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Selected for Track 1 Project Negotiation List ®
Potential ECC expansion projects DARL' NGTO N
PROJECTS IN TEESSIDE

BIOENERGY WITH CCS HYDROGEN

MGT Teesside H2 Teesside

Lynemouth Power H2NorthEast
INDUSTRIAL CARBON CAPTURE POWER

CF Fertilisers Billingham Ammonia CCS Net Zero Teesside Power
Norsea Carbon Capture Whitetail Clean Energy
Redcar Energy Project Alfanar CCGT Teesside
Tees Valley Energy Recovery Facility (TV ERF)

Teesside Hydrogen CO2 Capture

Lighthouse Green Fuels

STV 1+2 Energy from Waste Carbon Capture

STV 3 Energy from Waste Carbon Capture

Teesside Green Energy Park Limited
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Northern
Endurance
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PROJECTS IN THE HUMBER

BIOENERGY WITH CCS HYDROGEN
DRAX Bioenergy with Carbon Capture and Storage  Hydrogen to Humber (H2H) Saltend

Uniper Humber Hub Blue Project
INDUSTRIAL CARBON CAPTURE

Humber Zero - Phillips 66 Limited Humber Refinery POWER

Prax Lindsey Qil Refinery Carbon Capture Keadby 3 Carbon Capture Power Station
ZerCal250 C.GEN Killingholme
Altalto Immingham waste to jet fuel VPI Humber Zero

North Lincolnshire Green Energy Park
Saint-Gobain Glass Carbon Capture




CO, phase diagram
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Projects classified into
Thermal conversion, Carbon capture and
Transportation

* Next generation energy from waste technologies [ETI]

« Steam/O, gasification tests [Broadcrown, HRS and Thermeco Itd]

« Nano Membrane toilet integrated with gasifier [Bill & Melinda Gates Foundation]

* Sorption enhanced steam methane reforming - HyPER Phase 1 &2 [UK BEIS]

* Calooping with extreme oxy-coal combustion conditions (CaO2) [RFCS]

* Chemical looping for low-cost oxygen production and other applications|[RCUK]

« Recovering liquefaction cost by cold energy utilisation [UKCCSRC]

* Dense phase corrosion study [National Grid]

« CO2 shipping compression, liquefaction and dehydration (CO2 LIQUID) [RCUK-first grant]
* Green shipping corridor [CMDC round 4, innovate UK]

ii‘iiine decarbonisation [ASAYD via GUTech]
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CO, Transportation

BCURA - CO, compression
project ( 2009-2010)

EPSRC - MATTRAN Project
(2009-2014)

!

National Grid-Corrosion studies
(2014-2015)

!

EPSRC - CO2LIQUID project
(2016-2019)

!

UKCCSRC - Cold heat recovery
(2020-21) = Marine decarbonisation - alternative fuels

A (2023-25)
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Dense Phase CO,- Observation window

Charging from the
bottle cylinder
~ &7 bar

~5 deg Dense phase CO,

~ 90 bar
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CO, Shipping- Accidental leakage testing

Data acquisition
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Research Methods

Accidental Ieakage behaviour

A range of conditions typical of CO, shipping - 0.
MPa — 2.6 MPa, 223 — 259 K - were selected

Tests at lower pressures (0.7 — 0.94 MPa, 223 —
228 K resulted in highest proportion of inventory
solidification within the vessel (36 — 39 wt%)

Releases at medium pressure conditions (1.34 —
1.67 MPa, 234 — 245 K) showed higher propensity
for continuous formation of solids blockages in the
discharge pipe

1.2

08 ®0.7 MPa 223K
®0.83 MPa 228 K

0.6 ©0.94 MPa 225K
® 1.34 MPa 234K

0.4 ®1.51 MPa 242 K
®1.67 MPa 244 K

Normalised inventory solidificaiton

0.2 1.83 MPa 249 K
2.03 MPa 254 K

0 2.65 MPa 259 K
0 0.2 0.4 0.6 0.8 1 1.2

Normalised discharge time

2.1 Solid

1.6 1.34 MPa 234 K

0.94 MPa 225K

Pressure (MPa)

Test 1-0.7 MPa, 223 K (225 5)

Test 4 - 1.34 MPa, 234 K (65 5)

Test 7~ 1.83 MPa, 249K (20 s)

Liquid

2.65 MPa 259K
o

2.03 MPa 254K

1.83 MPa 249K

1.67 MPa 245K

1.5 MPa 242K

/ Vapour

1.1 0.83 MPa 228K
0.7 MP2 223k ®

230 240 250 260 270
Temperature (K)

Test 2-0.83 MPa, 228 K (285 s) Test 3-0.94 MPa, 225 K (47 s)

o e

Test5-1.51 MPa, 242K (255)  Test6-1.67 MPa, 245K (1205)

