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Circular Energy is...
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Circular Energy is

* A start-up company based in The Netherlands
* Targeting small offshore gas discoveries

* Producing power offshore

* Capturing and injecting CO,

* Selling 100% CO,-free power

Circular Energy does not
* Apply new technology
* Take Exploration risk




Who is on board?
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Public Affairs

Helma Cruts
Petrophysics
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Opportunities for offshore Powergen
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The export route determines the sizing oo

Power produced is
given by number of wells,
well productivity and

powergen efficiency

Power transported is
given by available
export cable capacity
from windfarm to shore

Average “Time Online” is given by:
» Nameplate capacity of the windfarm
 Capacity of export cable

* Power fed into cable by Circular Energy
* Probability distribution of wind speeds
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Power Generation plant & '
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"ot ¥ Maximise %C02

in flue gas

Heat recovery
steam generator o
Maximise power

Combustion
generate
GT generator
ST generator
Use LP Steam for

Carbon Capture plant
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Carbon Capture Plant
Topsides to be optimised
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Propagation of CO, through the reservoir can be managed
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Top view Side view
Producer
Injector
Injector
Injector X
Producer CO, concentration
after 10 years:
) ™ 10 molim?
Propagation depends on
» Rock properties -
» Well spacing
» Well design I
* Pressure & temperature 0 mol/m?
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CO, breakthrough can be deferred G
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Increase in CO,
concentration in producer
after 7 or 8 years
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Well design, well spacing
and isolation of individual
zones may defer CO,
breakthrough further




Reservoir pressure decline is counteracted
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Ambient air

comprises typically
of 21% oxygen and

79% nitrogen

The processing of

Nitrogen is a major
source of inefficiencies

for power plants

Natural gas
comprises
typically of:

93.00% C1
2.85% C2
0.35% C3
1.70% CO,
1.90% N,

For every mole of CH,
produced one mole of
CO, is injected,
assuming perfect
capture effectiveness.

The reservoir receives
a similar volume of
CO, as the volume of
natural gas produced
from it.

Injection pressure to be managed
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Bottom hole pressure [oar]
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Fracking to be
prevented

Initial reservoir
pressure 427 bar

CIRCULAR_SYNTHETIC_MODEL, Bottom hole pressure

Rock fracture pressure
estimated at 490 bar

m innovation
for life

Perforation of injection well in
acquifer below the reservoir
may support dissolution of
CO, and prevent
overpressurisation

Horizontal completions may
lower differential pressure

with the formation and thus
prevent rock fracture
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The Merit Order
The collective demand
curve is given by the
number of consumers,
GDP growth, prices of
3 substitutes, etc

Market Clearing Price (traditional oil price)

Price

==

Wind and solar

Nuclear power

Demand for electricity

The collective
supply curve is
given by the
combined cost
structure of all
suppliers

Quantity

When the market clears, the price is set by the highest
marginal cost producer. All producers with a lower MC
make a profit. Producers with a higher MC are not
producing.

The Merit Order describes the sequence
in which additional capacity is brought
online when the demand curve moves to
the right.

Price volatility resulting from growth in Renewables
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Operating costs (Euro/MWh) Power Demand

Capacity (GW)

Natural Gas oil

Higher prices ..associated with
for electricity low input from
are... renewables
Renewables  Nuclear Lignite Hard Coal
Electricity ...with higher input
prices are from renewables
reduced... -

Renewables Nuclear Lignite Hard Coal

Renewables tyeicall have high Fixed
Costs but low Variable Costs and
therefore produce at low Marginal Cost

o Capacity (GW)

Natural Gas

high Variable Costs (fuel

Thermal Power Plants t)&)ica(lily have
an
therefore high Marginal

ost




A day in The Netherlands in 2023 Cu

Residual Demand = Demand -/- Wind -/- Solar MustRun = lowest available capacity,
i.e. nuclear or CHP with a heat demand
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452023 | 552023 | 65-2023 752023  85-20p3 952023  10-5-2023
Residual -/- MustRun = 0, Residual -/- MustRun < 0, Residual -/- MustRun > 0,
prices are likely to be low negative prices prices are likely to be high
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How come Circular Energy can do something others can’t?

End-of-pipe solution Integrated solution
\CI-R;ULAR ENERGY BV
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Additional Capex: Capture Plant + Flowline Capex: Power Plant + Capture Plant
to existing offshore installation + Wells + Wells
Ad(ditional Revenues: none Revenues: Sales from gas field that

would otherwise not be developed




How does this compare to other CCS projects? Cumosars

Retrofit to pulverised
coal fired power plant,

1.4 MM E{)a
US$ 1,040 MM
started Jan 2017
800 Retrofit to coal fired
power plant,

700 1.1 MM tpa
—_ €417 MM
g_ 600 project cancelled
M
§ 500
s Integrated design with
S 400 gas fired Nﬁ)ower plant,
™ 0.64 MM tpa
2 200 €83 MM
3 scheduled start 2020
£ 200
2

0
Petra Nova ROAD Circular Energy
Onshore capture, Onshore capture, Offshore capture,
onshore EOR offshore storage offshore storage

CIRCULAR ENERGY BV




