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Demonstration project: RSP mOCGOn -
Denergy  verlume

Renewables for Subsea Power

. . . . Blue X wave energy converter
RSP is a Net Zero Technology Centre flagship project: with Sat Comms/3G/4G

»  “First-of-a-kind” commercial full-scale system to provide
renewable power & communications offshore

+ Combined system deployed, connected & operational as of

February 2023
Demonstration via 12-month deployment: ' 3 Subiaakgn'_t'fﬁmi;S,@gifrvilves
+ 3.5 nautical miles east of Orkney mainland; 50-53m water depth _._‘ o

Umbilical provides power & comms link from

« Remote comms, control & monitoring WESEORARQop e L RS IE R Al

Qualification to a system TRL 6-7 (API):
actual system completed & qualified via test and demo 7 4 : =

€

RSP aims to:
. . . . \ o " Verlume - HALO
+ Boost industry confidence in the proposed solution . A R e e e forage
. .. . . . Transmark Subsea - ARV-i system, with internal power &
+ Pave the way to wider carbon mitigation via systems scalable in residential autonomous comms distribution modules

underwater vehicle (AUV)

size and number across off-grid subsea power applications

FHE Foien == Eﬁ;‘?g;" <p SERICAENERGY @ * Baker Hughes &3 ((® rennoecreg?/n verlume  Transmark Subsea X

Technology Driving Transition F T T E P TthlEnergies

Shell PTX / Engineering Technology
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RSP System Overview mOCGO n -
Denergy verlume

Technical Specification & System Integration

Mocean - Blue X

Nominal Power | 10 kW |
Energy Storage 33 kWh ( Expandable)
Communication 4G,VHF,Wi-Fi
Battery Capacity 600 Wh charged via WiSub piniess connection - -
Dimensions | 19.3m (L) x 7.6 m (H) x 4.6 m (D) |
Endurance 14 hrs
Total Mass I | 38 Te |
Machine Vision Up to 6 HD cameras
Camera 4K uncompressed video, suitable for photogrammetry
ARV-l Drone Dims 061m(L)x04m 0.36m(H
(L) x (W) x (H) SLIP RING
ARV-l Dec Dims 12mL)x1.25m (W)x 0.7 m (H)

2 x 10mm? power cores

Baker Hughes — SEM Star 5

2 x 0.5mm? TSP SHDSL cores
| Power at XT (valve op’s) | 620 W with batteries charging and choke operating I
7 SWIVEL
I Power at XT (valve op’s) I 770 W max power for fast charging ‘
I Power at XT (no valve op's) | 535 W with no batteries charging or valve op's ‘
[ Communication | DSL or Ethernet depending on offset (primary) J BREAKAWAV.CONNECTOR
\ Communication | Electrical actuators are fault tolerant CAN J 1
J — | Y—
UMBILICAL CONNECTION 1 DEPLOYMENT POSTS
ARV-1 DOCK PROTECTOR ACOUSTIC MODEM &

Energy Capacity 46 KWh (Scalable to 10 MWh+) ' TRANSEONDER

Output 1A &1B (SPCS) 415 VAC, 50 Hiz, 2kW Max (Shared) ARV-I DOCK

Output 2 (ARV-i) 220VDC, 1 kW Max

Dimensions 4m(L)x29m(H)x2.5m(D)

SEM & LOAD BANK
Total Mass 10Te
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mocean
energy

RSP System Overview @

verlume
Use Cases

RSP is an enabler for wide ranging electrification & decarbonisation of subsea solutions ...

