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mla  Outline of the presentation UKCCS

RESEARCH CENTRE
* The Research Group

= Chemical Looping for industrial decarbonisation
= The concept

= Preliminary experimental results

= Reactor Modelling and Integration

= [Future work and conclusion
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The Research Group UKCCS

Gas-solid reactions and process intensification for sustainable RESEARCH CENTRE
chemical industry (since January 2018)

CCUS applied to Membranes
Industry

Membrane
Reactor

Bio-based feedstock
purification

REDUCTION

REFORMING

heat Mass = o
transfer transfer
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The Research Projects UKCCS

RESEARCH CENTRE
CLYCHING (EPSRC - UKCCSRC funded, 01/09/2019 - 30/09/2020): CLean hYdrogen and CHemicals production via
chemical loopING - Principal Investigator (Award £ 114k)

BREIN-STORM (EPSRC - CREDS funded, 01/07/2019 - 30/06/2023):Boosting Reduction of Energy Intensity in
cleaN STeelworks platfORM - Principal Investigator (Award £ 857k of £ 1.3M)

H2020-C4U (H2020 - EU Commission, 01/04/2020 - 31/03/2024): Advanced Carbon Capture for steel industries
integrated in CCUS Clusters - Co-Investigator (Award € 445k of € 12.5M)

H2020-GLAMOUR (H2020 - EU Commission, 01/05/2020 - 31/04/2024): GLycerol to Aviation and Marine
prOducts with sUstainable Recycling - Principal Investigator and Project Coordinator (Award € 911k of € 5M)

HAPPS (Innovate UK funded, 01/09/2019 - 31/08/2022): High Altitude Passenger Protection System —
Co-Investigator (Award £ 201k of £ 4.7M)

E PS RC Innovate
Engineering and'Physical Sciences Pk

Research Council European
Comm|55|on



https://www.creds.ac.uk/brein-storm/
https://cordis.europa.eu/project/id/884418
https://www.glamour-project.eu/

The University of Manchester

Decarbonisation of steel industry UKCCS

BREIN-STORM (EPSRC) RESEARCH CENTRE
= Development of innovative cycle based on gas-solid reactions to decarbonise integrated
steelmill

= Modelling and testing of novel reactor concept to upgrade BFG into valuable products (pure
H,, concentrated syngas) with inherent CO, separation
= Advanced process integration to convert BFG into valuable chemicals (e.g. MeOH, FT

prodcuts)
Partners: Cambridge, Leeds, Tata Steel, British Steel, CSIC

H2020-C4U (H2020 - EU Commission)

= Demonstration of Ca-Cu process up to TRL7 using packed bed reactors C4U
= Design and integration in integrated steelmill

Main Partners (overall 21 partners): UCL (lead and coordinator), TNO, SWERIM, CSIC, Arcelor
Mittal, Woods, Johsnon Matthey, Carmeuse, Element Energy, Climate Strategies, Sheffield
University Politecnico of Milano, Radboud University, etc...

EPSRC L
People @UoM: Dr. Syed Zaheer Abbas, Dr, Navid Khallaghi + 1 PhD (Oct 2020) AR Do e Commision


https://cordis.europa.eu/project/id/884418
https://www.creds.ac.uk/brein-storm/

The University of Manchester

Glycerol to aviation & marine fuels UKCCS

H2020-GLAMOUR (H2020 - EU Commission) RES EARCH CENTRE
= Development of Glycerol purification and refining % @ 0
= Development of sorption assisted chemical looping process for glycerol Cl |_A Ivl O U R

https://www.glamour-project.eu/

reforming
» Integration with 3D printed FT- compact reactor for the prodcution of avitation

and marine fuels
= Techno-economic, evironmental and social assessment of the technology

N, (+CO,) H,0+CO,
Si t‘j‘lf\l : . m s 4 ..ed ~ ] TU/ e GLAMOUR GLAMOUR FT-SPK
lirtec Nigl CiadTech Air SYNGAS FUEL
Generation Synthesis MDO
JC c s l C MANCH%SZEER Tail gas
I N ERATEC EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE The University of Marehester Feedstock Raw
Glycerol Existi st
] E xisting 15t and
Argent mno_vatlon f vito Biogente ond Generation Bio
E'nergy for life Haste Bio-Diesel plant Diesel

