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EST CE QUE NOUS AVONS UN PROBLEME
D'ENERGIE ?
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SO|e|I temps neécessaire pour fournir nos besoins annuels

La centrale nucleaire
de mere nature

6500 ans

/ ’ Notre survie si nous utilisons | an d'energie solaire




Energie stockée

20 MJ/kg

PEUT-ON APPRENDRE DE MERE NATURE ?
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LA SOLUTION DE LHOMME
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1962 : Lhomme est fier de sa decouverte

TAKU GLACIER, ALASHA, 15 A AFVER OF ICE STRETCHING 270 SQUARE NALES. YET THE PETROLEUM ENERGY MUNOLE SUPPLIES AMERICA COULD MELT T AT THE RAYE OF 7 NILLION TONS A DAY

EACH DAY HUMBLE SUPPLIES ENOUGH ENEFRGY TO MELT 7 MILLION TONS OF GLACIER!

This giant glacier has remained unmelted for centuries. Yet, the petroleum energy Humble supplies—if

converted into heat—could melt it at the rate of 80 tons each second! To meet the nation’s growing needs
for energy, Humble has applied science to nature’s resources to become America’s Leading Energy Company, _ S
Working wonders with oil through research, Humble provides energy in many forms—to help heat our homes, H U M B E_ E ; ——t g N C 0 | =
power our transportation, and to furnish industry with a great variety of versatile chemicals. Stop at a Humble OIL & REFINING COMPANY (7% \ '

station for new Enco Extra gasoline, and see why the “Happy Motorings Sign is the World's First Choice! America’s Leading ENergy Company ’“"'-‘-‘ﬁﬂ \‘)ﬁ”

Y' 41 "\

2

(D
Inc, T. LIFE; Time Inc, 1962.



Les scientifiques savaient depuis 125 ans

Prol. 8. Arrhening on the Influence of Carbonie A
tn the Awr Wpro the 1 cinperature of | e G rowrd.,

Philosophical Magazine and Journal of Science
Series 5. Volume 41, April 1896, pages 237-276.

THE

LONDON, EDINBURGH, axp DUBLIN

PHILOSOPHICAL MAGAZINE

AND

JOURNAL OF SCIENCE.

 FIFTH SERIES.)
AP RITL 1806,
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| ES PETROLIERS SAVAIENT DEPUIS 40 ANS

GROWTH OF ATMOSFHERIC COz2 AND AVERAGE GLOBAL
TEMPERATURE INCREASE AS A FUNCTION OF TIME

-~

Obssrved 2ist Century Study

- - - - — ——

Exxon study (1982) | momn s

— T And Gas Balances Same
As In 27st Century Study
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https://www.theguardian.com/environment/climate-consensus-97-per-cent/2018/sep/19/shell-and-exxons-secret-1980s-climate-change-warnings



L CO2EST UNEM
+ 2°C

In Switzerland

Heat waves
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Fires and Droughts
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| A PEUR DE LA PENURIE

Natural gas NL T TF
London Natural Gas

Hrent
: AFX Electricity NL
° E C h an ge S dveC ‘ E U EEXA-EU COZ EmIssions

coal |lCE AFPIZ

» Marche de lI'énergie

 Marché du carbone

Jan-21 ARr-27

Sources: Refinitiv, Euler Hermes, Allianz Research



Une Suisse

ndépendante et neutre
en 2050

Qul,on l'a fart ...



URGENCE CLIMATIQUE
COMBIEN DE CO2 PEUT-ON ENCORE EMET TRE ¢

have we released more can we are |left to release?

to date? “safely” release *?

1010 ctco. 000

added added
1850-1999 2000-2015

what’s in the ground: 2755

35 /10 /80 1,265

in fossil fuel remaining other reserves
reserves company (including state-owned)
of all energy reserves that

companies could pbe
developed

)

* pbefore 2050 and still have an 80% chance
of staying below 2°C warming

CURRENT ANNUAL
FOSSIL FUEL EMISSIONS

TIME BEFORE WE BREAK
OUR ‘CARBON BUDGET"

8 YEARS

if emissions continue to increase at 2.5% per year

informationisbeautiful.org All data & workings: http://bit.ly/CO2Gigatons2016 -
=Pr-L


http://informationisbeautiful.org

QUEST CE QU'ON AVAIT RATE ?
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Renouvelable et Economie circulaire
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'ENERGIE POUR LE BATIT [M}w/hab]

Soberty Comfort Population —  Service
MJ->m2 heated m2->hab glle MdJ/hab

% .1 Surface habitable par personne A Graph of World Population Growth W Developing World

Surface moyenne des logements (1) par occupant, en m’,
Litres de mazout/m?an

selon le type et le nombre de piéces, Vaud 11000 m Developed world

Population
10000

1980 1990 2000

9000 =

8000

: = 7000

{ c 6000

S 5000

= & 4000

3000

Apres rénovation Minergie == @ @ 2000

2010 mm 1piéce 2piéces 3piéces dpiéces 5Spiéces Maisons En tout 1000
Minergie '

q4q 4444444«
d4qqq44q44€4
Population in Millions

44449

MinergieP| et+ individuelles 0
“ 1) logements avec cuisine ou cuisinette, occupés en permanence. 1750 1800 1850 1900 1950 5150
Date

