ASSESSMENT

CHARACTERIZATION

LIMITS

ARTS .,
ET METIERS
ParisTech

v" Many uncertainties (calculus, characterization models)

v A different laboratory for each stage and each impact
category

v" All substances are not taken into account because their
characterization factor doesn’t exist in the databases.

But : this is not synonymous of no impact of the substance

© Arts et Métiers



Objectives :
— Results analysis,

STAGE 4; — Validate the assumptions of the stage 1
INTERPRETATION — Quality data assessment

— Define recommendations to improve the product

Contributors identification

(materials, process, life Assumptions and data
cycle stages...) “ quality

Conclusions et .
recommendations =E= L

ARTS . =
ET METIERS
ParisTech
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For the entire Life cycle

STAGE 4. Server LCA Recipe midpoint method
INTERPRETATION EEEEBE
LCA OF A SERVER n H B . .
- - - - M Fin de vie
- - - - | Utilisation
- - - - M Fabrication
HE BN
g &Fr fFfFfFHFSSTS 2 2
& & & F & F @ Themanufacturing stage is the
e N ¢ . .
@%@ er < @c"} &8 & & &«\0‘? &@Q »&  mostimpacting except on
\ O . ¢ . .. . .
SIS PSSR U ionizing radiation and
SR & & & & X . ..
PO &SP terrestrial ecotoxicity
<<k

ARTS .,
ET METIERS
Parislech
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For a phase, the main contributors

(components)
Server LCA Recipe midpoint method
100% —mmr——m—— B —— o — e —
STAGE 4 90% 17 Batterie
INTERPRETATION | Lecteur €O
o m Disque dur
LCA OF A o M Transport

SERVER o

50%

= Fabrication piece alu
Fabrication piece MP

40% M Fabrication piéce acier

m ABS
30%
M Aluminium

0,
20% W Acier

10% Ventilateur

0% M Carte élec

{2 . . .
Y I T . Y I
@ & ¥ & o NG R R4 R S° o S° 3¢ 3¢ 3¢
& & S S @ \b\&\ & & s s S & & &

& N & &S \& &‘o &,\o > & S b &

S R & & @ ¢ 2 & 5 & ©
N IS ST R S S R
& & ¢ @ : A .
& & Major contribution of printed
<O ]

&S wiring board manufacturing

ARTS .,
ET METIERS © Arts et Métiers
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STAGE 4:
INTERPRETATION

SENSITIVITY
ANALYSIS

ARTS .,
ET METIERS
ParisTech

Results reliability (sensitivity
analysis, uncertainties...)

Variation of the parameters with poor data quality
Comparative LCA with a more recent server

Climate change

=@=Serveur
== Serveur

ref

© Arts et Métiers



5- Conclusions and
Recommendations

% : _— :
STAGE 4- Summary of the major contributions for each impact category

INTERPRETATION
v Proposal of scenarios in order to reduce the impact sources

v' Examples of recommendations:
— Change the localization of the manufacturing site (energy mix impact)
— Choice of low impact materials
— Production optimization
— End-of-life improvement

Server: Increase the components
lifespan

ARTS .,
ET METIERS
ParisTech
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Methodological Limits

LCA LIMITS

Only the environmental criteria are assessed.

7~

Risk related to a lack of impartiality- Need to do a critical review.

e

— FU variability : lifetime, system boundaries .

Data heterogeneity

ARTS .,
ET METIERS
Parislech
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Scientific limits

Which impact categories?

LCA LIMITS

é Y

Diversity of the assessment methods

A v

—— Discussion about the scientific validity

Methods must be updated regularly.

ARTS .,
ET METIERS
Parislech
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LCA AND ICT

MAIN ISSUES

ﬁ ART!

S ’
ET METIERS
ParisTech

Sources of variability

»Their lifespan

Ceskiop PC lifetima (yedrs

EI

_........*.... i0--- ?_t

B o

o

3

N SR

17 13
-
.....‘-},.........14.5:_-@,15...
1M 20 21 16

I Y.
18

2 &1

4. .

G
e

JEITA (2004 ) (Homa): Japan sudy, ciied in Yoshida i al. (2009)

Babbin et al. {2009) (1290 purchasaes): Procurement faiabass

Tekawa et al. (1897 (Tifice): Unrefaranced assumpion

IWVF (3007): Survay of COMPLRET YENDOrs, N = §

Cguchi et &l. (2006): Japan sudy, ched In Yoshida at al. (20095

Daan en al. {2008): Unrederancad sssumpion

Kamna [205): Consumer Survey

Babbin &1 al. (300%) (1895 purchases): Frocurament faabass

L] o] R ] ] 8O [ | 6] B

JEITA (2006 ) (Dffica): Japan sudy, chied In Yoshida ef 8l (2009)

10 Babbio &1 al. (300%) (200D purchases): Frocurament faabass

11 Tekawa et al. (1897} (Home): Unrederancad essumgion

12 | Hikwama (3005): Assumpton based on depraciamon

13 | ESAI {2007} Japan siudy, died In Yoshica et al. (2007

14 | Braune and Held (2008) [EFIC-ICT]: LS EFA daia

15 | Hischier et al. (2007} [ecolnvent]: Sacondary gaia

18 | Chal et al. (2006} From Flskel (1836]

17 | Masanet et al. {3005): Unrederenced sssumigion

18 | Willams (2004): From Willams and Hatanaka (2005)

19 | Atamic Consulting {15398} Assumpion basad on deprecladon

20 | Smuiders (2001): Gannar suray

21 Willams and Hananaka (2005): Home survey, Japan

& Primary data .
. Diata Cuality
8 dary dat
{J) Secondary data () High
) Medium
¢ Includes reuse o Low

| & First life only

O Unknown'not specified

D 1 1 1 1
1000 1905 2000 2005

2010

(Teehan, 2012)



Other sources of variability

LCA AND ICT »Systems boundaries: localization of the suppliers

— French energy mix more favorable for the use phase than
the Chinese one (be careful about the others impacts of
nuclear energy)

MAIN ISSUES

»The choice of the end-of-life scenario: often not
considered.

»The technological evolution

ARTS |, »Planned obsolescence, rebound effect

Parislech .
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ICT systems: major environmental challenges

A global vision
CONCLUSION
R Waste designed for

ecycled Material :
recycling

Product Eco-design

Process Eco-design Recycling networks
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« Ecolnfo

\

Sile « Cloud »,
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