J@ b

Test 8-2.03 MPa, 254 K (52 s) Test 9-2.65 MPa, 259 K (43 5)

L@ VALLEY MAYOR
S



CO2 Shipping — polymeric materials

Operating 0.7 -5.7 MPa
pressure

Operating 221-298 K
temperature

Vessel volume 2.3 litres

B & ] Nozzle size 3.2mm
. . . . . Representation of the compressed plate assembly and . .
Sc_)lld formation in the'outf/ow Jjet of exp_er/mental teszf insertion inside the copper vessel Pipe section 600 mm
with FLIR CO, detection camera; red circles rep. solid length
formation

Refrigeration Liquid nitrogen
Test1-0.7 MPa, 223K (2255)  Test2-0.83 MPa, 228 K (285 s) Test 3-0.94 MPa, 225 K (47 s) Dewar (120

, litres)
M‘e\' gy b,

Test 4 1.34 MPa, 234 K (65 s) Test S - 1.51 MPa, 242 K (25s) Test 6—1.67 MPa, 245 K (120 s)

o 4 L‘Q - |

Test 7 - 1.83 MPa, 249 K (20 s) Test 8-2.03 MPa, 254 K (52 s) Test 9- 2.65 MPa, 259 K (43 s)

o O ) © Cross-section surface of EPDM O-rings with satisfactory resistance to

rapid gas decompression damage

20 cycles 40 cycles 60 cycles 80 cycles 100 cycles
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Emergency Release System for CO, carrier — Ministry
of Environment of Japan

7
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* The releases assumed a ‘tulip shape’ as they
started to propagate away from the release
coupler within 5's

Test 1.1 Test 2.1

« Test 2.1 — performed at 1.65 MPa - shows 0.87 MPa, 227 K 1.65 MPa, 239 K
propensity for a more accentuated ‘upward- 0.08 s i e - :
directed propagation’

 Both tests 1.1 and 1,2 performed at low- and
medium-pressure show the formation of a
layer of dry-ice inside the coupler and solid
CO, scattered in powdery form
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Onboard carbon capture

Emissions Management
The International Maritime Organisation (IMO) implemented;

% A sulphur cap, mandating all ships to use a 0.5% sulphur content
fuel as compared to the previous (3.5%) - Regulation 14 in

MARPOL 73/78 Annex VI

% An initial target to reduce carbon emissions from the maritime

industry to 50% below its 2008 levels by 2050.
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Onboard carbon capture

Emissions Management — Onboard capture

Propulsion
power 6,7MWe
A
Fluegas
Diesel/air in Carrier i
NOyand particulate
— i P WHR [—>» Cooler :
propullsmn matter separation
engine
ﬁ,\
v Thermal energy Sl'.)z and CO2
AUX power capture system
p_ Electricity power for ship 2 MWe N
generation for [---------Toeeoeeees >
electricity  |---------mroommomeeeeeees Pre-treatment
Electricity power for CCS system 1MWe column
25-40°C
'
Carbon
capture

Aspen modelling process schematic of the capture system

'

NET ZERO

Low carbon footprint ships

— De-risk low pressure alternative (7barg -50°C)

Electricity storage
H,

Onboard capture
Boil off CO,

New architectures solutions
Direct offloading

No intermediate storage alternative

Optimization of CO, ship transport logistic

iy . Combined SO, removal and
 NHj recycling for CO, capture

Water makeup

wWiashihg
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by aqueous NH, (Li et al.,
2015)
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SO; Remowal and NH; Recycling Process
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Onboard carbon capture

Emissions Management — Onboard capture HFO case
« CO, emitted - 20 k-tonnes/a

» Emissions captured (70% capture) - 14 k-

wHFO  mLNG tonnes/a
+ SO, emitted — 0.4 k-tonnes/a

(Heavy fuel oil and Liquefied natural gas fuelled)

Relative emissions (%)

100
80 « Weight — 478 tonnes
0 LNG Case
Base case scenario « CO, emitted - 17.5 k- tonnes/a
40 - Ship size — 20,000 m? » Emissions captured (70% capture) — 12.3 k-
20 ’ tonnes/a
0 cop EMSSONS Sailing profile — 60% of the journey time « SO, emitted — 0
. Capture rate — 70% «  Weight — 356 tonnes

* Engine capacity — 9.8MWe

* Operational time — 240hrs

M Wash Colum
H uench Colum
« Round trips - 30 B oower
B Reactor Vessel
Mixer
B Solvent Tank
M Clarifier
I Cross Heat Exchang
A B Pump .
M Reboiler
M Pretreatment Colum
M Absorber Colum
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INDUSTRY eesslae -European Re Condencer | VALLEY MAYOR
INNOVATION U n Ive rS ltg . Development . = f,::'aemto
CENTRE Concept layout capture plant use with a CO, carriels===) N



CO, emission treatment system for marine fleets
Oman Shipping company (ASAYD) via GuTech

Sources of World'’s
CO2 Emissions

ENERGY

SUPPLY

Problem statement: P
«  Shipping share of global CO, and SOy emissions
are 2.2 % and 13 % respectively (39 IMO GHG
study).

