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=Pr~L Defossilizing industry : systemic analysis and decision support .
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cP~L Energy efficiency : understanding the use of energy

Audit : flows & energy
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FIGURE 2.1—Mass and energy flows of the main units
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_Heat transfer Interfaces
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= Energetics of unit operations
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Heat recovery and heat cascade :

- Corrected temperature 7* =T+ / — (AT,;,/2)
= Graphical plot of the heat cascade : [ Ry, T*] r=1,n,
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The Grand composite is the heat cascade representation in the corrected temperature domain. it represents the flow of energy in the system
from higher temperatures to lower temperature. Above the pinch point is also represents the heat-temperature profile of the heat to be
supplied to the system and below the pinch it represents the heat-temperature profile of the heat available in the process and to be removed
from the system.

S| RSP, . & ; o "

u :r?clizusfrial Process q O Dtabmtm v ODST CSD=NGIN= :H.b'i H E E PFL
and Energy Systems “w, i e P I G
Engineering  NY e S e -



Closing the energy balance : energy conversion integration ;

I hermal Fxargy of Infegrated rilities
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cPrL Integrating heat pumps from heat source to heat sink
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Identify temperature levels 8

Temperature levels » Multi-stage heat pumps
(Grand Composite Curve
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cPrL Heat pumps and waste heat valorisation ;
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cP-
=

M IPESE

A.S. Wallerand 2018. EPFL Thesis

=Heat pump type ?
=\Working fluid ?
=Operating conditions ?

=Multi-stage compression /
expansion ?

=Subcooling/preheating ?
=Flash drums ?
=Compressor types ?
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L Heat pump integration : problem statement
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=Fri Systematlc approach superstructure model
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cPrL Fluid data base *

working fluids and their thermo-physical properties
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Noml tacknnlaging are marked with astersx (%)
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Optimisation to select and calculate flows in the system
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System integration results
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Thermal Fxergy of Tnlegraled Ulililies
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cPrFL Energy saving potential through heat pumps in Swiss industry

Method': based on sector blueprintsz
= Heat pump design for sector blueprints
= Preliminary results scaling based percentage that sector profile covers of the sector

Additional direct energy efficiency

Maximum energy recovery
measures

Primary Thermal

Electricity

Electricity Primary Thermal Electricity Primary Thermal

Sector

Opt. Techn. Cons. Opt. Techn. Cons. Opt. Techn. Cons. Opt. Techn. Cons. Opt. Techn. Cons. Opt. Techn. Cons.

Food and beverage [}/ 8% 1% 37% 30% 10% 3% 5% 1% 32% 30% 10% 12% 13% 1% 69% 59% 16%

Pulp and paper N/A 28% 22% 21% N/A N/A N/A 28% 22% 21%
Chemicals 0% 69% 41% 25% N/A N/A 0% 69% 41% 25%
Cement 0% 0% 50% 15% 12% 0% 50% 15% 12% 0%

Steel 0% 87% 9% 8% 23% 2% 2% 0% 23% 2% 2% 87% 9% 8%

Non-ferrous metals [} 52% 5% 2% N/A N/A N/A 52% 5% 2%

Total industry
(weighted)

1% 1% 0% 36% 19% 1% 27% 6% 1% 5% 5% 1% 28% 7% 1% 42% 24% 12%

[1] Wallerand et al., 2019, in preparation
—— [2] Kantor et al., ECOS proceedings, 2018
Industrial Process
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System integration results
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Thermal Fxergy of Tnlegraled Ulililies
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Electricity : 243 kWe (x 1.5) — utilities
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BIOMASS CONVERSION 7/

Electricity

Sustainable natural gas Fuel cell

1 CH4

(H20)

Biomass waste : 2C(HO)

Heat

1 COo

B e e 50% : Biomethanisation
BEERNEE /0% : Hydrothermal gasification (http://trea-tech.com)
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

System integration Waste valorisation + Fuel cell + Biogaz export

Thermal Fxergy of Tnlegraled Ulililies
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BYEY  COMBINING BIOMASS CONVERSION AND ELECTROLYSIS

Sustainable natural gas Gas grid
] | [.3 x NGaor|
| CHg4 1 » :
BES s -
11 ,
T 1 ] Storage capacity
BIOMASS : C(H0) NEO)) Alternatives
H,O CH 1 - Methanol
. .. 4, +COp=>CHy+2H,0 4- . - DME
as © F-T fuels

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.