Ash/Salts

7 %

People @UoM: Dr. Chris de Leeuwe, Mr. Taha Attabachi biomass  methanol



https://www.glamour-project.eu/
https://www.glamour-project.eu/
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The Research Group UKCCS

RESEARCH CENTRE

Christopher de Leeuwe, post-doc researcher
christopher.deleeuwe@manchester.ac.uk

Zaheer Abbas, post-doc researcher
syedzaheer.abbas@manchester.ac.uk

Navid Khallaghi, post-doc researcher
- navid.khallaghi@manchester.ac.uk

Omid Taheri Qazvini, post-doc researcher
omid.taherigazvini@manchester.ac.uk

Alexandros Argyris, PhD student

alexandros.argyris@manchester.ac.uk Taha Attarbachi, PhD student

2 more PhDs will start in October 2020
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MEEEE The CLYCHING (extended) team UKCCS

RESEARCH CENTRE

Christopher de Leeuwe, post-doc researcher
christopher.deleeuwe@manchester.ac.uk

Alexandros Argyris, PhD student
alexandros.argyris@manchester.ac.uk

Reinaldo Pereira, MEng student
R.J.Lee-Pereira2 @newcastle.ac.uk
(currently PhD student in Newcastle)

Som Agbasi, MEng student
somkenechukwu.agbasi@student.manchester.ac.uk

Marco Filippo Salamone, MEng student
marcofilippo.salamone@mail.polimi.it
from Politecnico of Milano (IT)

Moheddin Elgarni, MSC student
mmelgarn@ucalgay.ca
from Calgary University (CAN)

CLYCHING

2019 UKCCSRC Flexible Funded Projects



The University of Manchester

Chemical Looping in brief UKCCS

MeO, +H, —>MeO, , + H,0 RESEARCH CENTRE
1
MeO_,+=0, - MeO , e ho o c
MeO, +CO —> MeO, , +CO, el “ o AR TR
Oxygen-C m% 5 ;

y y y /\/ Volatiles Char
(2x+—j MeO, +C,H, —>(2x+—j MeQO, , +xCO, +=H,0O volates 0 ;

2 2 2 Oxygen-Carrier g: 02

. oal Al L. NG
AHO X << 0 (always eXOtherm|C) (lzl(v)$ .... H,0 Coal €0, JOxygen-Carrier

AHOred =variable (depends on the fuel) —_ — L

IRARAR AR AR AR R R R RR AR

Syngas H,0 and/or CO, CO,
[ ] Very h|gh Select|V|ty towa rd C02 and ] LOW TOX'Clty Syngas-CLC (gas fuel) iG-CLC (solid fuel) CLOU (solid fuel)
H,0 (CLC) = High melting point
= High oxygen capacity = Low Cost
* High stability under repeated cycles = High resistance to contaminants
(support use): = Attrition resistance (in case of
" thermal FBR application)
= chemical = Catalytic properties (WGS/SMR)
* mechanical
CLYCHING

2019 UKCCSRC Flexible Funded Projects



Chemical Looping reactor concepts

The University of Manchester

N, (+O,)

MeO
O, + H,0 Oxygen Carriers Design
2% ! |
85 ! Plant Operation
Ve v FBR: continuous
AR Cgartee[TT7C PBR: pseudo - continuous
" ¢ :.}0 FR
2% N ooy P Q High Pressure Operation
s’ ==
Z
4% | Gas/Solid Separation
"y !
S X
Ny Solid Circulation

L

System complexity
PBR: IT-HT valves, piping
FBR: cyclones, loop seal

UKCCS

RESEARCH CENTRE

_Packed Bed

CLYCHING

2019 UKCCSRC Flexible Funded Projects
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Chemical Looping in PBR ('\
(@) UKCCS