Long Offsets

Enable Long Offset

wells

*  Removes need
for Hydraulic
umbilical

*  Employ remote
chem injection
subsea

*  Minimal impact on
host infrastructure

*  Simple
transparent link
remote

k SatCom/4G

Umbilical
remediation

Reenable failed

assets with electrical

umbilical failures

*  Energy security

. Remote comms

*  Works with
existing control
architecture

Adoption of all-
electric subsea

systems

*  Green power
generation

*  Alternative to
DFCO from shore

*  Remotely
powered system

(Vehicle Residen \

cy

Short/long term

vehicle residency

*  Qver-the-horizon
comms

e Chargeon
seabed

*  Reduce
vessel GHG
emissions

/

\_ 7

\_ J

~

Brownfield
Expansion

Enable in-

fill/stranded asset

wells

*  Minimal impact
on host
infrastructure
control system

*  Simple
transparent link
remote
SatCom/4G

Metocean & Leak
Detection

Long duration

autonomous data

monitoring

*  Dataredundancy
remote comms
& local data
storage

*  Power for
retrofit leak
detection

Decommissioning

Lower carbon
operations

* Provides
power/comms for
nav aids/well
monitoring

* Removes needs
for
vessels/periodic
recovery of wells
data

* Lower carbon
footprint/no

Decarbonise existing developments

& enable electrification via new technology

SAAANS
SAAANS

marine diesel burn
sk /
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We make wave energy work

Independently de-risked ‘

* Via internationally recognised IEA metrics '

and performance evaluation criteria i

« Success in 6 consecutive PCP stage-gates" |

(WES & EuropeWave)

s

SAAAS
SAAAS

Track-record

« At-sea validation via 5-month Blue X trial
to prove behaviour and operations

+ 1-year+ deployment via RSP at more
energetic site east of Orkney

f

© Vverlume

\J "
energy T K
TS v
s dag; ..0 # .é:
o o b, & . 3
. . o“. ﬁ ..
] - ¥ o
Integration 3(?@ a
© « Commercial traction & readiness
-

« Optimised in parallel with subsea energy
management, subsea control, residential
AUV technologies

Performance

+* Relevance across markets via scalability
in WEC size and number

« Effective system hybridisation demo'd by
- robust wave + solar yields
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Blue X WEC Dashboard energy verlume

As of 2nd February; excess power is dumped to the resistor when the battery is at max capacity. This can be observed highlighted in blue in the
middle graphic.

Energy Generated Energy Exported to Halo Energy to Dump Resistor

8.99 mwn 2.08 mwn 3 MWh
" o UM AN L, Al Mot AN S S AR L

-50

02/28 03/09 0318 03/27 04/05 0414 04/23 05/02 0511 05/20 05/29 06/07 0616 06/25 07/08 0713 07/22 0731 08/09 0818 08/27 09/05 09M14 09/23 10/02 10/M 10/20 10/29 Nfo7 NN6 125 12/08 1213 1222
== Max_Hinge_Angle == Min_Hinge_Angle

12/31 /o9 0118 0127

Power Generated & Power Exported

i
”I._ ]I"lil‘. i I.'II WI ;L.l:»mr\l

LB AL

02/28 03/089 03N8 03/27 04/05 0414 04/23 05/02 05M 05/20 05/29 06/07 06M16 06/25 07/04 07h3 07/22 07/31 08/02 O0BN8 08/27 09/05 0914 0823 10/02 10M 10/20 10/28 M/O7 MNMA6 11/25 12/04 1213 1222 12/31 /08 018 0127
== Power_Generated == Power_Exported == Power_Dumped == Trip

Blue X Main Battery SoC

80.0
60.0
400

200

02/28 03/09 0318 03/27 04/05 0414 04/23 05/02 0511 05/20 05/29 06/07 0616 06/25 07/04 0713 07/22 07/31 08/09 0818 08/27 09/05 0914 09/23 10/02 WM 10/20 10/28 MNjo7 NN  1N/25 12/04 1213 12/22 12/31 Ojo9 01h8 0127
Blue_X_Main_Battery SoC
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RSP System Overview: battery storage O moceo n ‘lerlu m e

Halo: Robust Hardware for
Marine Environment

+ Designed specifically for integration of Marine
Renewable Energy Converters to subsea payloads.

