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Carnegie and Hewlett Packard Enterprise advance CETO Technology

Improving CETO Performance through Reinforcement Learning-based controllers

e (Carnegie and HPE advance collaboration to improve CETO performance
e HPE, one of the largest global multinational Information technology companies, represents a

key strategic partner for Carnegie

e HPE to display CETO technology at international industry conferences - ISC High
Performance 2022, Hamburg, and HPE Discover 2022, Las Vegas

e Strategic partnerships are a means to progress, promote and subsequently commercialise

CETO technology

Carnegie Clean Energy Limited (ASX Code: CCE) (“Carnegie” or the “Company”) is pleased to provide
an update on the progress made on the CETO technology with Hewlett Packard Enterprise Company
(“HPE”), multinational Information technology firm with a market cap. of USS20 billion®.

Carnegie and HPE have been collaborating since 2020, and the work conducted by the two companies
has delivered significant improvements in CETO’s performance, specifically in relation to the
technology’s Reinforcement Learning-based controller. Reinforcement Learning is a type of Artificial
Intelligence where the system teaches itself how to operate optimally. The Reinforcement Learning
controller has the ability to directly learn and apply the optimum response to predicted waves, during

Figure 1 - HPE's CETO Tank at the ISC High Performance
Conference in Hamburg, 29 May - 2 June 2022

! https://finance.yahoo.com/quote/HPE/

operation. In this case, it learns by being
rewarded for the electricity it generates from
waves, positioning itself to gain more out of
each wave. Together, Carnegie and HPE are
building on the 20% power gain reached for
the Reinforcement Learning controller, as
presented by HPE at NeurlPS in December
2021, a global conference on Neural
Information Processing Systems (figure 3).

HPE is currently exhibiting the CETO tank
display at the ISC High Performance 2022
conference in Hamburg this week, to be
followed at HPE Discover 2022 in Las Vegas
on 28-30 June.

HPE Discover is a global business conference
unveiling HPE’s vision for the future. With
conference registrations exceeding 55,000
business and government participants from
around the world, this is a significant

21 North Mole Drive, North Fremantle WA 6159 | PO Box 39, North Fremantle WA 6159
Phone: +61 8 6168 8400 | www.carnegiece.com | ABN 69 009 237 736


http://www.carnegiece.com/

“ Carnegie
\‘ CLEAN ENERGY

opportunity to showcase CETO and the innovative reinforcement learning control being developed
collaboratively by the two companies.

Over the next few months, Carnegie will continue to progress CETO via the competitive EuropeWave
PCP Programme as a means to validate the technology and support the commercialisation trajectory
forward.

Carnegie’s CEO, Mr Jonathan Fiévez, commented: “The teams at Carnegie and HPE have actively
joined forces to pursue this exciting innovation in Reinforcement Learning-based controllers. Our
partnerships are critical in our pathway to advance and commercialise our technology. HPE is a global
multinational company, and for them to be a big supporter of Carnegie, and see what we see in CETO,
is a testimony of what we have developed and how together we can revolutionise the control of wave
energy converters.”

RL controller

Environment: measured and predicted waves

CETO system state: CETO position, velocity, etc...
Reward: Feedback on control action
Control action: PTO forces

e
Wave &
Sensors

uoinoe |0J3u0)
a1e1s "38AS 0.L3D)

:
CETO Unit

Figure 2 — Reinforcement Learning control applied to CETO.
The RL controller uses input from the environment (predicted waves), the state of the CETO system (how it responds to the
environment), and rewards from previous actions, to determine how to optimally control the system

This announcement has been authorised by the Chairman and Company Secretary.

For more information

Carnegie Clean Energy Limited
+61 8 6168 8400

enquiries@carnegiece.com

Www.carnegiece.com
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Multi-objective Reinforcement Learning Controller for Multi-Generator “‘
Industrial Wave Energy Converter
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Soumyendu Sarkar', Vineet Gundecha'. Alexander Shmakov', Sahand Ghorbanpour', Ashwin Ramesh Babu', Paclo Faraboschi', Mathieu Cocho?, Alexandre Pichard?, Jonathan Fievez?

Motivation : Lowering the Levelized Cost of
Energy (LCOE) for Wave Energy Converters

- Waves are more consistent and reliable form of energy source.

- Using Roinforcomant Learning (RL) agents are koy in lowering LCOE by

+ Incroasa in anargy i 00sting ravenue

* Protect tha wavs

preserving inve:

Problem

loxity of Control for

* To maximize energy caplure, the first generation WEC with one
generator and one tether(ieg) is transtormed to having 3 generators on 3
inter-dependent legs to leverage translational and rotational motions.

- The complexty of control Ras gone up with the state-f-the-an WEC

« Variability of the waves and angles induces asymmetry to the WEC

« Existing controllers like Spring Dampor are unabla to leverage the full
potontial of this complox mechanical structure

Solution

“Hewlett Packard Enterprise 2Carnegie Clean Energy

Multi-agent Reinforcement Learning Design
Reinforcement Learning environment State, Action. and Reward
+ State information is provided as a vector ropresented by s,

s=letégpri]

where ¢ is the buoy position wilh the first and second derivalives, g is the

tether extension, and # is wave excitation with the first derivatives.

« Action space is continuous, defined by the reactive force /. for the
controlied generator

~ Raward for tho muli-agont RL i dofinad as.

Reward; = a.(Pyyngy + i hers) + (1= a@)yaw

where P is the gen

ed power — s the hyperarameter for the
\aam coafficient, and & is tha hyparparameler for yaw minimization, yaw is
the rms of the rotational motion of the bi
represents the index for the agent

Key Challenges.

y around the vertical axis. *i

+ lterative agent state design for absarvability and correlation with control
objective
+ Su

+ Simullaneaus convergence for all wave time periods

the traing

e for oplimum controber

oximal Policy Optimization

« Proximal Policy Optimization (PPQ) performed better than other RL
algarithms like the DDQN, Soft Actor-Critic, and A3C in our experiments.

+ Clipped surogate objective function in PPO was key to prevent the

policy from taking larga staps during training, avoiding Yalling off tho ciff

Results

Almost 20% Power Gain o

Mechanical siress and Maintenance mitigation with Design for Trust
RL agent almost eliminates the harmful rotational motion of yaw of the
buoy reducing mechanical stress

Muiti-agent Reinforcement Leaming is required 1o better control the reactive
tha generators o hava complax

nd partial o

10 tha oncoming

Hypo i v gains

+ RL controller is less preedy than Spring Damper and is less
proportional with the generator reactive force and the instantaneous.
velocity of the tether, compromising short-term objectives for greater

gains on energy capture with discounted retums.
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Figure 3 — Neural Information Processing Systems, Poster — HPE & Carnegie

ABOUT CARNEGIE

Carnegie Clean Energy (ASX: CCE) is a technology developer focused on delivering ocean energy
technologies to make the world more sustainable. CETO Wave Energy Ireland is a wholly owned
subsidiary of Carnegie Clean Energy. Carnegie is the owner and developer of the CETO® and
MoorPower™ technologies, which capture energy from ocean waves and convert it into electricity.
Using the latest advances in artificial intelligence and electric machines, Carnegie can optimally control
our technologies and generate electricity in the most efficient way possible. The Wave Predictor
technology developed by Carnegie uses a proprietary machine learning algorithm to improve the
performance of our wave technologies and has additional applications beyond the wave energy
industry. The company has a long history in ocean energy with a track record of world leading
developments.

https://www.carnegiece.com/
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