N, CO,+H,0 Air/Inert RESEARCH CENTRE
AHO << 0
always highly s
exothermic s : p
g
AH®,_, = 0 (variable) 5 > w,
— 3
depends on the fuel > > < g
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= = C§> 0
0 0 0 < @ C €] Goer 0 . B 1
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(b) Temperature profile

CLYCHING

2019 UKCCSRC Flexible Funded Projects



Th Q)
e concept QUKCCS

® wveo,, N, CO,+H,0 syngas | .RESEARCH CErtlTRE
O Meo, Chemical Looping Reforming

with dynamically operated
packed bed reactor

Challenges (research topic):

1) Reaction and heat fronts velocities
particle/reactor
(fundamental studies)

OXIDATION
REDUCTION
REFORMING

2) OC formulation
(cost, stability, toxicity, kinetics)

3) Product yields

_ (reactor/process performance)
Air  Low grade fuel fuel
4) Dynamic operation

(reactor/process engineering)

CLYCHING

Spallina, V., Marinello B., Gallucci, F., Romano M.C., Sint Annaland, M. van. (2017). Chemical Looping Reforming in packed bed . .
2019 UKCCSRC Flexible Funded Projects

reactors: experimental validation and large scale reactor design. Fuel Processing Technology,156, 156-170.
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Aim and objectives UKCCS

) RESEARCH CENTRE
Alm:

lab scale demonstration of a new enhanced auto-thermal chemical looping process to accelerate
the cost-effective production of hydrogen and other chemicals (such as ammonia, methanol and
liquid fuels) with near zero emissions.

research activity:

1) phenomenological reactor model for gas-solid reactions to be validated against the experiments
(fundamental understanding of the M&H transport) — partially accomplished

2) conceptual design of a large-scale process and its cost assessment
(definition of process requirements) — achieved

3) Integration of the CLYCHING process in hydrogen, methanol, ammonia an FT liquid fuels production
processes and comparison with existing processes
(assessment of the overall process and technology) — achieved

CLYCHING

2019 UKCCSRC Flexible Funded Projects
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Experiments UKCCS

RESEARCH CENTRE
research activity:

2) Testing of state-of-the-art Ni/Fe-
based catalyst using the CLYCHING
concept (benchmark and alternative
formulation)

3) Preparation and testing at small
scale (1-10 grams) of novel material
formulation to reduce the Ni content
(material development)

Figure 5 ]6m Jfixed bed reactor inside a temperature Figure 6- Mass spectrometer (HPR-20, produced by
controller (2604 Advanced Controller, produced by Hiden Analytical Co., England)
Eurotherm by Schneider Electric, UK)

CLYCHING

2019 UKCCSRC Flexible Funded Projects



Experiments UKCCS

RESEARCH CENTRE
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Experiments

@)UKCCS

DECCAD/MLU f'l:kl'l'DE

0.05 Methane Conversion
L B S i [iuiinind it ettt A R P S S S 2 H2 eq W T T T T T
0.04 o0 ==EE
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£ 0.03 eq EEE
= H2
2 0.02 « 40 = |
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. -Ea/R
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CLYCHING

2019 UKCCSRC Flexible Funded Projects
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The Integration

CO, to storage/reuse

______________________________________________

OX

................

RED

/

__________________________________________________________________

offgas Feedstock

(CH,-based)

PSA

H, for NH, v
NH, NH, H 2
synthesis separator 5 |\| H3

v W
CH,OH FT-
synthesis synthesis
Liquid
MeOH fuels
separator recovery
v v
MeOH Liquid
fuels

UKCCS

RESEARCH CENTRE

CLYCHING

2019 UKCCSRC Flexible Funded Projects
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H, production (=30,000 Nmé/h) UKCCS

I

I I I | CO,to storage

i

H

:

O to process

Ul

purge Pure H,

nﬂﬁ

L

H,—BC: conventional H, production plant based of FTR + 1 HT
WGS + 1 PSA

H,—HCC: conventional H, production plant based of FTR + 1 HT
WGS + 1 PSA + 1 post combustion MEA CO, capture plant

