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£PFL  Deciding the energy transition .
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HOW TO CHOOS

https://longread.epfl.ch/en/dossier/energies-go-green/



cPFL Flows in the society
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ePFL The conversion chain from the needs to the energy consumption :

kJ,/hab/an] = ne[kJ,/kJ.] - ns[kJ./kJs] - ealkJs/an/m?] - dpas|m? /hab] - hab[hab]

Extraction->resource

resource->distributed

distributed->energy

L

Energy->services

L

services->cap
1 —

onversion efficiency = 60% Efficiency = 50%

0
20% to harvest Distribution losses = 8%




SWISS ENERGY SYSTEM
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HOW DO WE SATISFY THE ENERGY NEEDS IN A BUILDING ?
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Environmental impact of a fuel



EPFL Environmental impact of the use of a fuel in combustion

= Importance of the fuel life cycle
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®

CO2 eq:is a measure of the global warming potential of the emissions over the overall conversion chain up to combustion. The global warming potential is considering not
only the CO2 emissions but also other emissions like CH4 (that has a GWP of 20 CO2 eq), NOx and other gases in the complete life cycle chain.
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EPFL Life cycle assessment : emissions before the use

15 to 40% of the CO2 emissions have been made to prepare the fossil fuels

Emissions before use ->

LHV

CO2

supply
CO2equiv

Cost

industry

kg/Nm3
MJ/kg
GJ/Nm3

g CO2/M|

g CO2/M|

g CO2/M|

cts/kWh

cts/kWh

Natural gas
0.7

50

0.0359

49.3

1.6

60.9

19%

34

Wood

240

17.8

5.3-9.6

0

1.4-1.8
(production)
0.19 (20 MW)

-1.1(320 MW)
1.6 -29

1.6-2.9

Gasoline

0.8

44.4

35.5

67

16.7

83.7

20%

18.6

Diesel

0.8

43.4

34.7

72

13.4

85.4

16%

19.2

ncois.marechal®@epfl.ch

Frangois Maréchal — fra



EPFL Shale gas vs coal for heat production

GHG Emissions [g CO2e/MJ]
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=PFL Uncertainty in the evaluation of the impact
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Figure 27 Comparison with other studies considering heat production
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tPFL Shale gas vs coal for electricity production &

= Efficiency of conversion
= Natural gas : 60%
= Coal : 38%

GHG Emissions [g CO2e/kWh]
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Figure 26 GHG emissions of the different phases of shale gas and coal life cycles
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ePFL LCA shows actions to mitigate emissions

= Measure 1

= Flaring of off-gases
= Measure 2

= Green completion : send back
= Measure 3

= Tracking fugitive emissions

GHG Emissions over 100 years [g CO2e/MJ]
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Figure 33 hale gas life cycle GHG emissions according to different potential mitigation measures over the 100 year

timeframe

Nicolas Fuelleman, Master thesis, 2012
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Environmental impact of efficiency



RENOVATING BUILDINGS
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=PFL LCA of insulating materials ;
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EFFICIENCY IN SUPPLY
ASK THERMODYNAMICS

| units of electricity supplies |0 units of heat with 9 units of the environment

Heat needs

2] °C

Electricity
1

the environment

Heat fro
=PrL



HEAT PUMP IS THE ENGINEER'S ANSWER

Useful heat
30 °C Coefficient of performance
Eectrctyﬂ
COP = -
ot ﬂ Electricity
1 1

Heat from the environment Co P AN 3
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EPFL Environmental impact of a heat pump vs refrigerant i
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Environmental impact of electricity



The potential impacts of electricity generation
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M IPESE
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EU eleCtrICIty mIX and Energy Systems ‘e,
Engineering

e

Current electricity mix

17% 0.7% 21% 29% 14% 44% 94% 02% 3.8% 03% 0.2%
772* 32* 953" 1317 636" 200" 423" 9* 173" 14* o*
* Values in TWh

VS

Future Renewable electricity mix

51% 4% 17% 28%
2547* 200" 849* 1398*

*Values in TWh

Total yearly electricity generation with deep electrification: 4540 TWh (current mix) and 4994 (renewable mix)