BIOMASS RESOURCE AND CONVERSION
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E PFL Integrating synthetic natural gas production in the energy system : Combined heat and fuel production

Swiss Energy System

i Storage ~ Cogeneraton  Photovotaic = Demand I Total Production
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2C(H20) + 4H2 -> 2CH4 + 2H20

WOOD
100 MW,

170 MW SNG Fuel

38 MW Useful heat My
(/) 37 MW Waste heat
City

145 MW, ay 123 MW, dry CO2 + 4H2 -> CH4 + 2H20

Sequestration or storage
(108 kg CO, avoided / MWh wood)

CH4 + 202 -> CO2 + 2H20

67.5 MW SNG
Fuel

15.7 MW Useful heat (200 °C
e Jﬂﬂ@%
16.8 MW Waste heat )
City

1.4 MW net electricity

Winter

2C(H20) -> CH4 + CO2



cPrFL

1.6

wood boiler

2.1

wood boiler
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Combined Heat and Fuel (CHF) production
Substituted fossil carbon per unit of biogenic carbon in wood

0.7 7Wh
054 TWh 1.78 I/t C.aTwr slectricky from steam cycle
iy e 1.78 Mt
clectnicity » CO> to atmosghera electricity » COD: to sequastration
biofue 9.3 'Wh biofuel 5.18 Twh 2 8
wooad wood u
13 TWh uselul beal 194 TWh 14 TWh I ccful haat § cqTwh wood boiler
_ waste heat waste heat
CHF CHF + Carbon sequestration
wiiter wiriler
electricity » CO: to atmosohere elactricnty » COn to storage
hiofuel biofuel
wood wood
usetul heat useful heat
— waste eat — wasta haat 3 O
suriner SUnNuNEr e 2 19Mt |
12,27 TWh — ~OEC 33.6 TW ' . CC: stored

B

1.7¢ Mt

excess electricity
* €O to co-electrolysis

biofue' 1B.3TWF
woxd

14 TWh P useful Beat L94TWH

— acte heat

CHF + P2G without CO2 storage

For wood boiler (WB) 0.3 kg of fossil carbon are substituted per kg of biogenic carbon

excess electricity wood boiler

» CO1 to co-2lectrolvsis
1.73 Mt

biofue 34.7 TWk

wocd

14 TWh B e lrc 1.34 TWh

CHF + P2G with CO2 storage

Celebi, et al. Chemical Engineering Science 204 (2019): 59-75.



= NetZero LAB

.Z'EEO » Launched to develop carbon neutral
LAB solutions for Aluminium manufacturing at
valais Novelis — Sierre
= Net zero for scope 1 and 2 emissions at the
plant by 2030
= Integration with city district heating
demands

= Providing global solutions for Novelis
operations and other aluminium producers

year

Novelis Sierre, Switzerland

B CIRAIS Technical Meating — Fall 2023

Vovells messo o EPFL @OIKEN
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B Net Zero Lab

Generating process configurations *
Pareto: Environmental impacts vs. Total Cost

1004 3 Al electric v Multiple KPI : Environmental Governance
> Power to gas
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> bioSyngas X ; e
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=Fri Example of configurations

