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Why cheaper drilling for Geothermal Energy

Temperature@1 km depth @Europe
[Chamorro et al. (2014)]
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Why cheaper drilling for Geothermal Energy

[T 1-30°C/km

Temperature@1 km depth @Europe
[Chamorro et al. (2014)]
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Why cheaper drilling for Geothermal Energy

mo C/km Current rotary  — Ideal rotary

/

Temperature@1 km depth @Europe [Lowry et al. (2017)]: Calculated using the Well Cost Simplified
[Chamorro et al. (2014)] (WCS) model from Sandia National Laboratories.
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Why cheaper drilling for Geothermal Energy

’ To reach 180~ C reservoirs ‘
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moo/km CUITent rotary  —
Temperature@1 km depth @Europe [Lowry et al. (2017)]: Calculated using the Well Cost Simplified
[Chamorro et al. (2014)] (WCS) model from Sandia National Laboratories.
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Why cheaper drilling: the case of AGS

AGS - case study’ Impact of the drilling performance
Scenario Current rotary | Ideal rotary | Target (any)
ROP [ft/hr]? 25 100 To be increased
Bit lifetime [hr]? | 50 200 To be increased
SpCC [USD/We]' | 145 37 2-5

SpCC: Specific Capital Cost

USD equivalent to 2019USD

Current rotary assumes state-of-the-art mechanical rotary drilling

Ideal rotary assumes solving all challenges of state-of-the-art mechanical rotary drilling
Target (any) assumes novel drilling technologies, e.g., PPGD, thermal spallation, laser, etc.

Thus, we need to increase the ROP and the bit lifetime to the values at which the SpCC reaches
2-5 USD/Wq, thereby enabling AGS to compete with other renewable energy resources.

'[Malek et al. (2022)] - 2[Lowry et al. (2017)]
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How to reduce the drilling cost

Cm
Cp
Cr
Tq
Tt
Th
AD

Cm

_Cp+Cr (Tg +Ti + Th)

Cost parameter
Drilling cost

Bit cost

Rig cost

Drilling time
Tripping time
Non-rotating time
Drilled depth

[Lyons et al. (2012)]

Unit
USD/m
USD
USD/hr
hrs

hrs

hrs

m

AD

Depends on

ROP

Bit lifetime

Mechanical failure and casing
ROP and bit lifetime

InterPore2022, 30 May - 02 June, Abu Dhabi, UAE
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i.e., PPGD, thermal spallation,
laser, etc., are expected to:

- increase the ROP and the bit
lifetime,

- eliminate most of the mechani-
cal failure, and

- afford the drilling-with-casing ap-
proach.
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Outline

Plasma-Pulse Geo-Drilling (PPGD)
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Plasma-Pulse Geo-Drilling (PPGD): Basic principal

Rock

Epsr Dielectric strength of the rock
Eps,pr Dielectric strength of the drilling uid

Lightning in nature E> Epsr
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Plasma-Pulse Geo-Drilling (PPGD): Basic principal

Drilling uid

1

Rock

. - E> E > E
Lightning in nature DSR ~ =DS,DF
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Plasma-Pulse Geo-Drilling (PPGD): Basic principal

Drilling uid

1

Rock

Rock Drilling uid

> >
Alexander Vorobyev E> Eosr > Epspr N

(1909-1981) TPU Rise time r < 500 ns

[Ushakov et al. (2019)]

Thus, PPGD requires short high-voltage pulses of rise time 500 nanoseconds and amplitude
200 kV, thereby forming plasma channels inside the rock, not in the drilling uid.
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PPGD: Proved concept
High voltage pulse

[Ezzat et al. (2022b)]
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PPGD: Proved concept
High voltage pulse Drill bit

High voltage electrode Grounded electrode

NL

Polyethylene Insulator

[Ezzat et al. (2022b)] [Ushakov et al. (2019)]

InterPore2022, 30 May - 02 June, Abu Dhabi, UAE Ezzat et al. oh@ethz.ch)  30.05.2022 6




eothermal Energy and Geo uids

PPGD: Proved concept
High voltage pulse Drill bit Borehole

High voltage electrode Grounded electrode

NL

Polyethylene Insulator

[Ezzat et al. (2022b)] [Ushakov et al. (2019)] [Rossi et al. (2020)]
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PPGD: Proved concept
High voltage pulse Drill bit Borehole

High voltage electrode Grounded electrode

. |
/

Polyethylene Insulator

[Ezzat et al. (2022b)] [Ushakov et al. (2019)] [Rossi et al. (2020)]

Even though the research and investment in PPGD are incomparable (too little) to mechanical
rotary drilling, comparative analysis has shown that PPGD may reduce the drilling costs by 17%?*
from the costs of the mechanical rotary drilling (roller cone bit). [anders et al. (2017))].
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PPGD phases (modeling approach)

Phase-I: plasma formation in pores.
[Lisitsyn et al. (1998)]

Phase-II: Plasma pressure
expand/induce microcracks.