Residual fuel accounts for 75 % of bunker
consumption in 2013 (Bunker fuel market
research for 2014-2020).

pe

Noise

WASTE AND

FORESTRY 8

Refrigerants

L Oilspils Solid waste
r— k)

...... %
i Bilge water

Cargo hold
cleaning water

Me

Papers published
- CO,/SO, emission reduction in CO2 shipping infrastructure
https://doi.org/10.1016/}.ijggc.2019.05.011

- Pr and economic evaluation of an onboard capture system
f d CO2 carri
//d /10.1021/acs.iecr.9b04659
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shall not exceed the

INDUSTRY

73/78 Annex VI).

thodology:

An alternative solvent unlike MEA is
considered, aqueous ammonia, for
the removal of CO.,.

Combined re-liquefaction of the boil-
off gas and the CO, emissions by
ammonia and cooling water.

Motivation/Regulation:
fuel oil used on-board ships
following limits: 0.5% m/m

on and after 1 January 2020
(Regulation 14 in MARPOL

Research Questions:

How a PPC plant can be
retrofitted on-board of any
carrier?

Economic feasibility of
alternative marine fuel for
carriers for net-zero

of any

emissions.
Vapour ﬁ-oﬁ
]
o -

=

T T
Case study (-54 °C and 7.5 bar)
Ship size - 20,000 m3
10 % ullage
0.1 - 0.15 % of the cargo capacity as BOG/day
Length of voyage - 21 day
Captured liquid flowrate - 7438 kg/hr

» Space occupied by CO,, emissions - 15.34 %
. owable ship capacity - 76.

(o]
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https://doi.org/10.1016/j.ijggc.2019.05.011
https://doi.org/10.1021/acs.iecr.9b04659

CO2 Liquefication

1000.0

Aim: investigate different liquefication cycles to bring CO2 to shippi == g’ 750.0
condition (221K, 6-10bar) 3

* Ammonia — Ethane cascade cycle (shown below) 2% 500.0

« Single stage Linde-Hampson cycle SE '

* Precooled Linde Hampson cycle § E

« Dual pressure Linde-Hampson cycle = % 250.0
3

0.0

The specific work requirement is the least for the Ethane
Ammonia cascade system: 402.7 KJ/kg or 112 kWh/tonne

seaviater_35C_ammonia_l

seawater_35C ammona 2 seawater_35C ammonia 3

Compressor_gmmonia_L Compressor_ammonia_2 Compresser_ammonia_3

Ammonia cycle

o

JT_expansion_valve_ammoni

—>——->

Loop_brezker_ethane

N
a

Loop_breaker_ammonia

~> Heat_exchanger eth_amm
Ethane cycle

ethane 1 !

seawater_35(_C021

IT_expensign_valve_ethane

P
<

Compressor.

seawater_35C _ethane_L

Source_material_CO?2

Sink_liquid_CO2

Compressor CO2 1 Heat exchanger liquel

Total specific work requirements of each liquefaction process

Cascade System Pre-cooled Linde- Dual-pressure Linde- Linde-Hampson

(Ethane-Ammonia) Hampson Hampson
Saturation
Storage Storage Density of CO: at
temperature value at
pressure temperature | storage pressure and
storage pressure
value (bar) cC) value (°C) temperature (kg/m?)
6.5 -51.081 -52 1211.49
15 -28.293 -29 1102.18
25 -11.844 -12 999.99
35 0.224 0 911.54
45 9.944 9 833.39
55 18.167 18 731.72
[E——— | I
65 25339 25 630.70
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Recovering cold energy of liquid CO, in carbon capture sequestration stage

UKCCS

» (CO2gasfor
RESEARCH CENTRE sequestration
Cold energy___
utilisation

A

y

Heat Engine Electric power

. QO o N

Cold energy Storage

o
W55,

1 — CTES unit & Outlet

- 2 — Heat Exchanger5 — Tube Inlet

. 3 — Control centre 6 — Tube Outlet
4 — Shell side Inlet

Low pressure: 8 bar -53 C
Medium pressure: -28.5 C

r 15 C and 200 bar or 20 bar

*The potential for energy recovery from liquid CO, depends on the storage conditions

