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Carbon Dioxide Utilisation o W
Faraday Discussion \ ST

Monday 7 September

11:00

Reqgistration, Tea and Coffee

12:00

Lunch

12.45

Welcome and Introductions
Peter Styring, Chair of Scientific Committee

12.55

Discussion Format Presentation
Jonny Midgley and Mary Macleod, Faraday Discussions Fublishing Editors

13.00

Introductory Lecture
Martyn Poliakoff
Liniversity of Notfingham

Atom efficiency in small molecule and macromolecule synthesis
Session Chair:

14:00

finc complexes for the activation and catalytic Faper
transformation of CO2 6241

Richard Heyn
SINTEF

14:05

Mechanistic spectroscopic analysis of carbonate Faper
synthesis from COy and epoxides using amine- G643
bis(phenolate) complexes
Christopher Kozak

Memarial University of Newfoundland

14:10

Converting carbon dioxide and CDU products into drop-in | Paper
petrol replacements 6604
George Dowson
Liniversity of Sheffield

14:15

Discussion

15.30

Afternoon tea

16.00

Using Carbon Dioxide to Make Polymers FPaper
Zharlotte Williams 6244
Imperial College London

16:05

Thiocether-Triphenolate Metal Complexes as Robust FPaper
Catalysts for Carbon Dioxide-Epoxides Coupling under 6571
Mild Conditions
Carmine Capacchione
Uiniversita di Salermno

—
16:10

[4]

Crystalline Polycarbonates Mediated from Stereospecific
Copolymerization of CO,; and EpoXides
Xiao-Bing Lu

b o e 0 Fom o im en 3 5 o T il g s et
Lidiian University or 1 eCciinorogy

= T
L= p]

[mp}
[y}

16:15

Discussion

17:30

Foster Session and Wine Reception
Sponsored by Cogent




19:30

Dinner

Tuesday 8 September

C 05 reduction reactions
Session Chair:

09:00

Comparison of the CO; electrocatalytic reduction under
electrolyte and electrolyte-less conditions

Gabrigle Centi

Liniversity of Messina

FPaper
G239

09:05

Improving the efficiency of electrochemical CO. reduction
using immaobilized earth-abundant complexes

Alexander Cowan

Liniversity of Liverpool

FPaper
G578

09:10

Electrochemical Conversion of Carbon Dioxide to High
Volume Products

Richard Masel

Dioxide Materials

Paper
GETS

0915

Discussion

10:30

Moming Tea

11:00

Catalytic Activation of CO2 with Light Hydrocarbons
Peter Edwards
Liniversity of Oxford

FPaper
G240

11:05

TBC

11:10

Movel process and catalytic materials for converting of
COy and Hy containing mixtures to liguid fuels

Moii Herskowitz

Ben-Guiron University of the Negevy

FPaper
G585

11:15

Discussion

12:30

Lunch

C Oy reduction reactions
Session Chair;

14:00

Monequilibrium processing for energy efficient activation
of carbon dioxide

Richard wan der Sanden

DIFFER and Eindhoven University of Technology

Faper
4243

14:05

Plasma-based conversion of CO.: Current status and
future challenges

Annemie Bogaeris

Liniversity of Antwerp

FPaper
G608

14:10

Exploiting COq vibrational excitation to achieve an energy
efficient route for CO, based artificial fuels

erard van Rooij

DIFFER

FPaper
G676

14:15

Discussion

15:30

Aftemoon Tea

Wider impacts
Session Chair:




16.00

Environmental potential of carbon dioxide utilization in the
polyurethane supply chain

Miklas von der Assen

RWTH Aachen University

Faper
GEG3

16205

A framework for the analysis of the security of supply of
utilising Carbon Dioxide as a chemical feedstock

Eric Fraga
University College London

Faper
G641

16:10

What a waste! A qualitative study of public perceptions of
Carbon Dioxide Utilisation (CDU) technology