Renovation New buildinds Population
PAOYAY, - 3.6 M hab

2050 30 9% +56 % 9.9 M hab

http://worldpopulationreview.com/countries/switzerland-population/



| A RESSOURCE POUR LE BATIT [M]w/hab]

CO2
00000¢

Chaleur utile

| a chaudiere a Mazout . 10

Rejet de chaleur



| ES BESOINS ENERGETIQUES D'UN BATIMENT

170 3 38

tonnes €02 /an/ 100 M2

/0 CHF/mois/ 00 m?
| 40 CHF/mois/ 100 m?
| 75% import
Chaudiere

Maison unifamiliale typique

CHF/mois/ 100 m2




830 : LA FORMULE MAGIQUE

I

SOUTCE

chauffage

Nicolas Léonard Sadi CARNOT (F) /\

1796 — 1 832 Fraction venant de |'environnement




LEARNING FROM ITHERMODYNAMICS

Use heat pumps

Heat needs

21°¢ 10

“lectricity

"
oo

nard Sadi
1796 - 1832

1.
. el
E — Qchauffage ) (1 . ) . .

Renewable energy from the environment



A CHALEUR DANS UN BATIMENT

CONVERSION: INTEGRATION D'UN

DOMD

Projections colts photovoltaique

040 European PV LCOE range projection 2010 - 2020

036 Including multiple size segments (residential ® MWs scale)
0.35 Including VAT for residential segment
Reflecting differences in national irradiation, operation cost, etc.
0.30
_—
L
< 0.5
"4
~
2 0.20
€
0
c
W 0.15
S
~10.16
Q 0.10
O 0.10
0.05 Data Source: 008
' Solar Photovoltaics Competing in the Energy Sector,
W. Hoffmann(EPIA), PVSEC Hamburg, September 2011
0.00

O S DU S S S DU D SO D £
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Year



SYSTEM INTEGRATION
0.4-0.3"

Mm2PV/m?2

) -
Big data H
Predictive control D D
N/
*renovation d

Bat erles I —leat pumps

t water tanks Peaks

tlectrical grid



70+% CO2Z2 EMISSIONS ReEDUCTION

3.8

tons CO» /year/ |00 m4

)

170

CHF/month/100 m?
—nergy : 140 CHF/month/100 m?

nvestment ; 30 cHF/month/100 m2 N

0.18-0.07~

tons CO3 /year/ 00 m?

*renovation

163

CHF/month/ 100 m<
Energy ) 50 CHF/month/100 m2
nvestment : 1 13 CHF/month/100 m2



= "ENERGIE DE NOS DECHETS

“lectricity

Fuel cell

Gaz Naturel Synthetique
1 CH4

(H,O)

T
L] eat =
Organic waste : 2C(H20) Heat
1 CO2

Bl e 30% : Blomethanisation
BEBREEEE /0% : Hydrothermal gasification (http://trea-tech.com)
BEREEENE 70% : 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

w  STOCKER LEXCES D'ELECTRICITE

. @

Efficiency @ /8%

Stored energy
Methane

-Electrolysis

Heat

| | | | | |
Artificial otosynthesis : | 3-16 96 Solar eff f
p| | Y N . o D0Ildr CITiciency
L. Wang, et. al. Optimal design of solid-oxide electrolyzer based power-to-methane systems: A comprehensive comparison between steam electrolysis and co-electrolysis. Applied Energy (211), 2018, 1060-1079.

=PFL



- OF BIOMASS AS AN ENERGY MANAGEMENT SOURC

Synthetic Natural Gas Gas grid
] ‘ .3 x GNboi
CHa4 ] .\

BIOMASS : C(H,0)
H->O

“lectricity Grid

Storage capacity
COy

]
.?Hzr DS

4+ COr=>CH4+2H,0 . .

OZ

Power to Gas |
CO2 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.



A NEW GAS BOILER

Captured CO?2
(]

Organic waste network
Gas grid

SX

PV more heat than
“lectrical grid ..= combustion
Data grid ] ]

-nvironment

=PFL



HARVES TING EFFICIENCY : DISTRICT HEAT PUMPING

Decentralised
Heat Supply

Decentralised
Energy harvesting

Waste heat industry: >80°C 30 °C

Data center : 30°C CO2 \L/
Wast ter: 13=20 °C <t |
aste water Distribution

Ground water : 10 °C
_ake water : 7°C
Refrigeration : < 0°C

D. Favrat, C.Weber, CO?2 based district energy system, U.S. Patent 2010018668
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http://earth.google.ch
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Refroidissement