Power generation using ORC: maximum at 5.5 bar Direct utilization of cold energy at 0 C may be a practical approach

*Saline aquifer - 20% of the compression work can be generated with ORC

. * Depleted well - 92%
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Latest project: NI/GB Green Shipping Corridor

Patent No: EP2024/087496

AUIeE | LUll el SLtUueliiLs | oudil | LwulildeL us |

Teesside
University Study here Business Research About

Media centre Latest news | Insights | The Conversation | Inthe media

» between Northern Ireland and the
Northwest of England with a roll on /
roll off (ro-ro) freight ferry

Home » News centre » Latestnews » Developing green fuel for the maritime industry

Deve I O p In g g reen fu e I fO r th e « powered by hydrogen reformed
ngm . onboard from green methanol
mari tl me In d u Stl'y  green methanol synthesised in the
Port of Larne from green hydrogen
© 29 February 2024 ¥ @TeessideUni and recycled carbon dioxide

« Wind powered electrolyser to feed

Academics at Teesside University have joined a consortium exploring how green methanol
ty have | ploring now g green hydrogen

can be used as a as a scalable zero emission fuel for the global maritime industry.
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Renewable

Electricity
(30-35 MW)

A
Green H,

——  (16.2 tons, 2.5 MW,
Iiwi il $4000-6000/t,,,) I

Electrolysis
Water (146 tons)

CONCLUSIONS

Q Circular Economy with > 95% Emission Reduction
and 54% Npeyrc

6% decrease in ship 1) compared to conventional ICE
due to onboard CO, capture

2.5-3 times more space needed for fuel storage

2-3 times increase in operational cost based on
current cost of e-methanol $800-1000/tcys0n

To make the process cost competitive methanol
production cost should be < $400/tcyy30p Or higher

I carbon credits

o OO0 O

CATALYTIC HYDROGENATION (CH) VOYAGEDETAIILS ([Farne_Liverpool) Jer®)
3H,+ CO, « CH,;OH + H,0O ; AH°=-1.58 MJ/ kgCH30H

(Methanol

Production)

f

Larne |
(Northern

GHSV: 8,000-10,000 k! % Fuel Consumption (Round Trip)

New : 85.6% = HFO (ME): 31.5 tons (14.8 MW)
*  MGO (AUX): 5 tons (2.5 MW)
Total Energy Consumption: 17.3 MW (36.5 tons, 40 m3)

Nice : ~33%

Total Energy Output: 5.68 MW (ME + AUX)

CO, Emission (@2.7t ~/Aro): ~100 tons
Operating Cost: $ ~30,000\($550/t + Carbon Credity

< Round Trip Distance: 282 NM (523 km) B
" Xcop: 25% per pass % Auverage Speed: 18.8 knots (34.8 km/h)
®* Scuzon: 100% < Round Trip Time: 24h
= H,CO,=3:1 < Sea:16.2h
" 210°C, 75 atm % Port: 78 h
* 60% Cu/ZnO-AlL,O, N

7
o

7
o

%

S

3

S

>

CO,
(115 tons, 125.5 m3, 8 tanks,
20 atm, -100°C)

Methanol
(85.7 tons, 94.4 m3, 5 tanks,
19.8 MW, 1 atm, -80°C

$800-1200/ cs30p)

H2 On-board
6.1 tons,
(— 1 22 3 MW)
Water a0

(45.5 tons)

Birkenhead

(Liverpool, UK) O ngyip: 28.4%
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Propulsion Pathways

CQO, Capture Technologies

< HFO-ICE

<+ e-Methanol-ICE

< Hydrogen-ICE

<+ e-Methanol Reforming- PEMFC

/

“» e-Methanol Reforming-ICE

< TSA-MEA Systems

< PSA with MOFs

*+ Hollow Fiber Membranes
*» Waste Heat Recovery

% VARS (CO, Liquefaction)

Vessel
(Onshore)

CLOSED CARBON LOOP SYSTEM

Future Plans: Alternate Pathways

Technical Feasibility
Economic Viability (LCOP)
Environmental Impact
Safety & Risk Management
Implementation Roadmap

e-Fuel
}4 (
""""" CapturedCO,

e-Fuel Synthesis
(Offshore Facility)

Developing a User-Friendly Decision Support Toolbox for Maritime Stakeholders

 Process Models | %% VARS |

European Union
European Regional
Development Fund

I Risk Assessment | @& TEA | »~Z Scalability | g8 Toolbox
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This Photo by Unknown Author is licensed under CC BY-NC


http://www.seattledra.org/home/2018/11/28/and-the-ride-continues
https://creativecommons.org/licenses/by-nc/3.0/
https://creativecommons.org/licenses/by-nc/3.0/
https://creativecommons.org/licenses/by-nc/3.0/
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