Christopher Jones

University of Shefiield

Faper
GE5E

16:15

Discussion

17.30

Close of sessions

19:00

Pre-dinner Drinks

19:30

Conference Dinner




Wednesday 9 September

Capture agents and conversion mechanisms
Session Chair:

0900 | Towards a scalable solution for industrial CCS: wet- Paper
scrubbing of CO, using olivine-derived brucite 6242
Michael Priestnall
Cambridge Carbon Capture

09:05 | CO; Capture and Electrochemical Conversion using Super | Paper
Basic [P6.6,6,14][1.2,4Triz] 6568
Christopher Hardacre
University College London

0910 | TBC

0815 | TBC

0520 | Discussion

11:00 | Moming Tea

Biotransformations and biomimetics
Session Chair:

11:30 | Solar energy utilization in the photocatalytic conversion of | Paper
C; into chemicals and fuels 6238
Michele Aresta

ChBE-NUS, Singapore and CIRCC-IT

11:35 | CO, Capture Systems Based On Saccharides and Organic | Paper
Superbases 6670
Goncalo Carrera
REQUIMTE — FCT/UNL

11:40 | Comparative Evaluation of Electrode Materials for the Paper
Effective Microbial Electrosynthesis (MES) of Acetate 6246
through Enriched Electroactive Homoacetogenic
biocathodes

Deepak Pant
VITO

11:45 | Discussion

13:00 | Concluding Remarks Lecture
Walter Leitner

RWTH Aachen University

1345 | Acknowledgements

1350 | Close of meeting and lunch

Presenting authors are indicated in the programme by an underline. The affiliation iz for the
presenting author. If the presenting author of your paper has changed since absfract selection please
email eventsi@rsc.org. Please note that this is a draft programme and timings may change.
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3.2 HELE

AR og g T B R S E esE R s N FEE R a2 7T
R ~ R bhikBIRNIE - RAYRIREBIAEYIEGESE - 80 - B AMRIBS 9t
SR ITE o R R b~ BB~ AR LR COMIEE A -

h COfEEEE L7725 - T2 (EMMEL - (G COMEYIY LS i K AR
(W ZFE 1 Fron) ° Castro-Osma 2 A (Paper No. 6241){# F Zn(OTf). (zinc
trifluoromethanesul fonate)FI Zn(Tos):-H:0 (zinc p-toluenesulfonate hydrate)
&g - 4 145CH1 50 bar COBRTTZIRMEMRIFT » PN _EZ(propylene glycol)m[i&Ei#
LS (carboxylation) » He&%E HIREE A MlE (propylene carbonate) » HERFN
BB LR 75% - Kozak ZFE A (Paper No. 6643){#FH LCrCl (tetradentate amine-
bis(phenolato) chromium(III) chloride)f%: > i CO.FIEAEEE % (cyclohexene
oxide) & 4= 2t % & I JE (copolymerization) - DL 4 b Bt % & C /& 5
(poly(cyclohexane) carbonate) ° Dowson ZE A (Paper No. 6604 ) {5 % B 4l &
(Grignard reagent, R-MgX: CH:MgCl) > ARS8+ A 10F0 2 AN LA EAS (50% CO2 /N2
100 mL/min) - {#F EH ZE 4 B B - Buonerba 2 A (Paper No. 6571) f# H
Thioether-triphenolate iron(I1T)f&#E » {EfHE CO-FIERE N (propylene oxide)E
EIRAE TR AE A (cycloaddition) » 5484 & propylene carbonate F1 glycerol
carbonate (WRf&HH) > HiE L3295, 7% -

BALEE(LATTH - 2R EEE RESMESERR » NE(LZEKIE (R
Nafion & TAHHERE) T » (i CO.ZFETF X A 14471 (41 acetone, isopropanol, acetate)
HAERR(CO, Ho) (A3 2 FR) » Ampelli ZE A (Paper No. 6239){8ER Cu ~ Co ~ Fe I
Pt FEEBEoRFENL » RN FORIRE SRR » DUE Ry - WHERS Nafion BEBLEAS
ERUEEM (gas-diffusion-layer) s HgeHE CO. B EF S IE » 2837 CO. I fE
JEEL acetone 1 isopropanol °