H,—MCC: conventional H, production plant based of FTR + 2
WGSs + 1 MDEA + 1 PSA

V. Spallina, G. Motamedi, F. Gallucci, M. Van Sint Annaland, Int. J. Greenh. Gas Con., 2019, 88, 71-84.

RESEARCH CENTRE

H,-BC H>-HCC H,-MCC H»-CL_PB

Hydrogen Production \y/A MEA  MDEA Chemical
flue gas syngas Looping
NG flow rate kals 2.62 2.62 2.62 2.62
NG thermal Input MW v ne 12194 121.94 12194 121.94
H, mass flowrate kals 0.73 0.73 0.73 0.764
net electric power MW, 250 -0.14 0.45 -5.35
steam export (160°C, 6 bar) kg/s 4.38 -6.70 1.17 5.32
Ref. efficiency ny, Hy /NGy 72%  72% 72% 75%
Equivalent NG my ¢, ko/s 231 2.96 2.55 2.56
H, yield mol,,/molys  2.41 2.41 2.41 2.52
Eq. Ref. efficiency ny;, H ny/NGeq 1y 81.5% 63.6% 73.8%  77.1%
Heat Rate Geal/kNms3,, 322 3.97 3.48 3.24
CO, specific emissions, Eg, K9coo K9y, 9.51 0.95 3.47 0.19
CO,, avoided (respect to H,-BC) % 0% 90% 64% 98%
SPECCA (referred to ng,) MJI/Kgco, 2.56 1.35 0.48

The chemical looping process presents:

Higher electric consumptions (because of the PSA-offgas
compressor)

Higher H, production (due to the thermal balance
Lower CO, emission and cost for CO, separation

CLYCHING

2019 UKCCSRC Flexible Funded Projects
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H, production - economics

I

I I I | CO,to storage

i

H

:

O to process
1L

purge Pure H,

E.:,I PSA-offgas

H,—BC: conventional H, production plant based of FTR + 1 HT
WGS + 1 PSA

H,—HCC: conventional H, production plant based of FTR + 1 HT
WGS + 1 PSA + 1 post combustion MEA CO, capture plant

H,—MCC: conventional H, production plant based of FTR + 2
WGSs + 1 MDEA + 1 PSA

UKCCS

RESEARCH CENTRE

H-BC H-HCC H.-MCC H.-Cl PR

TPC M$ 41.80 107.61 73.45 61.84
TOC 50.16 129.13 88.14 74.21
TASC 59.19 152.38 104.01 87.57
CCF x TASC M$/y 9.41 24.23 16.54 13.92
O&M Tixed M3/y
labor 2.00 2.00 2.00 2.00
maintenance 0.07 0.17 0.12 0.10
insurance 0.14 0.36 0.25 0.21
O&M variable M$ly
catalysts 0.23 0.23 0.28 0.08
oxygen carrier 3.24
steam-to-import/export 0.02 -0.02 0.02
electricity -1.03 -0.02 4.21
Natural gas feedstock 21.40 21.40 21.40 21.40
total annual cost M$ly  32.23 48.37 40.56 45.18
cost of hydrogen $/kg 1.63 2.45 2.06 2.19
$/Nm3  0.15 0.22 0.18 0.20
cost of CO, avoidance  $/ton - 95.58 70.64 59.87

The chemical looping process presents:

= Lower plant cost (mostly for the CO, separation units)

= Higher electricity costs

= Lower CO, avoidance cost

CLYCHING

2019 UKCCSRC Flexible Funded Projects
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CH,;OH production (10,000 TPD) UKCCS