Deep electrification 10.06.2020
=] oo M Doop cleotrfcation g
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CO2 Capture and electricity production

e Energy Penalty
— Compression
+ 2% (LHV)
— Capture :
+ 4-7% (LHV)
— Total
+ 64 9% (LHV)
e |Investment
+ 30%

@ L
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Biomass Electricity with CO2 capture and sequestration (BECCS) : negative emissions

) CaSO4 L Cozstored
Liquid
NO,, PM, org ZnO \yoste 110bar | NO,
CO, (biogenic, fossil) CO, PM,
Wastewater (CO,)
< Boiler, steam a | e N
_ ‘ , retwork & turbines . Gas | -
Air .~ Combustion —— turbine | N
Q Q Acids Q Q Q Q Q Q
co,
CH4 Tsyn: 1000-1200K —1
- CcoO P i 1-15bar
T N .- R - =
/ Torrefac:uon indirectly heated @ cleaning Phys Abs.
380thhyBM D"ymg z’g‘toi:’ynsalf) Gasification Gas clean ng C B rjmoval
H,0 Tyrs: 573-683K
‘ . —
. FU:1IMJ,, S/C: 0.2-4 T ar3573K 3. IMI/kg o,
. 1GJ, l LTs: 45 ' Optional
| polygeneration
Olivine CaCO, AlL,O, MEA products
Transport CaCo, Ni ZnO Ni  solvent
Charcoal catalyst RME/Water Catalyst
QOil (starting)

> Configurations (380MWy, gv)
« Without/with CO, capture (compression to 110bar)

» H, process with E import or self-sufficient or E generation

L. TOCK b



CO, capture options comparison

¢ CO, capture energy and cost penalty

> Different process configurations
« Natural gas fed processes 90% CO, capture, biomass 60%

° / /QB;TTE:\/\ ~ ¢ Pre-comb BM
€0 - /. N = Pre-comb ATR
| BMBBA & Pre-comb SMR
= 50 1 \\ *om selexol /,,// © Post-comb
2,10 e NGCC
l(lbl 30 ATR Rectisol ATRRRA
© 20 ostcomb. MEA o % |’11F;F{.5:|X|

Post-comb. CAP

20 30 40 50 60
Energy Efficiency [%]

> Competition between post- and pre-combustion

Economic scenario base: 9.7$/GJ,,, 7500h/y, 25y, 6%ir
L. TOCK b



CO, capture options comparison

¢ CO, capture environmental performance
« IPCC 07: Global warming potential (ru=1ce)

B Natural gas

. u [ Transport of malerials
E CO: fossil non captured

1 [ Transport of wood

B Empty lorries

B Charcoal for sorbalit

1 . RME

B CO: sequestrated

| [ Remaining processas

X . > Major contributions
» Resource extraction
« Uncaptured CO,

GWP N\
by CO, capture

Impact [Kgcozea/Gle)

d 1 B > Biomass fed process

* Negative emissions

Benefit of capturing

ONGCC Post-ccib ATR ATR SMR | BN BM ) . |
noCC MEA CAP TEA Salaxol TEA | TEA  Salavol biogenic CO, !

L. TOCK b



=PFL LCA indicators N

Impact is different if we consider different indicators

0

00 D Resources
0.005 m Climate change -100

001 . DEcosystiem
-~ ® Humran Health - .
o CWP
-0.015 -150 | .

NGCC NGpost NGpre BMpre NGCC NG post NG pre BM pre

o
o

0.03 150 9
OResources BHuman Health OEcosystem
0.025 8
100 paliandh — — — [t T ™ ™ " = - —-
T 0.02 - _
- P %
< 0015 s0 8 © 6
3 o| o g 2
<001 B g S 1
e 0 O »
~ o 8 4
S Q
o = 3
E o
2

-

Q



COE with CO2 tax [$/GJ.]