B LA - REHER SRR o COfEa s S EYTE R fm (WFR 3
Fff 75 ) ° Bogaerts 2§ A (Paper No. 6608)#E&T /18 & i & (dielectric barrier
discharge) ~ fUf (microwave) KOBBIEEN (gl iding arc)E=FHEHE » £ ZrO. ML
Bz F o H COBELERET Ry 45%  Rooij A (Paper No. 6676)FFHGUR B8 A g
CO, » SR A8 10" K > Feok COMREER By 45% -

“E/bhEHHEE (CO: capture) ST 0 2B BETHIEEIEIRT COx » EHIPECAR
[EI TR 2E T (2057 4 F7R) » Priestnall %8 A (Paper No. 6242)F|FH&&EAEEE (Mg (0H)»)
VE B EHem] o FHEE 4~5%2 0 o 1F 12 /NG [7 FERSRY > HIHFERE>93.6% » Yavuz
Patel (Paper No. 6678) DL PEI-COPs (polyethylenimine-impregnated covalent
organic polymers){EEIEHTE » 5~ 15% CO2 A THHERA T » i 0.08 /NI EfH Al
I B & (100 mg/g) ° Carrera = A (Paper No. 6670){FH F % EEE (41 D-mannose,
D-glucose, /S-cyclodextrin, alginic acid, mannitol) - Ei & #% & &
(tetramethylguanidine, 1,8-diazabicyclo[5.4.0]undec-7-ene)4EE Bk A » 72 5
MPa = COBRY] » [FERGRE/INGY 3 /NEFT » H COABRAEREY 11.5-13.5% » H CO.AJEl
HHEHERS ~ alcohol groups (BEEL)ZEJZEK carbonates (BREEZHERA) -

11



% 1~ QO by At

Paper No. fife o [ &) 7k Y] R
6643 Zn(0Tf). Propylene glycol BEEH Propylene carbonate T5%7N g 2
Zn(Tos)2 - H.0 MeCN as H.0 trap (145°C /50 bar)
6241 LCrCl Cyclohexene oxide HE=E K fE Poly(cyclohexane) N/A
DMAP carbonate
6604 Grignard reagents Methanol Acetic acid N/A
(R-MgX): CHsMgCl
6244 LZn2(0:CCFs )2 Cyclohexene oxide HIX G T e Polycarbonate polyols | N/A
Vinyl-cyclohexene
oxide
6571 Thioether-triphenolate | Propylene oxide Propylene carbonate Up to 95.7%
1ron(IIT1) Glycerol carbonate
/\E‘
6240 Cr,0,/210, CH, AR SIS CH,
6665 Zerovalent iron 2 PEER (160, 250-350 | Formic acid 77.9 wtlhRiE b2
C ) KB .
2
6585 Fe-Al-O spinel ©. U Reverse Liquid fuels and

water-gas-shift

12




Fe(FeojAl ).0

0.57274

Impregnated with K

Fischer-Tropsch
synthesis

chemicals (CM)

6238

Photocatalyst (ZnS,

Ru@nS, TiO0,)

2,3-DHF
CHCI

Carboxylation

2-COOH-2,3-DHF

25% yield

13




* 2~ BILEELARER

Paper No. 7k B E i S ) SHIfE z37|
6239 Electrocatalytic Cu, Co, Fe, Pt Carbon tubes Nafion Acetone
reduction Carbon black Isopropanol
6578 Electrochemical [Mn(bpy) (CO)sBr] Multi-wall carbon Nafion cO
reduction [Mn(bpy( Bu)2(C0O):Br] nanotubes H»
6568 Electrochemical EEAEIE [ Posers | [ 124Tri2] o
dissociation (1onic liquid) H>
6246 Microbial Platinum, graphite foil, acetate
electrosynthesis DSA, graphite rod,
VITO-CoRE
3~ BEE L AEREE
Paper No. il o [ &) 77k Y] LYES
6608 7102 Plasma (dielectric barrier N/A 45% COHE &
discharge, microwave,
gliding arc)
6676 Microwave plasma N/A 30% CO. dissociation
6674 Cu/Zn0 Plasmonic catalyst N/A

