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Impact score = emission or use of a resource * CF

The characterization factor (CF)

Surface affected

a /

PDF *S
CF = [ *m2*yr [ m3 or KWh]
Qwater _or _electricity
\_ S —
Flow “under” the dam or electricity produced, per year
total ZC section |:—Z(PD section _i section_i)
v—" total i

per sub-section
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SR =» one can generate a unique CF (per m3 or per
kWh) whatever the size of the dam the power

7 IS from
' Per m® of water |
0.01 PDF-m?yr

(0.002 - 0.1) (x50) \-UItimafggoal e e I

1.0000 A

aquatic biodiversity

or kWh)

(to combine A
with invento s
Per kWh produced Y

2. 0.0001 4 , , , ,
0-04 PDF m yr 0.01 0.10 1.00 10.00 100.00  1000.00

Water flow (Gm?3/yr) or electricity production (GkWh/yr)

(0.01 — 0.2) (XZO) for the considered dam
A CF (per m3) B CF (per kwh)
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Damage =

disappeared fraction of
species (PDF)

on a certain surface area (S)
With

PDF = ~ 1 PDF

S=L[m]*W[m]

Alpine dams divert alpine rivers

This is caused by a flow Q
that is not here anymore
With

Q= [m3/yr]

T = -

R

YT
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Input parameters for alpine dams

D L [m] W [m] Q [m3/s] CF [PDF*m2*yr/m3]
1 10000 2 1 0.0006
2 5000 1 0.1 0.002
3 20000 1 0.5 0.001
4 40000 3 3 0.001

Geomean CF = 0.001 PDF-m?-yr/m3 (0.0006-0.002)
Weighted average (using Q as weights) CF = 0.001 PDF-m?-yr/m3
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CF Dams

Aquatic biodiversity appears

not negligible

o
—
(&) ]

0.10 -

o

o

(&)
1

Damage to ecosystems quality (PDF-m2-yr per kWh produced)
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biodiversity (this
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Thank you for your interest!

= Poster
Questions ?

Thanks to Manuele Margni for his precious feedbacks

Maendly and Humbert (2009) “Characterization factors for damage to aquatic
biodiversity caused by water use” in process
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Problem statement

& LCA tend to systematically show hydropower more
environmentally friendly than other alternatives to
produce electricity

& Can be intuitive for CO,,

Z Though dams in tropical regions can emit high amount
of CH,

& Using traditional LCIA methodologies, even
damage to ecosystems quality

appears lower for dams than for fossil fuel based
power plants
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o Hydropower has less damage to
ecosystems quality?

With TRACI (midpoint)
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Problem & Objective

& No impact category to account for
aquatic biodiversity loss
due to a change in the ecosystems caused by dams

- No impact category = no impact.... I?

& Our goal:

~ Try to capture this damage in a comprehensive and usable
way with current LCA approach

& Empirical approach, using observation of
reduction in biodiversity
In the river between before and after the construction of dams
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The model
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The model

1 = Surface considered affected
~ in the computation of the CF  Upstream zone

CF Dams
October 0



CF independent of the size!
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Aquatic biodiversity appears
not negligible

0.15 &5 Aquatic

with IMRACT 2002+ s ey

(this study)

B Land
occupation

PDF-m2-yr per kWh producN

O Terrestrial

=

g acid/nutri

2 0.00 -

L

n > :

Z), S O Terrest.rlgl

3 S ecofoxicity

P N\

>

m .