Use LCA for decision making

¢ Economic competitiveness of process configurations
> Influenced by economic conditions

CO:
70 .. ®Pre—comb. ___ +Post-comb. >Pre-comb. _ Capture [%]
BM Selexol MEA ATR Selexol
60~ b 14.28/GJ, . >
S o Strategy for N
“ supporting decision-
making?
40 S wies base Erot 2/-2%
: . CO, capt. 10%
S, .
- E 4
+ 5. high w5
20+ "t ss8Gr, o Eet2l%
XY 558/t CO, capt. 85?/0 —
10 i il ]
25 30 35 40 45 S0 56 60 low:14.28/GJ ., 208/t ,, 4500h/y, 15y, 4%ir

base: 9.78/GJ , 358/t.,, 7500h/y, 25y, 6%ir
high: 5.58/GJ_, 55%/t,, 8200h/y, 30y, 8%ir

Energy efficiency [%)]

L. TOCK b



Decision-making

¢ Most economically competitive process configurations

System

Performance

Feed [MW,, ]
CO, capture [%]
e, [%]

tot

Net electricity [MW ]

[ kg CO2, Ioca/ G'Ie]

COE incl. tax[5/GJ ]
Avoid. Costs incl. tax [S/

tCOz,avoided]

> CO, capture penalty

NGCC Post-comb ATR BM

o« Efficiency N: 6-10%-pts (CO,
no CC MEA Selexol Selexol compression "‘2%-pt5)
559 582 725 380 e COE A: 20-25%

o 82.9 78.6 69.9

B > Best performing process
58.75 50.6 35.4
* Efficiency: Nat gas. pre-comb.

328 295 383 135 .
m * Economic: Nat gas. post-comb.
105 '3-9 22.2 * Environmental: Biomass pre-comb.
18.2-28.8 m 12.8-42 15-69

63121 49127 o253 > Competition between processes
and objectives!

L. TOCK b
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Harvesting renewable energy sources
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Cell Efficiency (%)

PV efficiency

Best Research-Cell Efficiencies

ZINREL

Transforming ENERGY
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Energy return on energy invested

*0 Encrgy Return On Encrgy Invested (EROI)
40 |
n
30 | .
5 Electricity produced
S EROI = Y P _
TR | Energy for panel production
10 | + + +

o 1 L L 1
mono-Si (9) poly-Si(10)  a:Si (5) CdTe (7) CIGS (6)

1 8.7 116 14.5 342 199
o 3.5 52 5.1 13.5 8.2

« variation in embedded energy was greater than the variation in efficiency ...
suggesting that the relative ranking of the EPBT of different PV technology today and in
the future depends primarily on the embedded energy and not the efficiency »

(Bhandari, et.a.. (2015).. Renewable and Sustainable Energy Reviews, 47 133-141) @ CI R AI G‘:



Energy pay-back time of Photovoltaics systems (meta-analysis)

Photovoltaic pannel Median (years) Standard deviation
(# studies)

Mono-SI (9) 4.1 2.0

Poly-SI (10) 3.1 1.3

a:Sl (5) 2.3 0.7

CIGS (4) 1.7 0.7

CdTe (7) 1.0 0.4

(Bhandari, K. P, Collier, J. M., Ellingson, R. J., & Apul, D. S. (2015). Energy payback time (EPBT) and
energy return on energy invested (ERQOI) of solar photovoltaic systems: A systematic review and meta-

analysis. Renewable and Sustainable Energy Reviews, 47 133-141.) -
@ CIRAIG



EPFL Energy pay back time of solar panels *

2T PSC-PSC tandem (30%) - 1°f generation
PSC 2 (11%) - 2"9 generation
PSC 1 (9%) 39 generation
OPV - £
DSSCs - EPBT (year) = —=
CdTe - Eout
CIS
Ribbon-Si -
p-Si 1
SC-Si
0.0 0.5 1.0 15 2.0 2.5

Energy payback time (EPBT, in years)
Bhati et al. Escape 33, June 2023



Comparison of Environmental impacts indicators for different solar cells

THITT cancer eflect COWF o COL W)

- (Muteri et al. 2020. Review on Life Cycle Assessment
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Medium term material criticality in (U.S. Dep of Energy)

Innovation is needed in the long term to contribute reducing the quantity of critical
metals used in energy technologies