14




% 4~ QO AR

Paper No. FPE COFE (%) Y] [ JERFFE (hr) FHHPERCEE (D)
6242 Mg(OH): slurry 4-5 Mg (HCOs): 12 > 93.6

MgC03
6678 PEI-COPs 15 0.08 100 mg/g
6670 Saccharides (D-mannose, 5 MPa carbonates <3 11.5-13.9

D-glucose, S-cyclodextrin,
alginic acid, mannitol)

+

Organic superbase (TMG, DBU)

15
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* High gas-iiqud contact area & ion
~ Avaids need for COZ dissoiubon c:

2~ IR & S EL(DL 8 SR8 7 7F Ry i)
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TR SRR TR My 0 A 46 RINE ST E R (WE] 3) - BHTREEY Gregory FEA
fER 1,3-diols » A 1 KREE CO N » i [N E - HHE CO.&hk /s cyclic
carbonate monomers (EHZJEXLIT) »

O
|l
CO,(1atm) NEt, (1 equiv. gE
B { .} 3(leg : ) a8
| i DBU (1 equiv.) TsClI (1 equiv.) 1 IL
I g ~g3
R R® solvent, 2 h, rt 16h, rt R \]/ R
R? R?

PE T o B 5 o B - AL BT AR K2 Rodriguez-Silva ZE A{fEFI bis(amine)-
bis(phenolate) ligands > {EEERXFEGLEEEVIMEL N = R8I ER TS » /[ H
FHEfe KRR 2 €02 - W EA IR A b &) (RE=AT) -

/[I;QGH
Zn;,CH3CN + HyL/Ptyy EN \/@\ Zn;,CH;CN + H,0/Pty,
‘{V, hE‘/ i

!
' . B
0 N -
=g #—a\:?; :"'-.;-_‘3) i ._'\y_:'.:g:\ .
LARA a2 “S:
d — WOy B IAT
! I ™\

& K425 B 40 & K2 Elkurtehi I Kerton { FH #1 82 & %) (vanadium
complexesofamine-bis(phenolate) ligands) Bl » (REEE LRI CO 4B L
HpRAE R (REANT) -

=0 |

o o]
A ooy Comrt T

DL BT e REE Albo 5 A (LA J7 X > 4 Cu20/Zn0 it b/F
TR CO02 BB A S - B P r KT R EFBOREE Vieira T AT RAGTE g -
DUgER CO2 Fohixli —HES -

G e L R - H AT CO-fite B B A AL &) - BRI BRI AL
RELABIEAE COAHHERFIE R Al ek 2 V8 - 550 » SRR A ER R B
e AR5 R RIS EOREIF S T4 BURHH N AR B 5 E R -

17
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bR bl Ha arsm R =N - BEE 2 (L HEEHEEE (keynote speaker) »
BEER EE T2 K2 (University of Nottingham) BY Martyn Poliakoff 2 #% #E {7
Introductory lecture » PAMRBEEILYTE RKEE (University of York)HY Michael North
237317 Concluding remarks lecture (ZI[E 4) » —{rZFzayEsE T SHEE] - #1T (0
HAH 25 - —E 2S5 EF 24 {HE—E
1. &R -
2. AeeaiEi -
3. CO2 CHEMISTRY -
C: Catalysis 1s crucial.
eS|
0: Origin of the (0.
C0: (B H)HYAA -
2: Tomorrow s world may be different.
B 1 g R -
C: Cleaner than existing process.
EEREA SRR SR -
H: High volume or high value products.
REAESSHEEEmD -
E: Effect must be low.
THWETN -
M: Maximize integration.
AR EES -
I: Innovative process technology.
BT SRR -
S: Sustainability 1s essential.
TGN Z Y
Y: Your enthusiasm 1s not enough.