RESEARCH CENTRE

CO, to storage

1S-ATR 2SATR CL_PB
Methanol Production Chemical
Looping
§ NG flow rate kg/s 73.55 73.55 73.55
& NG thermal Input MW, ,, NG 3418.67 3418.67 3418.67
MeOH flowrate kg/s 118.34 112.46 112.20
MeOQH flowrate IPD 1022477 Q71666 Q694 36
5 net electric power MW, -60.02 -3.03 58.89
e steam export (160°C. 6 bar) kals 91.92 54.04 6737
£ P steam MeOH efficiency MeOH, /NG,y 79% 75% 75%
g generated Carbon conversion molyeo/mole e 80.3% 76.4%  76.2%
Hetode:s - I-‘Il | Eq. Ref. efficiency Nyeop eq MeOH_,,/NG_, v 81.2% 77.4%  80.6%
. =1 ;j;;fj,n;;g,,e,s Heat Rate Gl nellONeon 27.77 30.43 2994
steam CO, specific emissions, E.g, kgcozlkgMeOH 0.220 0.275 0.006
generated

_ _ _ _ The chemical looping process presents:
1S-ATR: adiabatic pre-reforming + conventional oxygen blown

ATR + ASU » Positive electricity production (no ASU needed)
2S-ATR: adiabatic pre-reforming + low temperature FTR + = Lower CH;OH yield/carbon conversion (the base case do
conventional oxygen blown ATR + ASU not process N, since it is previously separated in the ASU)

= Lower CO, emissions

V. Spallina, G. Motamedi, F. Gallucci, M. Van Sint Annaland, Int. J. Greenh. Gas Con., 2019, 88, 71-84.

CLYCHING

2019 UKCCSRC Flexible Funded Projects
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CH.OH production - economics (@VJK CCS

CO, to storage

|I”E' CPU [
J

H, to de-S

IP steam

IP steam

HP steam

HP steam
generated

- - 1
LP steamto

19 \ export/reboilers

IP steam
generated

H, to de-S

1S-ATR: adiabatic pre-reforming + conventional oxygen blown
ATR + ASU

2S-ATR: adiabatic pre-reforming + low temperature FTR +
conventional oxygen blown ATR + ASU

V. Spallina, G. Motamedi, F. Gallucci, M. Van Sint Annaland, Int. J. Greenh. Gas Con., 2019, 88, 71-84.

RESEARCH CENTRE

MeOH-
1S-ATR  2s-ATR cL PB
Total Plant Cost, TPC M$ 2028.81 2129.04 1138.19
Total Overnight Cost, TOC 243457 2554.85  1365.82
Total As Spent Cost, TASC 2872.79 3014.72 1611.67
CCF x TASC M$ly 456.77 479.34 256.26
O&M fixed M$ly
labour 4.50 4.50 4.50
maintenance 20.11 21.10 11.28
insurance 45.96 48.24 25.79
O&M variable M$ly
catalysts 4.06 5.72 0.74
oxygen carrier 47.04
steam-to-import/export 0.21 0.01 -0.21
electricity 47.26 1.25 -24.29
Natural gas feedstock 599.98 599.98 599.98
total annual cost Mb3/y 11/6.60 1160.14 921.08
cost of Methanol $/ton 368.94 382.07 304.04
cost of CO, avoidance (respect to 1s-ATR) $/tongg, - - -303.10

The chemical looping process presents:

Lower plant cost (mostly for the reforming production unit and the
absence of the ASU)

Lower electricity costs

higher material replacement cost

Lower CH;OH production cost and negative CO, avoidance cost

CLYCHING

2019 UKCCSRC Flexible Funded Projects
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FT - liquids production UKCCS

Benchmark plant (50 000 bbl/day, kd%! sene & gasoline) RESEARCH CENTRE

FT-conv: ASU + O,-ATR + 1 MDEA (CO, from syngas) +Fischer
Tropsch and refining

FT-conv: ASU + O,-ATR + 1 MDEA (CO, from syngas) +Fischer
Tropsch and refining + 1 MEA (CO, from flue gas post combustion)