Neodymium Dysprosium

) o
(high)
5 Tellurium  Vetrigm | Terbium
o 3 (:)," . [ Near-Critical
c
8 Od Not Critical
v Cerium Lanthanum
o 2 Cobalt Manganese
= Gallium Prasecdymium
] Indium
- 1 Samarium
S @
2l (low)
E
1 {low) 2 3 4 (high)
Supply risk

(U.S. Dep of Energy. 2011. Critical Material Strategy) @ CIRAIG
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BUILDINGS : RENEWABLE ENERGY HUB
90+ % CO2 EMISSIONS REDUCTION
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EPFL Dynamic LCA - effect of exchanges e |

Engineering
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EPFL Smart renewable energy 46

= Impact from the system design

= Harvesting
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= Efficiency

= Conversion
= Impact from the operation

= Costs vs CO2 content vs Life Cycle Impacts
= Impact from the mix grid

= 25 years (life time) perspective



Integrating personal mobility
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Déméler le vrai du faux

La voiture a hydrogene est-elle
I’avenir du véhicule particulier 7

0 Temgs Jelecture 10 mn

oetoore 202
17 cctoore 2022 o

. C‘ pet
o =
moge rines n
1déos codic ! " - =
v - o
o — ot [
¢rancein o solution
sl i f0€ 1 cs ‘0
ture slectrique e\s\:zr
a o o Macron €
Poufqu°‘ ‘ s dép\d“" @ p\,\nz & Fari® Emm'“eu;
- ‘m ue sar
m"dc‘e cel automad|® e, B0 Jrtont (O3 sl vertt
lan du mMondic! suvolr cette filler
AVoesas lent pro
ﬂeﬂ‘ el
gbuvefne

Source :

. ”” 131G |-
ment ot Voo | ’E‘Hdée l'en

s'f'if:) 3 _
udgot e

,’I‘-’-F:.-r
CEELNIIOME Ean
Far van - Oy ee L
o L o T, E QUi ry WIENE & s
IR e e Tl iston e U dis<e < 2ag _2“?,[,;- -
= SR Lo a = Luadizse " VoL -1fru,
NS vy d T B e “l"“?\-':'v' $ Dagy
s Uume coh Vs Aaln NG 3y n
"o g, x kv, U e . Vel @ R N0 due.n ¢ @EIMENT nare
B A L [ T — ; - Rutie gy, g, . =T pantie e YOUS fous
ST QUR g e i VN oo waarouizz
S RN b ue UTF iy .
vty e L vUlyre P
Lt Wl 11 e oL GA
2L

est-elle vraiment ecolo ?

LE210CTOBRE 2022 A9 min

Sur 'ensemble de son cycle de vie, la voiture électrique est généralement plus
ecolo que sa concurrente thermique. Mais cela dépend de nombreuses
cenditions, et son futur développement ne regle pas notre dépendance au tout-

veiture,

https://www.alternatives-economiques.fr/voiture-electrique-vraiment-ecolo/00104884

https://www.francetvinfo.fr/meteo/climat/pourquoi-la-voiture-electrique-n-est-pas-la-solution-miracle-pour-se-deplacer-sans-polluer_5425306.html
https://www.tesla-mag.com/la-voiture-a-hydrogene-est-elle-lavenir-du-vehicule-particulier/

https://www.energie360.ch/fr/energie360/savoir/mobilite-ecologique/avantages-voiture-au-gaz/



https://www.alternatives-economiques.fr/voiture-electrique-vraiment-ecolo/00104884
https://www.francetvinfo.fr/meteo/climat/pourquoi-la-voiture-electrique-n-est-pas-la-solution-miracle-pour-se-deplacer-sans-polluer_5425306.html
https://www.tesla-mag.com/la-voiture-a-hydrogene-est-elle-lavenir-du-vehicule-particulier/
https://www.energie360.ch/fr/energie360/savoir/mobilite-ecologique/avantages-voiture-au-gaz/

Different technologies

Combustion
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Hydrogene
35-40%

Efficacité tank-to-wheels

Source : Swissenergy, « Incidences environnementales des voitures de tourisme ». Suisse Energie,

2020



Comparing different types of individual mobility
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La voiture électrique émettent 2 a 3 fois
moins de GES que les voitures a combustion

La batterie électrique des voitures a batterie est considérée a 36kWh.