Phase-lIl: Plasma channel
formation.

Phase-1V: Plasma pressure
damage rock.

Our simulations focus on the plasma simulation of Phase-I (i.e., increase in the pore pressure), which is the onset of the

whole process. However, coupling this plasma simulation with a mature phase- eld fracturing modeling is foreseen.

[Ezzat et al. (2022a)]
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Outline

PPGD experiments under deep wellbore conditions
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PPGD experiments: Site

Aim: Investigates the PPGD performance in parameter unit | range
ranite under deep wellbore conditions of u Lithostatic pressure | bar | 1 -1500
9 P P Temperature °C 7-80

to 5 km depth. Hydrostatic pressures | bar | 1-500

PPGD experiments @ Fraunhofer IEG, Bochum, Germany
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PPGD experiments: Site

Aim: Investigates the PPGD performance in parameter unit | range
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granite under deep wellbore conditions of up 5
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to 5 km depth. Hydrostatic pressures | bar | 1-500
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PPGD experiments: Site

Aim: Investigates the PPGD performance in parameter unit | range
ranite under deep wellbore conditions of u Lithostatic pressure | bar | 1 -1500

9 P P Temperature °C 7-80
Hydrostatic pressures | bar | 1-500

to 5 km depth.

- Safety Area

o

PPGD experiment
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PPGD experiments: Site

Aim: Investigates the PPGD performance in parameter unit | range
ranite under deep wellbore conditions of u Lithostatic pressure | bar | 1 -1500

9 P P Temperature °C 7-80
1-500

to 5 km depth. Hydrostatic pressures | bar

- _S_afety Area

<—D | :': =

PPGD experiment

Control room
PPGD experiments @ Fraunhofer IEG, Bochum, Germany
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PPGD experiments: Drilling cells

1- Loading Frame Experiment to study the
lithostatic pressure effect

‘ © Fraunhofer IEG/Borner ‘

Apply lithostatic pressures up to 150 MPa

simulating 5700 m depth.
[Ezzat et al. (2022b)]
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PPGD experiments: Drilling cells

1- Loading Frame Experiment to study the 2- Mini-iBOGS Experiment to study the
lithostatic pressure effect hydrostatic pressure and temperature effects
‘ © Fraunhofer IEG/Borner ‘ ‘ © Fraunhofer IEG/Borner ‘
Apply lithostatic pressures up to 150 MPa Apply hydrostatic pressures up to 50 MPa
simulating 5700 m depth. simulating 5000 m depth, and up to 80 °C.

[Ezzat et al. (2022b)]

InterPore2022, 30 May - 02 June, Abu Dhabi, UAE Mohamed Ezzat et al. (mostamoh@ethz.ch)  30.05.2022



Geothermal Energy and Geo uids

PPGD performance under elevated lithostatic pressure

parameter
Pulse voltage
Rise time
Electrode gap
distance
Number of
pulses

Water electric
conductivity
Hydrostatic
pressure
Temperature
Lithostatic
pressure

[Ezzat et al. (2022b)]

value
200
<100

15

10

12-33

10
1-1500

unit
kv
ns

mm

#

S/cm

bar

bar
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PPGD performance under elevated lithostatic pressure

[Ezzat et al. (2022b)]
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PPGD performance under elevated lithostatic pressure

Electric conductivity versus
the con ning pressure

Dominates the process at pressures
less than 500 bars. [Ezzat et al. (2022b)]
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PPGD performance under elevated lithostatic pressure

The con ning pressure strip

Electric conductivity versus
ty the free surface of the rock

the con ning pressure

Dominates the process at pressures
Dominates the process at pressures

less than 500 bars. [Ezzat et al. (2022b)]

greater than 500 bars. [Li et al.
(2018)]
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