+ State-of-the-art Lithium-ion battery technology
mMaximises energy density and operating efficiency.

« Off-the-shelf hardware, combined with sophisticated IP
from Verlume, minimises supply chain risk.

* Energy capacity and power output scalable and
configurable to suit end user requirements.

+ Adaptable for a range of output applications.

Sensitive © 2024, Mocean Energy & Verlume | Prepared for Diversification: Opportunity through Evolution, Subsea Expo O



RSP System Overview: battery storage moceo n —
Denergy  verlume

Intelligent Software - Verlume's
Energy Management Solution

« Resource and yield analysis: assessment of energy
resource at a project location to determine the optimum
power generation system.

« Capacity analysis: optimised energy storage for
overcoming generation intermittency and ensuring
maximum energy availability.

+ Performance and safety management: power
management integrated with battery management for
enhanced safety and performance in operation.

+ Patented technology with no comparable on the market.

AxXonn

Sensitive © 2024, Mocean Energy & Verlume | Prepared for Diversification: Opportunity through Evolution, Subsea Expo



®oneray.  verlume

HaloView Dashb d
TCP/IP COMMS OKAY IEMS AUTO CONTROL ON
400Vac [Max.:‘iKM — 230Vac
CLIN !il —
T, CONI1
0.00Vac -0.01A i . 1425 MCB13_RST CON1b } } CON2b f
RTT: 146 ms = ———
winmeas 4 amk Errs: 0.018 % P1: 1089.5 mbar Hum: 25.8 % il |
17.42°C -0W PCBO007b ([ENV BATT) GQ: 0 Charger 1b Charger 2b
PCB_T1:13.1°C  P2:1105.8 mbar IN: SET: IN: SET:
P1:1089.1 mbar Hum: 20.6 % PCB_T2: 15.7°C T 1:135°C : SET: ! SET:
PCBO07 (ENV IEMS) GQ: 0 consl INGRESS: 0707070 T 2:135°C gﬂ:; . gﬂ:; .
PCB_T1:15.8°C  P2:1105.2 mbar o 2 OUTj sp: OUTj 3;3-
RS P PCB_T2:19.1°C T 1:225°C : : - : :
INGRESS: 0/0/0/0 T_2:14.0°C AC/DC 182 52.70Vdc 5.13A comuﬁ CONdbﬁ
230Vac/48Vdc PCB002{1b (SYS BUS)
LIMZ| ong . 14.76°C 270W
CL2 OUT 220¥dc Max.1KW DCIDOC S agvdc CONZi |[RELAY1B (CONSb)
(ARV) - 48Ydcj220vdc
-0.68Vdc -0.05A
e BMS SUMMARY BMS 1-4
15.32° oW i
St CON3I Overall Array Volts - 52.90 V [0] RUN 81.0%
48V RELAY1 Array Current - 0.00 A 52.86V 0.0A MtF:65535
[No control) %
INVERTER Array State RUN [1] RUN 75.0%
Fault -0 52.81V 0.0A MtF:65535 MCB14B_RST
48Vdcf230Vac Array SoC - 74.0% (2] FUN i S R
Highest Cell Volts - 3.785V [4] D80V Hi0A MAE-GEESE
CL1A CON2 Lowest Cell Volts - 3.758 V [6] . : :
415Vac 2KW 230Vac AUTO 230Vac 3] RUN 77.0% e
ouT HighestTemp - 14.4°C [1] B3l -
SWITCHING e T S120°C (0] 52.88Y 0.0A MtF:65535
(SEM A) : P -
421.11Vac 0.13A 48Y CONTROLS BUS T!me to Fully Chgd - 65535 [NEVER]
PCB002{2 ([CL1A OUT) Time to Empty - 65535 (NEVER) BMS 5-8
19.59°C SEW [4] RUN 76.0%
RELAY1i RELAY?i RELAY3i === BATT_ENB 52.94Y¥ 0.0A MtF:65535
[5] RUN 75.0%
CL1B CON3 DC/DC 1 DC/DC 2 DC/DC 3 DC/DC 4 MCB9B_RST 52.80V 0.0A MtF:65535 MCB58B_RST
ouT 48Vdcj24vdc 48Vdcj24vdc 48Vdc/5Vdc 48Vdcj24vdc == |61 RUN 75.0% ——
: 52.76¥ 0.0A MtF:65535
(SEM B) I I Il
423.34Vac 0.09A CONTACTOR/CAN TO TO T0 S2 === ||[7] RUN 74.0% e
PCB0023 ([CL1B OUT) ISOLATOR ETHERNET PCBSi CONNECTOR 52.75¥ 0.0A MtF:65535
17.17°C 20w SUICH
13:04:29 29/06/2023
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RSP System Overview mOCGO n -
Denergy  verlume