PV : photovoltaique,

GNS : gaz naturel synthétique, produit par électrolyse avec le mix électrique
suisse et le CO2 de I'atmosphére.

Gas : 80% gaz naturel et 20% de biométhane.

L’hydrogéne pour les voitures a pile a combustible est produit par reformage de
gaz naturel (SMR) ou par électrolyse (mix électrique suisse ou PV)
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L’hydrogene nécessite beaucoup d’énergie
primaire pour étre produit, car les rendements
des électrolyseurs sont aujourd’hui de 60 a
75%(@)

Source : (1) Swissenergy, « Incidences environnementales des voitures de tourisme — aujourd’hui et demain ». Suisse Energie, 2020.. Disponible sur: https://pubdb.bfe.admin.ch/fr/publication/download/9460

(2) « Document de travail - Energie », sur The Shift Project, juillet 2020, p. 24.



Functional unit (km) and life cycle

1
3.3.1 Distances parcowues par l'ensemble des véhicules -
523 mINE de IoMLTes ort £1¢ ParcoJrus anmue keman: par ks Wehicules de transzorn de - — — .
PaSSSaCTSs (reiicybas nan compris;, dont 37 % par 125 vehicu es de m2ins de 4 ans e tout de P —Voiture & gic a comaustible
mame 15% par 125 vehicu €5 3925 d2 14 ans et pus. g - —\tpitl.re 3 natrterne
= —ICCY GNS
Yohizules da iraraport de pessage s : nomtee total ce <iombies parzoura annuellement (on v o, -l FY (3T
mi llons Oe Miordres) par les vehicules présanies par clazse dage (PEFA 2000] 5 o o ST
3 —C Y inee
= 30 |0 FY Famence
=
=

Yoo o
-~

\

D -
o 20 i —/
2 - Elec zéro-
2
‘= carbone
€53 milons e Licontne pa counn per a vl pes Feasenitie dos v oo s degecanms | i
o% 1% R0 »e o EN ars 30 s W 0N U ' ' ' .
S ARE ] Sb o0 1L 200 150000 200000 5000 SOJWUCT 32000

Dislarz pzicoviue (Yuiée de vie) onf

Flguss 3 Evbigars 26 0 4 atfe de Sevs 200dant 3oum & dords o e 36 8 Maranta ubh 2066, s sust bl G gacched an o 2040 Qe drebel < CEA wdlra 3

https ://WWW- neWSd . ad m i n -Ch/n eWSd/ e Sreentond ey 2N g el send e a goetal o roainobeas s bmzcbe ingoe smsand b O b Par el s s shae s
et s e pocr owos fos boranes 30 vth oy o5 d Eatie e of produr: Unyieoagene o asdlres D p e doowbuziinbe aSace a5l un mibrgo comzost 3
message/attachments/1587.pdf

0% 26 ga WL 013 20% o bicrartara i hana i otk 5 66 2 20 mGTNDE SO0 Y R A0 EDIZIRNMENT 220k 1507000 km a1 200°C00 k.



Electric vehicles vs conventional vehicles (QC)

EV more impactful than CV at purchase (x 1.5 — 2)

Breakeven point ~ 30,000 km

. . T Electric vehicl
Gap increases with vehicle lifetime —e— Llectric vehicle

--s=+ Conventional vehicle

10
E —eo®
. 8 ........
$ §7 e
Z£3; 65% . 80%
R
£33 e
C ¥ 2 e M “
1 o
0 km

0 50000 100000 150000 200000 250000 300000

Distance traveled by the vehicle
(CIRAIG, 2016)



Electric vehicles vs conventional vehicles (QC)

Similar trend for the « human health », « ecosystem quality » and « resource
depletion — non renewable»
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Electric vehicles vs conventional vehicles (QC)

Trends are reversed for the indicator « depletion of mineral resources»

Epuisement des ressources minérales

(x10° kg )
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1
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0
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(CIRAIG, 2016)

t 25%
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» End of life

» Use phase

» Transport between production
and use

¥ Production of the battery

u Production of the rest of the
vehicle



Electric vehicles vs conventional vehicles in other context

(FR and DE)

