


CO, EMISSION REDUCTION!

Non-CO, emissions relative to 2010
Emissions of non-CO- forcers are also reduced
- or limited in pathways limiting global warming
Billion tonnes of CO,/yr to 1.5°C with no or limited overshoot, but

50 they do not reach zero globally.

Global total net CO2 emissions

Methane emissions

In pathways limiting global warming to 1.5°C 1
with no or limited overshoot as well as in

pathways with a high overshoot, CO2 emissions

are reduced to net zero globally around 2050.
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Black carbon emissions
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Nitrous oxide emissions
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Timing of net zero COz

Pathways limiting global warming to 1.5°C with no or low overshoot
Line widths depict the 5-95th —— s Pathways with high overshoot

percentile and the 25-75th - Pathwayslimiting global warming below 2°C
percentile of scenarios (Not shown above)

IPCC, 2018
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CCS (up to 1218 GtCO, until 2100)

Fuels, chemicals, materials:
CO, & energy

CCS & CCUS & CCU - joint development

Investing in technology relevant today,
equally relevant in 2050

Where possible, let CCU enable CCS
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waste water, other wastes &
energy recovery

CO, AND H, TO PRODUCTS

‘- secondary chemicals:
Og, air, N2, other

> Mass flows within the chemical industry (2030) @

€O, + 3H, & CH,0H + H,0

20, + 6H, < CH30CHs + 3H,0

) DME as Simple, Available, Sustainable, Low-
Emission, Infrastructure Compatible Fuel
https://www.aboutdme.org/

. -
L " acefone & phenol

acrylonitrile, propylene oxide, cumene

Wammmc chemicals
Brep ic aci —

ammonia

carbon dioxide
air and water
methane for heat

International DME Association

DHE: 215 Century Enerey Katelhon et al. (2019). Proceedings of the National
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DIRECT SYNTHESIS FROM CO,

) Steam separation enhancement: 1 -
process intensification for CO, utilisation §= 11 2
'] i 4
S o -
. T 5 i 3
) Reactions from CO,: o £
) Reverse water-gas shift 2‘ =
) DME synthesis b=
O S
) Methanol synthesis 9 T
G
) Methanation o ¢
®)
. . . . E 01 I I I I ]
) Reducing the steam partial pressure in situ 0.0001 0001 0.01 0.1 1 10

) Adsorbents

Residual steam partial pressure (bar)
) Membranes

van Kampen et al. (2019) Chemical Engineering
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https://doi.org/10.1016/j.cej.2019.06.031
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REVERSE WATER-GAS SHIFT

Reverse water-gas shift (WGS)
H2+C02 = CO+H20

COy +Hy ~ o CO+H0

a

CZA
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SORPTION ENHANCED RWGS

Reverse water-gas shift (WGS)
Hy+COy = CO+H,0

COy +Hy ~ o CO+H0

a a

CZA LTA
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SORPTION ENHANCED RWGS

>98% selectivity to CO

= =-CO thermo

> Sorption-Enhanced -
Re::;“’j::f: Shift —a-CO2 out
——COout

r h

L

O i

Flow CO, CO,
T

--Mﬂw

a4

Thermodynamic Equilibrium

30 40 50 60 70

Time [min]
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SORPTION ENHANCED DME SYNTHESIS

> Equilibrium model with in situ water removal

r 100%
) Stoichiometric feed (CO,), 275 °C, 25 bar(a) - o0%
- 80%
r 70%
5 C60% ¥ - = cO
) Target £ s £ - -cor
. § L oag% & DME
) 90% DME yield - cHaon
» Small residual CO, concentration e
10%
- 0%
1000
mbar H20
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THE FLEDGED PROJECT

» The FLEDGED project will deliver a process for Bio-based Dimethyl Ether (DME) production from
biomass gasification, validated in industrially relevant environment (TRL5).

co,

S — V1L

g
=) H; =
o

SORPTION-ENHANCED
GASIFICATION

DME FINAL USE

WATER
SORPTION

GASIFIER COMBUSTOR

BIOMASS

SORPTION-ENHANCED
DME SYNTESIS www.fledged.eu
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FLEDGED: BIOMASS TO DME

Biomass to DME with conventional process

Biomass
—]

Steam

Gasification
process

Tar/PM WGaGS co, H,S
removal unit separation separation

(if ind. gas)

H,/CO/CO,recycle

MeOH recycle

4 Lr MeOH
'l synthesis

MeOH MeOH DME DME DME
separation synthesis separation

Biomass
—

Steam

Lp

Biomass to DME by FLEDGED process
Optional CO recycle

(smaller for given yield)

o =St

SEG process | |
\.

Tar/PM
removal

|
H,S
separation

1
|
SE-DME DME DME
synthesis separation

Z ECN  TNO yizten

ED'GED

www.fledged.eu/

3 YouTube

https://youtu.be/JEn39Zi aCq
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EU INTERREG E2C PROJECT

mnterreg E ﬁzc Electrons to High Value
2Seas Mers Zeeen Chemical Products

European Regicnal Development Fund

International open innovation -
platform, open to additional industrial
partners during and after the project o

I |



http://www.voltachem.com/E2C
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THE CONVERGE PROJECT

) The CONVERGE project will validate an innovative process (TRL5) which will increase the
biodiesel production by 12% per secondary biomass unit used and reduce the CAPEX by 10%.

] /B 4
Syngas pre-treatment Sorption Enhanced Electrochemical Hydrogen Enhanced Methanol ‘ +12%’G‘l &
Reforming: H,/CO, separation compression i fesn
Syngas g: H,/CO, sep LP H, p Membrane synthesis Biodiesel
+5% efficiency +15% efficiency +15% efficiency

+10% efficiency ‘ : Productipn

) I -+
Biomass gasification

GUNVERGE o,

CarbON Valerisation in Energy-efficient Green fuels
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ENHANCED METHANOL MEMBRANE SYNTHESIS

conventional
Purge
! Crude
tj ® MethOH
——
—
\ B
N4
‘—
__
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membrane assisted

High-P

Crude

Purge
MethOH

WA

4R
/

@ [ ] Low-P
permeate e E;ﬂreutﬂ?DH
retentate
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BIODIME

> New process concept to produce DME from CO, rich gasses such as biogas

N

Feed gas

production
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@“ Transport fuel

Storage fuel

é Feedstock chemical

17 September 2019
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PERMEATION ENHANCED DME SYNTHESIS:
REACTOR CONCEPT

Products

O -
Catalyst R—

e .
',-—— Cooling element

!. ——— Membrane

.‘ Liquid

condensate
Feed side: i

v —» Removed water
H,, CO, CO,, CH;0H
CH,OCH;, H,O

Cooling liquid
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REACTOR MODEL

) Mass transfer model with reactor kinetics for

Feed side: N Condenser
estimation of DME production £2, €0, CO2, CHAOH Memprane - BT e
¥ N
) 50% increase in single-pass DME yield 1
0.1

iy _ Cooling
o~ ;. liquid
e »

2

3

0

@

=

-0.15 ‘ ' '
0 50 100 150 200

Temperature condensor plate [C]
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SEPARATION ENHANCED PROCESSES
FOR THE UTILISATION OF CO,

) Steam separation enhancement promising process intensification for CO, utilisation
) Complex interplay of catalysis and separation
) In situ steam removal to be addressed case specifically (not only theoretically)

) Adsorbents
) Sorption enhanced reverse water-gas shift
) Sorption enhanced dimethyl ether synthesis
) Membranes
) Enhanced methanol membrane synthesis
) Permeation enhanced dimethyl ether synthesis
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