TR -

19



osan Power systems U sina
test facility

Professor
Michael
North

4~ 3 TUEREE Martyn Poliakoff Z#EL& 7 KEE Michael North ZHEqEE A

3.3 SEEDH = FAS R E RIS

HEEE R SRE S ek B —  HATEATRER 2008 Af#EE#E A (Clinate
Change Act 2008)FI{Ehx#EE 125 (Low Carbon Transition Plan) ©
— ~ R 2008 FfESEEL

2008 FUEE B ENTRILE By T2 2050 S ERIERE BiE > AR LR lRSE
BZREY  RERERE - BROIRGRZE RBFIIVE ZatE - KRR/ R =ZERAEEE
TAAHREEED - JEAR IR RIE S B NIRE ~ B F T RSN E S IR EE
PIEl A EGER ER ~ R D R BEEE Y E HTRRE ~ B I — R LS T e #HE
fEEZ 2004 FERERAA BT A ER A RIS M - IR IRBERURE B IEVE » DU
R HA A B R S BAVLE -

20



B 2008 RREEANINE LTS BEEHG | REEMES - fR2EE
BRI « BT St - BN AREAIT

AR E B HELRE REERE B 2050 fEAHIRDEICERHER
1990 FFREAELRAY 80% > 2020 FAVFHRBEIERHEN 1990 FHEELRT
26%

IRTHE Z247(Carbon Budgeting System) : kTHE R&E 5 FHh—HHE -
— R =(ETEE - 43H145 2008-2012 4F » 2013-2017 4F » 2018-2022 4F
—{ESAFREA -

B REREZEY « RIEEEZ g ([ERITIVEREHERE - 1R
IRF R TH R B R A 2 Y 7 L B T

B MTZE RO B R AR B g SR BNz R S BRI R
AL AE P E T B A R - IR R REETF2% -
ERFSHRAE (Credi t ) VAR ¢ &5 FEEBLRE B A M R TEERS » 3 S 9
NRFEBTHEI SRR > REEELZEGTEEN > BUEHNE K
IO} FEE IR

HAR VBT © B BN PECE Bt s o (FSHERCR 5 T DA R
BT » DU A E PR AVE I - (DA% BT T 2% i BE = Y A T
= Win—REERSTRENHE -

ANEIFORE RASHEIUSEC | SEEEUAT 2009 SRR = RASHEICS sC YA
A DU A T8 20 FIEERRER 2010 4E 12 A 1 HAYRERS WFY 2012
£ 4 H 6 HAEMERABAR T EBUGIIRE S EHDRZE RIS -

SRR AEIRETAYAVETER SR EAHRY 2008 £E 9 B 11 HAMRHYERREE
U ERTE 2 I

SR EURF R 7S AR Rk S 38 R AR RA R 2 -

= EhRERETE

FoEERY 2020 - 2 HEbRE Ry 1990 F-HERCE PR 26% - SEEBUR T 2009 4 7 HiF
fei{hiEitatE - etEE = DEWNEETESH R E - S 2 HEERER S
HIREE > IR E e S BT AR R T AU ek H AR

(REREEAGTEE T EE STy ~ By ~ T2 - SOmEE PR AR E R -

FHEARBS AT -
1. EJIEFT : 2020 AT 40%EE 712K B (Kb &

< 2020 FEAT 30%EE T2 E AR
< HE(T 4 (EhRAE R E
< EBIDHTIZAESR TR

CERER ¢ TR AR AR

< teft 3.2 [EEERE E PRI RE R
< 2020 FRTEBREFEREENER

. LIEERFT - I ER R — Bk (0 TSR B %

T RE L2 EIRSEILEEE
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3.4 JLEEIERRERE AT