_ac
Riviere

Liquide Vapeur

48
CO2 4 {
Temperature = 17°C 4 { ’

5 OC .................................................................................................. Pression' =50 b "i!‘! ........................................................................................................
| 5

o T TR (L g S N Y L .. e Y 4 N R
—5 """"""""""""""""""""" S. Henchoz, F. Maréchal and D. Favrat (Dirs.). Potential of refrigerant based district heating and cooling networks. These EPFL, n° 6935 (2016) G
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http://earth.google.ch
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LES NOYAUX ENERGE HQUES DE LA VILLE
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http://urb.io

GARE - CENTRE COMMERCIAL - PME : NOYAU ENERGETIQUE

Urban Energy hub Trains : Mobilité

Trains : Logistique

PV Plateforme
Storage Appart. Gare -Centre | Batteries EV
Bureaux Commercial - Par.klpg - Chargeur =Y,
sport Logistique
Data SMI-SME parks
_ _ : Hydrogene (bus et camion)
Réseaux HVAC/refrigeration pompe a chaleur
Electricité, gaz, eau Cogeneration - Fuel cells - électrolyse

ECS Batteries Eau froide
Super-cap  Hydrogéne

District voisin

— [ Ressources



POMPE A CHALFUR URBAINE

| WWW.exergo.ch

Récupération de chaleur

Pompe a chaleur

Centre ville : bord du lac
84 % 6

Refroidissement | | ans
Fconomie d'énergie

—
N COP =757 temps de retour
-nvironnement




POMPE A CHALEUR URBAINE ET PV

| WWW.exergo.ch
m
==
€ ey /

Refroldissement

~ L -nvironnement




INTEGRATED ENERGY MANAGEMEN T
,//,\' CUrmmer System Roundtrip 80%
o -

. Liquid CH4
]
-

Co-electrolysis

CHA4




INTEGRATE : AUTONOMOUS CITIE Energy Management
VWaste to energy )

Power to (Gas
Cower
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Industrial Waste Heat
t pumps
Photovoltalc

E-mobility

Coonzge‘ el 25 12.5 100 %

Refrigeration m2 PV/hab KE€/100 Mm2era Renewable
o)
= 84 % 6
-nvironnement Energy savings — years returns

, 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]




BISEONNIRVANCRINDIOSTRN

Heat valorisation

Efficiency Heat pumping Energy conversion
Heat recovery Waste heat to Renewable resources
electricity Combined Heat and Power
Combined Heat and Fuel
Technology efficiency cO?

Technology improvement
Optimal operation

Capture, reuse, sequestrate

Energy system integration
RES integration
Heat and electricity storage
Hydrogen & power 2 X

Energy Audits
Energy Drivers

System expansion
Industrial symbiosis
Waste to products
Waste-water-energy
Circular economy
District heating/cooling




BIOMASS AS THE MATERIAL AND ENERGY RESOURCE

Capture

Construction materials
Chemicals

310-plastics

Papers

VWoody biomass
C(H0)

H,O

Renewable Electricity

Power to (Gas

COZ sequestration



| A MOBILITE

36%
—fficacite . . . Mobilité douce

Transport Public : electrique/hybrid

Veéhicules electriques
Véhicules Hybrides et range extenders (H2, CH4)
Capture du CO?2 sur les vehicules

T RAVSTPOAT
Bio-Fuel

. Hydro et eolien
|00 | gasoline/hab/year



VERICULES "RANGE EXTENDERS”

Parking mode

Autonomie : 950 km
Cons: |.1/100 km

Centrale électrique : 3.5 kWe (eff. >/70%)
Batterie : 5 kVWh

CO2 Gnid (Gas Grid

SOFC-GT

Power

| = e Hybrid car CO2 Grid
MWN@UVM/ Data Grid Data Grid

Micro
-1, Grid

Dimitrova

, Zlatina, and Frangois Maréchal. "Environomic design for electric vehicles with an integrated solid oxide fuel cell (SOFC) unit as a range extender." Renewable Energy 112 (2017): 124-142



CAPTURER LE CO2Z SUR LES CAMIONS

\/\vaant|s com !

] ——
3 Ad SO rbent

| CO/l fuel . Turbo compresseur”
|

D76

ke COn/kg payload

Sharma, Shivom, and Francois M.A. Marechal. 2019. “Carbon Dioxide Capture
bustion Engine Exhaust Using Temperature Swing Adsorption.”



http://www.qaptis.com

=PirL Une Suisse indépendante et neutre :
une multitude de solutions - une vision systemique

Investments
(New) Technologies => sizes
Infrastructure => synergies & mutualisation

TRAVSPOAT _
¢

Renewable resources
Where-When-How much

Circularity
Waste to products
CO2 to products
Waste to energy

Waste-Water-Energy
e Behaviours
e Needs

e Services
e Values

-+ co“ CAPTURE

HIDRO

| Sustainability (metrics)
Well being/happiness
Economy

Environment

€D, 3€EQUESTR ATIOV

m IPESE Resiliency - security of supply

Industrial Process

and Energy Systems \Q CO2 sequestration

Engineering
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