~ — — — —» 20M) Lo lhe environment
‘ Om vnn‘-.- " the
e [y, [ —— S s Sr T PP IS Rt A LT 2 ST T T T f o P ) .
4. F ade wos-e heat loyer ]-c_g_ 108 MJ 1o District
A
|
Wood: ’ l |
Energy: 100 M) - Muahmw{ | | | o
Carbon content: 100 %C ]
7 ' n : L Electrlcitr
2.7 kg € / 103 M N ! | ; | 11 M) L
7.4 ka €O, / 100 W) J | -
LAVary = 17 M/ Kggry [indirectly heatzd, ' |
! gasificaton €O2: 32 %C i ' Biogenic CO3 emitted:
I l 35 %C (2.6 kg CO,)
t ' ——— l N co2: 3%
Electricity: Soaswc |, | Shift reaction , I |
29 M) = = . 17w & CO2 capture | ‘
| . il § Coziszme — | X ~ * Biogenic CO captured:
R L - | 65 °%%C (4.8 kg CO3)
. 73 M
Recycled and pure | '
Aluminium: I L Alursinium ‘
20 kg Al 2 M)—s! production ‘ Aluminium tc the
process e T T T market:
p— ‘ | 20 kg Al
Conbustion
€O; Capture | | ror ths same aluminiam output:
‘ Today:
NG: 62 MJ
ElL 20 M)
3.8 kg CO5 from fossil
NO waste heat recovery
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E PFL Integrating with the energy system : Combined products - fuel production & electricity management

Swiss Energy System

i Storage ~ Cogeneraton  Photovotaic = Demand I Total Production

Excess in summer

6000

7 4600

s Excess in winter
?

5 Danand =505 by

2

:

E

W

150 5

0
Jn fed Mar Av My Jne Juy Aug. Sep Oct Nov Dec

M IPESE
Industrial Process
and Energy Systems g,
Engineering

2C(H20) + 4H2 -> 2CH4 + 2H20

CH4 Fuel

45% C Pulp Products M)’
District heat
City

CO2 + 4H2 -> CH4 + 2H20

Excess

Sequestration or storage

CH4 + 202 -> CO2 + 2H20

CH4
el

'S Fuel

qd-J 45% C Pulp Product

a8 6 C Pulp Products gustry

District heat

Net electricity production

2C(H20) -> CH4 + CO2



=P~L Integrated biorefineries renewable energy hub
L EGess T stmmer Up to 90 % Biogenic carbon efficiency

» \/‘/ Oz Electricity
%m Deficit.in.winter 118 MJe + 242 MJe
g ce,‘ ce"

System X X
PowerzX-X2Power @
Biomass 2 X H
— Thermo-Chemical
Biomass E
18000 MJ o
11 Biomass 2 X
Chemicals
Biomass 2 Pulp
PULP&FUEL
pulp and paper industry waste to fuel R
Pulp and Fuel project I \L i
Losses City Heating
St P 7] H0 3700 MJ 1100 MJ Fror e e 3 Noorter a2
Eﬂgiﬁgg% Systems ey, (1 50/0) Volume 10 - 2022 | https://doi.org/10.3389/fenrg.2022.979502


https://pulpandfuel.eu

Industry profitability

D
o

TOTEX change mill [%]
o

l
o
o

N
o

I
N
-

D 1
ID 12
DO
ID 15
WIN-WIN-win
Z0one
Y
e o8 o
—50 0 50 100

TOTEX change district [%]

Crtizen’s blll

W o ~ 00 ©
Payback period utility operator [yr]

IS

Utlility profit

(2]
o

Julia Granacher



EPFL
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cP~L Defining decarbonisation routes for the industry (AIDRES-EU)

Blueprint models per sector
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Figure 2.3: steel production routes schematic.

Results of the AIDRES EU project
decarbonisation of the EU industry (EU commission DG Energy)
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Figure 2.1: Pareto front of total cost and SCOPE 1+2 emissions for primary steel production.
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cPrL Industry decarbonation pathways

= Efficiency
= \Waste heat valorisation
= Electrification
= Heat pumps
= High temperature heat ?
= Renewable energy
= Combined heat and fuel production via co-electrolysis
= Electricity storage
= Biogenic CO2 mineralisation
= CO2 capture
= When fossil carbon is in the raw materials and not in the product
= H2 storage by carbon circularity
= Negative emissions from biomass
= Hydrogen from RES and Water
= As a reducing agent (removes O2) : Steel - Aluminium
= H2 as an atom : Plastics/chemicals
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cPrL Larecherche est la pour aider

= Questions ?
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