Variabilités du potentiel de changement climatique Variabilités de la consomrmation d'énergis primairs totals
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RENEWABLE ENERGY HUB
AND E-VERHICULES
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cPFL Producing Data
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=rrL. Heating with bits

HEAT WITH BITs - Combined heat and data system

,,,,,,
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RENEWABLE ENERGY HUB
AND DATA PRODUCTION
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SOLAR PV + HEAT PUMPS + E-VEHICULES + INTEGRATED DATA CENTERS




=P~L Integrating Renewable Energy Sources : Biogas + PV+ Power2gas

building vs community

e District scale => interactions between buildings
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INTEGRATING CITIES BY DISTRICT HEATING

Sources de chaleurs F=001— Tcold) Utilisateurs
Lhot cha oid
&y mon
— (OO0,
Industrie: >80°C 1.25 kWth/kW ——
Data center : 30°C 17°C ]
e a0 035 kWeRAW | Distribﬁ?i%:nv° anergie

D. Favrat, C.Weber, CO?2 based district energy system, U.S. Patent 2010018668



DISTRICT RENEWABLE ENERGY HUBS

www.exergo.ch

COy

Heat Sources
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Import ..
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SOFC Fuel cell

Efficiency : 80%

CO?2 captured
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STORING EXCESS OF ELECTRICITY

l /’, Efficiency : 20 %

Efficiency : /8%

Stored energy
Methane

Co-Electrolysis

Heat

[ ] | ] [ ]
rt | 1 1 | 3-16 96 Solar ef
Artificia phO osyn hesls : o JOIdI’ € |ICI€IIC>/
L. Wang, et. al. Optimal design of solid-oxide electrolyzer based power-to-methane systems: A com, ive comparison between steam electrolysis and co-electrolysis. Applied Energy (211), 2018, 1060-1079.

EPFL
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System Roundtrip : from 60% to 80%21 —
Liquid CH4 EE EPV
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Fuel cell
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Liquid CO2 Fuel cells mnova’uon (|< Valals)
sh Agrawal. "Continuous power supply from a baseload renewable power plant." Applied Energy 122 (2014):




=Pr~L Waste water management : chasing the heat soruces

Heating &

Hot water production,
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Girardin et al., ENERGIS, A geographical information based system for the evaluation
of integrated energy conversion systems in urban areas, Energy, 2010
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S ORGANIC WASTETO CLOSE THE ENERGY BALANCE

- Electricity
Sustainable natural gas Fuel cell ] |
(H20) 1 CHy4 as
11
11 - 1
] 1] = ]
Organic waste : 2C(HO) s
Food WWTP

1 COo

B e e 50% : Biomethanisation
BEBEBEN /0% : Hydrothermal gasification ( )
BEBEEEN /0% : Synthetic Natural Gas

Gassner et al., Energy & Environmen tal Science 4,no. 5 (201 1): 1742. Gassner et al,, Energy and Environmental Science 5,no.2 (2012): E PF L


http://trea-tech.com

BYEY  COMBINING BIOMASS CONVERSION AND ELECTROLYSIS

Sustainable natural gas Gas grid
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T 1 ] Storage capacity
BIOMASS : C(H0) NEO)) Alternatives
H,O CH 1 - Methanol
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Electricity Grid
Sy Power to Gas

CO?2 sequestration

Gassner, Martin, and Francois Maréchal. "Thermo-economic optimisation of the integration of electrolysis in synthetic natural gas production from wood." Energy 33.2 (2008): 189-198.



=P'L Biomass resource and conversion

Natural gas 201 |
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INTEGRAT
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S — System Roundtrip 80%

Liquid CH4 EE
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Co-electrolysis Fuel cell
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to sequestratioh

Liquid CO2 Fuel cells innovation (K-Valais)

Al-Musleh, Easa |., Dharik S. Mallapragada, and Rakesh Agrawal. "Continuous power supply from a baseload renewable power plant." Applied Energy 122 (2014): 83-93.