CL_PB: Chemical Looping + 1 MDEA + Fischer Tropsch and refining

GTL-FT GTL-FT GTL-FT
conventional conventional CL_PB
R ATR-ASU-
FT liquids ATR-ASU  MDEA syngas Chemcial
MDEA syngas MEA Looping
post-comb
NG flow rate kg/s 117.5 1175 117.5
NG thermal Input MW, v NG 5,456 5,456 5,456
Kerosene kgls 43.7 43.7 43.9
Gasoline kgls 25.03 25.03 241
Total products bbl/d 52,018 52,018 51,193
net electric power MW, 426.6 384.9 365.03
yield KIeT 000/ KIng 53.3 53.3 52.8
Energy Efficiency (LHVr + EE/NG)/LHV g 66.8% 65.5% 64.3%
Carbon conversion Crr-prodCrng 76.3% 76.3% 4.7
CO, specific emissions K9co2/trprod 472 47 23
SPECCA, eq MJ | v ne/KGcon - 0.78 2.07

The chemical looping process presents:

= Same yield (- 1%) than conventional

= Lower electricity production (- 20 MW) and

= Lower CO, emissions (< 50%)

= Higher energy consuption per CO, avoided (+1.3 MJ/kgcq,)

CLYCHING

2019 UKCCSRC Flexible Funded Projects
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FT - liquids production UKCCS

Benchmark plant (50 000 bbl/day, ku%m_sene & gasoline)

FT-conv: ASU + O,-ATR + 1 MDEA (CO, from syngas) +Fischer
Tropsch and refining

FT-conv: ASU + O,-ATR + 1 MDEA (CO, from syngas) +Fischer
Tropsch and refining + 1 MEA (CO, from flue gas post combustion)

CL_PB: Chemical Looping + 1 MDEA + Fischer Tropsch and refining

RESEARCH CENTRE

GTL-FT GTL-FT GTL-FT
conventional conventional CLR
.. ATR-ASU-
FT liquids ATR-ASU  MDEA syngas Chemcial
MDEA syngas MEA Looping
post-comb
|Syngas generation M$ 878.5 878.5 435.14
FT-reactor and M$
separation 891.45 891.45 882.4
CO, separation M$ 165.42 366.1 352
(syngas+flue)
TPC M$ 2,863.9 3,051.2 2,423.7
Fuel cost M$ly 295.1 295.1 295.1
Electricity revenues M$ly 176 158 150.6
Cost of FT-liquid $/ton 409.0 429 414
CO, Avoidance Cost $/ton,, - 47.06 11.1

The chemical looping process presents:
» Lower plant for the reforming (= 20% lower)

= Higher cost for the syngas CO, removal (CO, content in the
syngas is higher)

= Lower FT production cost and lower CO, avoidance cost

CLYCHING

2019 UKCCSRC Flexible Funded Projects
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NH; production UKCCS

Purge Gas
= RESEARCH CENTRE
T
ATR ATR CL_PB CL_PB
> By Produc Ammonia Production CO,-to- _
storage base case conservative
[2s ] rm. @7 NG flow rate kg/s 10.65 10.65 10.47 11.6
* NG thermal Input MW, v NG 498.4 498.4 489.7 542.9
1 S NH, flowrate kgls 17.02 17.02 17.02 17.02
(10 ] NH, flowrate ton/year 500,000 500,000 500,000 500,000
Lomves | [eres | net electric power MW, 1023 169 -29.4 26
steam export (160°C, 6 bar) MW,, 46.04 46.04 45.5 35.9
Z' Z UU NH, efficiency NH; /NGy 0.637 0.637 0.648 0.584
d d e NH, yield KOnus/KOne 1.6 1.6 1.63 1.47
. - Specific consumptions GJ rueisElsbean/ 0Nz~ 26.99 27.38 27.66 31.1
Carbon capture rate (CCR) - 73.6% >99% >99%
.0 to axport CO, specific emissions, Ecg,  Kgcp /toNy,s 1543.8 363.6 -3.03 14.2

H,0 to process

The chemical looping process presents:

©0; (95%) to storage = Higher electric consumptions
ATR: conventional air blown ATR + 2 WGSs + 1 MDEA = Lower NH, efficiency (depending on the purge conditions)
CL_PB base: CH, conversion during reduction, reduced purge = Lower CO, emissions

flow rate

CL_PB conservative: existing Ni-based material for chemical
looping, large purge quantity
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\Hq production - economics (@3 JK CCS

