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Technology S-Curve

3 Stages of S-Curve
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 Emergent Stage: Introduction, little
consistency (Betamax, VHS)

=

O O

O '4(':,cs

E = - Growth Stage: enabled by

c @ establishment of a dominant design

£ § * no longer convincing customers and
L5 trying to figure out what they want
S =2 e production and optimization

* Maturity Stage: sustaining innovation
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Patterns of S-Curves

New S-Curve
(ex DVD)

Technological
limit

Established

Dominant Design
(ex VHS)

Disruptive Design
Grows More Quickly

Established
Dominant Design

Adapted from Christensen’s
“The Innovators Dilemma”
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Disruptive Technology Change

Disruptive Innovation:
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1.Start at a low customer
value

2.Rate of progress much
steeper than trajectory of
incumbent technology

Performance / Cost

Adapted from Christensen, Mcdonald,
Altman, Palmer “Disruptive Innovation:
An Intellectual History and Directions for

AI_RDC co“ Future Research”
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Ecosystem Disruption Framework
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- Emergence Challenges +
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’ New

Technology

Extension
Opportunities

Extension
Opportunities

©r

Creative Destruction: Classic and fastest substitution; new ecosystem is
ready to go and the old can’t be significantly improved

Robust Coexistence: New technology is compatible with the existing

Emergence ecosystem and the old ecosystem can be improved
Challenges . N ,
@ lllusion of Resilience: New ecosystem needs considerable development
and the old ecosystem has little room for improvement.
Source fom A . . @ Robust Resilience: The new ecosystem needs considerable
urce: Ron Adner and Rahul Kapoor, “Right Tech. Wirong Tech, " Harvard Business Review VOLUME (2018) .. .
i ' development and there are abundant opportunities to improve the old
ecosystem
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Surface Controlled Gas Lift:
Innovation Curves

2. . iroc.coM



& GAS LIFT -

URFACE CONTROL SYSTEM
tegrated with DIAL Control Room Software

I/ Low power for remote loca

——
$ SOLAR POWERED
N WORKSHOP ; ( .

Surface Controlled Gas Lift:
Essential Components:

™ Control System

@) TEC (% Inch)
« Surface Controlled Gas O
Lift Valve Q
3
 Surface Control System (%
-' 2. MODBUS / RTU / SCADA
% (g Remote Control and Monitoring
o .
e Communication Line Y
(Hydraulic or Electric)

urfoc
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Surface Controlled vs IPO Design

IPO Valve Gas Lift Design

Pressure

il

Pressure

G -
e

Surface C /
f+ Production

IPO Valve #1

+ $$5%%
- Cost and

- Carbon

DIAL Unit #1

Depth

Reduced Pressure Available
Downhole
= Reduced Injection Depth
= Reduced Production
= Reduced Profits

|

Orifice Valve

Increased AP and Drawdown

LS

LU

LLLILD

LLlL
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Surface Controlled Gas Lift Innovation Path

“PUSH” Innovation — initially a “solution looking for problem”

TH E N * |nnovative actuator

* Found home in automotive, medical, aerospace, oilfield

Business Cases Developed Around Gas Lift
*  Much more costly than conventional; Initially unproven
-BUT-
* Rapid payback;
* Reduced OPEX, intervention, carbon intensity, hazard........

“PULL” Innovation
N OW « Operations WANT solutions
* Entrants to the Market

* BUT, other actuators might be better suited for some applications
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Surface Controlled Gas Lift S-Curves
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S-Curve Interactions: Surface Controlled S-Curve Interactions: Electric Surface
Gas Lift and Conventional Gas Lift Controlled Gas Lift Actuator Types
Surface
Controlled

S/ Gas Lift

Technological
limit

Conventional ~._Binary Actuator Technology
Gas Lift / (first Surface Controlled Gas Lift)
Adapted from Chri'stensen's

The Innovators Dilemma ALRDCOCOM

Motorized Actuators
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Disruptive Technology Change:
Surface Controlled Gas Lift ‘O(\med
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Performance / Cost

Time Adapted from Christensen, Mcdonald, Altman, Palmer “Disruptive
Innovation: An Intellectual History and Directions for Future Research”
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S-Curve: Permian Unconventional Surface
Controlled Gas Lift Technology
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PERMIAN

MARKET IS * Emergent Stage:
HERE Initial Installations (SPE 201140-MS) and

(SPE 214939-MS)

e Growth Stage:
Enabled by establishment of a dominant
application design (bidirectional flow for
annulus / tubing lift / production; ability to
swap between them)