AUTONOMOUS C|T| ES Waste to energy
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Schorcht et al., 2013 [128], Pascal et al., 2015 [129], IPCC, 2018 [188], Wang et al., 2017 [130], Suhr et al., 2015 [131], IPESE, 2017 [132], Cusano et al., 2017 [133] , Roudier et al., 2013 [134], IPCC, 2007 [135]



CARBON SINK 7
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CIRCULAR ECONOMY-EFFICIENCY AND INTEGRATION
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=PrL La suisse mdependante et neutre

Chemical storage
Liguid fuel : 15 - 88 [W/cap]
CH4 : 140 - 170 [W/cap]

Biomass : 290 - 340 [W/cap]
Waste : 180 - 230 [W/cap]

Industry Elec: 110 - 140 [W/cap] = = v > e s §
Industry heat: 210 - 250 [W/cap] : N, ' ﬂp
£ _ —

Transport Air : 240 - 290 [W/cap]
Freight : 70 - 90 [W/cap]
Public: 60 - 90 [W/cap]
Building Elec: 270 - 320 [W/cap] Private: 100 - 140 [W/cap]
Building heat : 630 - 740 [W/cap]

abha =

PV : 230 - 1800 [W/cap]
Wind : 20 - 80 [W/cap]
Hydro : 380 - 500 [W/cap]

I._‘

00000

HP : 460 - 680 [W/cap) (21 - 34 %) <0, CO:seq:0.8-1.2 [t/y/cap]
DHN : 340 - 460 [W/cap] (48 - 72 %) = Net CO; emission: -0.6 - 0 [t/y/cap]
Other : 110 - 170 [W/cap] (19 - 33 %) .
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cPFL Life cycle indicators at the energy system levels for the energy transition -

min CF min Cost min FNEU

’rsm /,50% "sm
2000 £10000

-39% -81% -17% -65% -49% -71%
RHHD -35% _34% Cost RHHD —14% _47% Cost RHHD —58% 5% Cost
-36% -53% 7% -17% -60% -64%
1500 L7500 ® CO2 Storage
® Diesel Storage
REQD ENEU REQD ENEU REQD ENEU © NG Storage
® Storage Hydro
min REQD min RHHD min WSF @ Costs
gz g
§ § Bg Operating Costs
WSF oo WSF oo WSF oo == 1000 F5000 =9 Maintenance Costs
CF cF CF Em 2
E
=03 5 o ES =3 Services
. . <= S
o L o ZF Elec. Infrastructure
0% £ £
’ ’ Gas Infrastructure
<o <iaos o0
Geothermal
—47% —70% —47% -72% —76% -71% Hydro Power
Wind
RHHD -57% _15% RHHD —59% 020 RHHD -55% 18%
Cost Cost Cost 500 - 2500 . PV
—60% -64% —43% —62% —52% -60% [l ©sting inirastructure
REQD FNEU REQD FNEU REQD FNEU
0 Y

2020 Cost CF FNEU REQD RHHD WSF

Relative variation to the 2020 scenario %]

Figure 4: Overall cost composition of energy systems for single-objective optimizations. The secondary
axis highlights installed storage capacity. The 2020 scenario represents the current Swiss energy system
and the other six represent hypothetical scenario for an energy-independent Switzerland 2020 with single
objective optimization.

Figure 3: OF values comparison for SOO. Each sub-figure corresponds to an individual optimization.
The height of the segments corresponds to the OF’s relative variation to the 2020 reference scenarios OFs
values [%).
CF': Carbon Footprint, Cost: Total Cost, FNEU: Fossil and Nuclear Energy Use, REQD: Remaining
Ecosystem Quality Dammage, RHHD: Remaining Human Health Dammage, WSF: Water Scarcity
Footprint

Schnidrig et al., ArXiv preprints , dec. 2023

Frangois Maréchal — francois.marechal®@epfl.ch



EPFL Take home message "

= Impact is not only local emissions
= People define the needs
= functional unit definition

= Renewable energy means harvesting

= Impact is associated to investment => construction and End of life phases
= Efficiency define the energy consumption at the systemic level

= Investment in efficiency creates an impact
= Think system and circularity

= Life time of the investment

= Reuse-recycling-upcycling

= Waste is a resource

= Grid connected systems + Energy management
= The energy system is used to produce the investment

= Solar panels will be created by renewables based energy mix

= So as batteries