Purge Gas
- RESEARCH CENTRE
[ methanaior |
. ATR ATR CL_PB CL_PB
Ammonia Production -to-
> ByProauc COzto base case conservative
storage
Lo wwsenm) Reforming cost (CL reactor)  M$ 216 216  85.3(32.9) 79.9(33.3)
* Purification Unit M$ 87.8 98.1 53 60.5
PSA Off-gas .
" : NH,; synthesis M$ 282 282 282 282
5 | HT-WGS | | LT-WGS | m Other Compopents M$ 74 82.2 106.1 91.7
= (power, aux, instruments,etc..)

] TPC M$ 660.3 678.9 526 513
ree ||| ) 1l 3l Fuel cost M$ly 827 82.7 81.3 90.1
] I = Electricity cost M$/y 10.7 16.4 30.8 27.1
: . Heat-to-export M$/y -5.7 -5.7 -5.6 -4.44
. Cost of NH, $/tony,; 421.1 438.8 406.5 413
1.0 10 export CO, Avoidance Cost $/toncg, - 14.5 -8.8 -4.9

H,0 to process

The chemical looping process presents:

CO, (>95%) to storage

ATR: conventional air blown ATR + 2 WGSs + 1 MDEA

CL_PB base: CH, conversion during reduction, reduced purge
flow rate

CL_PB conservative: existing Ni-based material for chemical
looping, large purge quantity

= Lower plant cost (mostly for the reforming production unit)
= Higher fuel/electricity costs

= Lower NH; production cost and eventually negative CO,
avoidance cost
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Process Operation — the NH; case UKCCS
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Process Operation — the NH, case UKCCS
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Both system presents: In case CH, is reactive for the NiO reduction:
: : L . = The overall temperature level is lower due to the higher
= Temperature fluctuations during oxidation/reduction — endothermic reactions
(rjn){?g{r;g:.;)peratlon of heat exchanger/gas quenching to = No fuel slip during reduction
iti |
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Process Operation — the NH, case UKCCS
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In case CH, is reactive for the NiO reduction :

. : . . = The overall temperature level is lower due to the higher
= Similar temperature profiles during the different phases endothermic reactions also inside the reactor

= Validity of the cooling effect during reforming = High heat removal during reduction and therefore less
heat for the reforming

Both system presents:
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Conclusions and future research UKCCS
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* Integration of CLR in syngas generation results advantageous compared to the state-of-the-art
technology due to the lower cost of production (in particular for CH;OH and NH;) high CCR (=70%
vs >95%) and lower or negative CO, avoidance cost

* The main advantage is the reduced cost of syngas production unit since:
a. adiabatic reactors vs direct/heated furnace + HT ATR
b. no additional unit required
c. Separation process does not required absorption processes (apart from FT) or cryogenic ASU

* The energy cost of production are typically higher except in presence of ASU

* The operation strategy requires multiple dynamically operated reactors where the fluctuations are
limited

* The process is also suitable for biogas (anaerobic digestion) and other offgas-recovery from
refinery with light HCs which are commonly flared or used in heat and power generation
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2019 UKCCSRC Flexible Funded Projects



The University of Manchester

Conclusions and future research UKCCS
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® Assess the experimental performance at lab scale at pressure and temperature for >500 grams of material

® \Validate the reactor model against the experimental data
® Identify the possible route for process optimisation

® Assess the possibility to use different processes:
= Small scale plant for poly-generation
= Use of existing offgases available in refinery, extraction plant, biogas, other chemical process
» |Intensify the reactor and the heat transfer part to reduce the unknown cost for valves and other ancillaries.

® Combines chemical looping with other advanced process (e.g. calcium looping)
® Identify other industrial process of total/partial/selective oxidation where chemical looping could be considered
® Consider CO, capture not as the main goal of the technology development but as part of the design

® Scale-up the process
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