Power Stabilisation

Variable wave power availability 2 consistent power delivery.

RENEWABLE POWER GENERATED POWER AVAILABLE

Blue X converts energy from waves with daily, monthly, and annual _ .
Halo ensures that there is always power available.

variability.
100.0% 100.0%
90.0% 90.0%
80.0% 80.0%
70.0% 70.0%
60.0% 60.0%
50.0% 50.0%
40.0% 40.0%
30.0% 30.0%
20.0% 20.0%
10.0% 10.0%
0.0% 0.0%
2 . & L a A
\?{\\} "‘-“:é&o ) @'5‘& & \&\,g\ & ) R & g & Oééce, D‘a@éoe e&& & \@QQ,Z;\‘\ é&&ﬂ‘\ é\'b@}\ & @6\ N S @}r’} § ($°?} 0(,}6")?} ¥ & p &
2 = 9 « R &
Normalised power generated. Normalised state of charge.
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RSP Phase 3 nghl’lghis

2 . = f:{’,,» Data from 11 months of

i operation (Mar-Jan)
4 suggests robust wave &
solar yields, and rella e

system mtegratlon.

Y
l""
<

S T

Torl energ.y contribution: [ M:;\( h,'enfe ARV-i docking:
converted: covers 200% 7/ 50 autonomous

9 MW comms J.r/_ .Sodeg docks/undocks
(as of February) Lo (within limits)

LTSS
Average

power: Best daily Max Hs | Availability for
~2.6 kW 9 solar yield: § encountered: § comms:

B 99.9% uptime

(September)
~1.9 kW (overall)

Showing solar panels at hinge & 4
o forward wave channel.

% o9 .o':"‘
N A y ¥ e
Ensitive © 2024, Mocean Enetgy &,\/eflume | Prepared for Diyersification: Opportunity
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Concluding Remarks

RSP type solutions have a significant role to play in the North Sea, across
Europe, and globally.

* Ready, reliable, renewable, source of local, clean energy at sea

*  Cross-industry collaboration is key: 2 Energy Converter.s :
< == L7 wighiSat Comiis/3G/4G

RSP brings industry together developers, operators, integrators —
all building towards Net Zero targets

* Larger scale decarbonisation opportunities await:

* Islanded systems and larger scale off-grid (e.g. CCS, hydrogen)

. . . _ : Halo energy management and
Mocean awarded £3.2 Grant awarded to deliver next size : storage systemiintrgrated to

machine by 2025 z manifold, witj internal power &
f _ comms distribution modules

* Verlume technology is modular and scalable, with active offshore

wind projects taking seabed battery storage to MWh range. p g /‘
ad V4
« Gaining momentum and seeing growing industry traction - " All Electric Subsea production systemn,
. . . . . . electric valve actuation
« Attracting international investment and energy super majors into UoabBilieal . S
demonstration projects power & comms link from WEC to Halo battery o
integrated in manifold

+ Several completed and active feasibility projects ongoing
assessing global opportunities across the energy sector.

“How do wave powered RSP solutions fit with
your projects, and how can they play a partin
your strategy towards decarbonisation?”
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