§ B Aquatic
ecotoxicity

October 01, 2009, Boston, Sebastie / QUO ntISSusralnability counts



Aquatic biodiversity appears

__ not negligible
= PASERR I
/: 8 015 i Aquatic

g biodiv ersity
§ (this study)
~ 010 -
3 B Land
= occupation
AN
=
5 0.05
(a rr .
L; o | O Terrestrial
© c o acid/nutri
(ox
2 0.00
L
% o@ B Terrestrial
§ & ecotox icity
e

our dams: B Aquac

average of ecoloxicity

3 m3/kWh
October 01, 2009, Boston, Sebastie ; QUO ntISﬂusmumbrlity counts




o Alpine dams seem to have lower
7, damage than non-alpine dams
®

Non-alpine dams: CF = 0.01 PDF-m?-yr/m3, ..o wurbined
> 8 to 45 m3/kWh

& Alpine dams: CF = 0.001 PDF-m2-yr/m3, _cr turbined
> 0.8 m3/kWh

& 1 kWh: non-alpine = 0.08-0.5 PDF-m?-yr; alpine = 0.0008 PDF-m?-yr

& Electricity from alpine dams seems to have 100x lower damage to aquatic
biodiversity than electricity from non-alpine dams

~ Assume that the two aguatic ecosystems have the same value on a
per m3 basis

Z0Once the ecosystem is destroyed (i.e., 100% of the water diverted),
the PDF cannot go above 1

ZNo consideration for impact on surrounding terrestrial ecosystems

~ Less area affected, on a per m3 used, when diverted from alpine zone
than from plain zone

71 m3 of water used to produce electricity is 10x more efficient when
used in an alpine dam than in a non-alpine dam
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Conclusions

& Framework suggested to account for

damage to aquatic biodiversity from water use
Z focus on hydropower

& When expressed per kWh produced, damage to
aquatic biodiversity appears independent from the size
of the dam

Z Less clear when expressed per m? of water use
Z Further research needed

& CF, per kWh produced, directly usable with current
LCA approach, to capture the of the
damage to aquatic biodiversity associated with

October 01, 2009, Boston, Sebastien Humbert



Further work

& Need to understand better the relation between
amount of water use and impact

& Need to evaluate benefits from
Increase in aguatic ecosystem (reservoir) vs

decrease in terrestrial ecosystem (loss of some land
and original banks)

& Framework suggested valid for other type of water use
Z Irrigation dams (= per m3 water used or retained?)

> Flooding control dams (= per m3 retained?)

> Rivers’ correction (= per m? of river corrected?

CF Dams 7 .
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Same observations with
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With TRACI (midpoint LCIA)

100 -

10 A

having the highest impact)

Impact to the category considerec
(in fraction to the source of energy

Acidification Eutrophication Ecotoxicity Aquatic biodiv ersity
(this study)

B coal B natural gas

O nuclear (PWR) 8 wind

O solar (PV) 8 run-of-river (45m3/kWh)

B reservoir (nonalpine, 8.1 m3/kWh) B reservoir (alpine, 0.81 m3/kWh)
B run-of-river (45m3/kWh) B reservoir (nonalpine, 8.1 m3/kWh)

B reservoir (alpine, 0.81 m3/kWh)
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W More complicated with midpoint
LCIA
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Do you have any questions?
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Additional slides of the study
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Supporting info of LCA
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The life cycle perspective
(life cycle stages and impacts)

f Transport, delivery, f
manufacturing, distribution

Use phase * -

End-of-life g
/ Raw materials Lgﬁﬁ '
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IMPACT 2002+ (Jolliet et al. 2003)
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IMPACT 2002+ (Jolliet et al. 2003)

Midpoint Damage
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Aquatic ecotoxicity
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LCI results

Climate Change
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Life Cycle Assessment (LCA)

/ { Objectives, ) / \

~

system
J

Inventory
(analysis) of . _
ressources and [* Interpretation
o

(Life cycle) )
Z1SO 1ergi1404
\ assessment
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Electricity mix

16 0,9
14 T 0,8
12

Global warming gases emissions (in kg CO2-eq per kWh)

T

Primary non-renewable energy consumption (in MJ per kWh)

UCTE US mix - low from natural Swiss mix- French mix -
(European) voltage gas - low low voltage low voltage
mix - low voltage
voltage
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Modeling transport

=

Additional impacts
> to move the load
(proportional to mass)

due ttf) the product

Impacts to move
attributable to the product > the empty truck
(‘fixed' impacts)

Fuel consumption (I/100km)

J

0% Actual 100%
load (%)
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