Performance / Cost
Market Saturation

* Maturity Stage:
Sustaining innovation and incremental
Time improvements
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Interval Control Valves:
S-Curve Interactions
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ICV Technology
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TH EN Initial Electric and Electric/Hydraulic ICVs

* Complex
* Expensive

Hydraulic ICVs

* Less expensive
* Less complex / More reliable
* Less functionality

More Advanced Hydraulic ICVs

* Multiple position options (j-latch, hydraulic stepping)
* Line minimization strategies (Single Lien Switch, Digital Hydraulic, etc)

N OW New Generation Electric and Electric / Hydraulic

* Downhole electronics have advanced
*  Much better understood and more experience
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—_— |ICV S-Curve Interactions

Extension Opportunity:

Advanced Hydraulic (reduced _ %= = T
lines, positioning) -~
= ~ 7’ -
H/k/ L — New Generation Electric
/ Electric
v/
Original \ Basic
Electric Hydraulic
——/
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ESP S-Curves
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ESP Technology

Basic ESP: Electric Submergible [SIC] Pumps
* 1930's
*  Widely accepted

VFD: Variable Frequency Drive
* Wider operating Range
* More efficient

Sensing (downhole pressures, motor performance)
* Improved control of ESPs
* Better understanding of reservoir
* Preventative maintenance

PMM: Permanent Magnet Motor

* Better control
*  More efficient
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ESP S-Curve Interactions
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Extension Opportunity:
Sensors

Feed back
Predictive Maintenance PMM:
More Torque

Wider operating range
More efficient
Basic ESP Extension Opportunity:
VFDs
More control
More torque
Wider range
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ESP: What’s Next?

Surface Controlled Gas Lift
Extqnzian QRPAISHNIRY 6N
Solide ReaHg eehtrol

Less Intervention

,/
-~ [ ]
7
[ ]

o Unconventionals:

Gas Production

Solids (proppant)

 Highinitial production

* Production quickly
drops

7
7
. . 7
Extension Opportunity: 7
Gas tolerance? P 7
Ve
7/
/7
7/
ESP: PMM, Sensors, 7
VFD
Gas Lift

Less Production
Gas Tolerant
Debris Tolerant

ESP Shortcomings:
e Debris tolerance

* Gas tolerance

e Lift up annulus?

A
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Summary / Conclusions
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Innovation follows trends across markets and industries
Offers insight into the path of new technologies
Comparing trends can help decide where new technologies might lead

Discussion topics:

* |s Surface Controlled Gas Lift finding a niche?

* What is the future of ESPS in the Unconventional Market? Gas Lift?
 Where do we see Extension Opportunities? Or resistance?
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Question Time
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Copyright

* Rights to this presentation are owned by the company(ies) and/or author(s) listed on the title page. By
submitting this presentation to the Gas Lift Workshop, they grant to the Workshop, and the Artificial Lift
Research and Development Council (ALRDC) rights to:

* Display the presentation at the Workshop.

* Place the presentation on the www.alrdc.com web site, with access to the site to be as directed by the Workshop Steering
Committee.

* Place the presentation for distribution and/or sale as directed by the Workshop Steering Committee.

» Other uses of this presentation are prohibited without the expressed written permission of the company(ies)
and/or author(s).
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Disclaimer

The following disclaimer shall be included as the last page of a Technical Presentation or Continuing Education Course. A similar disclaimer is
included on the Gas Lift Workshop webpage.

The Artificial Lift Research and Development Council and its officers and trustees, and the Gas Lift Workshop Steering Committee members, and
their supporting organizations and companies (here-in-after referred to as the Sponsoring Organizations), and the author(s) of this Technical
Presentation or Continuing Education Course and their company(ies), provide this presentation and/or training material at the Gas Lift Workshop "as
is" without any warranty of any kind, express or implied, as to the accuracy of the information or the products or services referred to by any
presenter (in so far as such warranties may be excluded under any relevant law) and these members and their companies will not be liable for
unlawful actions and any losses or damage that may result from use of any presentation as a consequence of any inaccuracies in, or any omission
from, the information which therein may be contained.

The views, opinions, and conclusions expressed in these presentations and/or training materials are those of the author and not necessarily those
of the Sponsoring Organizations. The author is solely responsible for the content of the materials.

The Sponsoring Organizations cannot and do not warrant the accuracy of these documents beyond the source documents, although we do make
every attempt to work from authoritative sources. The Sponsoring Organizations provide these presentations and/or training materials as a service.
The Sponsoring Organizations make no representations or warranties, express or implied, with respect to the presentations and/or training
materials, or any part thereof, including any warrantees of title, non-infringement of copyright or patent rights of others, merchantability, or fitness or
suitability for any purpose.
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