LIRS T ki HAE (A8 5) > TEEHRE 2017 4= 2 m B R AaBE R R 2005
FEZ29%LLT 0 2020 FEFRK 2005 £E2 43%LLF > 2050 FEFEZE 2005 F£27 83%LAF ¢ H
2005 -7 HEliR & £y 33,871 AW ZRT > 2010 4 7 HER & (S @IINELY) £ 41,120 AN -
i H 52 9,862 AME (2010 45 B ARE Ry 31,258 /M)

IR AR Ry EE RN TR 2 ki H AL » $56 0 A R R SRS B HE i -

1. FHEBEOTHEEREIR A E] (Violia) &1F » DURERBCARIERT HREER -
2. B EMNETERHE -

3. HAEFTA RS RETEA AR R -

4. BESFETYINE RIS

5. TRAIBEA SR ARV RIGETE I - AR R R B2 RE R SR S -
6. HERAT Rorl Bz DIMECRICEA TEN AT REE T

7. ERREIRRES SR - (BB B H SR EARR L AT -

8. BT PEEr 2 BRR R Iy - JELUSS— PR B 2 e 5L -
0. BIIREEMG & WHESTRTAHERIRVERIRAENIEMR -

10. EFATTERANZEHIEIRER I -

11. FECREARERL A AR & ERTA W2 B -

12. syECRFHIANT] ~ EEMER - DISERGE T EZ HRVFEE -

13, HECREIFGRIE & A TR SRR A IR AT -

14, | TEEAEMETE > DUV R ES) BT -

15, Jk/ DN 22 B SRR T -

16. SIS TABHER  ERATER N E -

17, B E ERIECR - DI a5 F R IR A 2 -

18. (WIRmERE % - DISERCERY) 2 = -

19. DIFFEiRPSE 2 BRI % - DAY - NIl -

20. FEFTPARSEREY)E HE B IREGRE - RIHT BRI RER RS L 2 500 -
21, BIrEM BN ESSIF - U EIERE S Bl 2 B & -
22, EESERNAEME L A > DIERSIEAE R e BRE0E 2 Rt -

Carbon performance against Hefce sector target

45.000 [four-guarrer ratling tarars frem QO 2000-10)
o - a1l
“C—‘ T
=
o0 T e
m __h‘_'““‘-w-....._.
B0 B
E = -"‘-‘n.__‘_._‘_‘_‘-
2 —=—performance required
00
i 3 Ui R0 %
i Heatirg,
actual perform [
Heal

5~ FIEMAREEENR H BB B B s IR
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/g ~ O EER

ZEAEIRZIHTE ~ #51F KA FH (Carbon dioxide capture, storage and utilization, CCSU)
FE > ORI E Z REEE R (A bR FRIg 2 — -

ILEBES 2015 4E 6 A 15 H =GE@#E CRERGRELEHL)  WEAHERER
A E B > THETRF 2050 4F 2R = RAS PRI ERE £y 2005 4£2 S0%LLT » 2005 H£&57&
“EAChRBEIE By 2. 45 ([EANE - 10 2012 K 2. 71 {RANE > 2013 -5 2. 73 AW < 4
AEORZE R E HE > FoR 2050 FEREZE/D 1.5 FANE S/ > fHEREE]
1991 4FE7KAE -

2015 &bk EF HEFEHE g 2 BN ER =R WRETEHESE0R
HUGFA - RN 0 IS g 2 SO K 0 (€5 CCSU TS & THIHE ¢

1. &Bm{TiE

CCSU AT aI1THY » JRENEEE CCSU WVESE nTHESENY » ELFERCR AL

IREL ZHE T o b RIERERVAZE IR EEIEHE » MIHEEER=ER

15

2. ZE/EIRFIESRAIR

—REIHTE 2 COEB 2 R AL B S 4 2 COFAfg (HUAE & CCSU

AIREF - RJEE 25 | EERERE S ERE Z CO. R « 5550 - COAEFZALmRA
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