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A bit about me
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e Research Scientist/Engineer, Stanford, (October, 2024) y £ CEOTHERMAL ENERGY Bakrie

e Postdoc, SISL and Mineral-X, Stanford, 2023-present @pL

e PhD in Mechanical Engineering, Carnegie Mellon, 2023 oMV 'ﬁ?‘ t‘

e MSE, Industrial & Operations Engineering, @& BOSCH @F NISSAN
University of Michigan, Ann Arbor, 2018 () rovora |

e BE, Industrial and Systems Engineering, Sepuluh Nopember lIIVITHIRESEARCH'NST'TUTEttt

Institute of Technology, Surabaya, 2014

e Native and born in Gowa, South Sulawesi (< 10 km from Kampus Teknik)

IC-REST 2024, Hasanuddin University 2




Trustworthy Al for Indonesia's Minerals and Geothermal Resources: Grand Opportunities and Major Challenges l XI\/IINEF!AL X S | S L

s anford Inteligen

Acknowledgment

e Special lifetime gratitude to these people: e Special thanks also to:
o Kak Ilham Aminuddin
(Geology, Unhas — Bina Antarbudaya,
AFS Ch. Makassar)
o Kak Irwan Setiawan
(Tl, Unhas — Bina Antarbudaya, AFS Ch. Makassar) Physics Teacher in IMMIM ('04-'09)

o Kakanda Armin Darmawan
(Tl, Unhas — IAPIM ‘97)

o Ust. Muh. Zubair Baso,

o Pak Syarifuddin Mabe Parenreng
(Tl, Unhas — LSCM, ITS Surabaya)

IC-REST 2024, Hasanuddin University 3




Trustworthy Al for Indonesia's Minerals and Geothermal Resources: Grand Opportunities and Major Challenges i%'%MNE;:;AL_X S | S |_

Stanford Intelligent
Systems Laboratory

Als are everywhere

Autonomous vehicles Exploratory robots Aircraft collision
avoidance systems

e Interacting with humans more intensively and collaboratively

e Making more important, even safety-critical, decisions
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Als are everywhere

Subsurface resources

IC-REST 2024, Hasanuddin University

Geothermal energy
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The Intelligent Prospector v1.0: geoscientific model development
and prediction by sequential data acquisition planning with
application to mineral exploration
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Zambia produced ~800.000 tons of copper in 2021

World needs to increase from 20 to 30 Million tons by 2030
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Somewhere in the copperbelt
prediction uncertainty Possible truth

Uncertainty on mineable volume
Economic cut-off

0.06

® pre2014

a0 0.04 |

Kamoa Copper Project

Drilling by year - 2014 0.02
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Sequential planning under uncertainty

How many measurements and where?

IC-REST

Uncertainty on
mineable
volume
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prediction uncertainty

belief mean ) belief std

11 20 w w 1l 11 o] 0 o el
belief volumes t=0, u=172.18, 0-68.31
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Economic cut-off


https://docs.google.com/file/d/1yw5U9EFBvE9cCPQ7sSjufKLof6Wc3Twv/preview
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Planning with simulations

Autonomous cars
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http://www.youtube.com/watch?v=OopTOjnD3qY
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Als is repeatedly mentioned at the Indonesia Sustainability
Forum (ISF) 2024

ERNATIONAL

3) NESIA INT RUM
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th
Towards Sustainable and Inclusive 5ro%
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"()/ S ANABILITY FORUM

Developing Al for Safe and Efficient Geothermal
and Mineral Exploration

Presented by: Mansur M. Arief
Postdoc, Stanford Intelligent Systems Lab and MineralX

Indonesia International Sustainability Forum 2024
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| A.L Needs Copper. It Just Helped
" to. Find Millions of Tons of It.

The deposit, in-Zambia, could make billions for Silicon Valley,
- provide minerals for the energy transition and help the United

L) dlI'VWILH A _N1]]d
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This Is just the beginning...

Marco Pa

Assc

ate Pr
Stanford Uni
Dir
Vehicle Research at NVIDIA

ctor, Auto

Followers 8,61

&. Marco Pavone re.

NVIDIA DRIVE
g + Follow

Congrats to NVIDIA's Marco Pavone and Edward Schmerling and the
team at Stanford for the RSS (Robotics: Science and Systems) 2024
Outstanding Paper Award on the topic of Real-Time Anomaly ..more

NVIDIA Al
1,005,059 followers + Follow

-®

As Al is implemented in our daily lives, engaging with #robots and
autonomous vehicles safely will become more important. RSS's ,L
best paper from Stanford University and NVIDIA presents a
framework designed to improve the trustworthiness of dynamic
robotic systems under resource and time constraints

&3 https://nvda.ws/3YCiRN7

Congrats to the winners /" #RSS2024
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Congrats to my Ph.D. student James Cunningham and our
collaborators from the Air Force Research Laboratory Dr. Alex A.,
David Ferris, and Phillip Morrone for our recent IEEE journal publication
titled "A Deep Learning Game Theoretic Model for Defending Against
Large Scale Smart Grid Attacks".

A short video-summary of the paper can be viewed below and the
paper can be accessed here: https://Inkd.in/JgUA6-ZSJ. The data and
code for the model can be accessed on GitHub

here: https://Inkd.in/gu-BxVgH

#deeplearning, #mechanicalengineering, #gametheory
#reinforcementlearning

Attacker can attack n nodes
Defender can defend n nodes

# Of actions for Attacker and Defender:
n=1:118

6093

260k

118 Node Power Grid

n=10: 9.75x 10"
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This Is just the beginning...
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Source: https://books.google.com/ngrams/graph?content=generative+design%2C+Al+safety%2C+safety+validation

but, safety engineering should catch up quickly!

IC-REST 2024, Hasanuddin University 13
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My Vision: Bring airplane-level safety to Al sustainability
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Efficient inspection robots for post-mining, Geothermal exploration and operations
warehouse, and large outdoor area under uncertainty

IC-REST 2024, Hasanuddin University 14
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Wisdom from SISL’s Aviation and Robot Safety

Mykel J. Kochenderfer

Stanford University, Department of Aeronautics and Astronautics

PUBLICATIONS RESEARCH MEDIA TEXTBOOKS TEACHING FAQ VsIT CALENDAR CONTACT

Mykel Kochenderfer s Associate Professor of Aeronautics and Astronautics and Associate Professor, by cour-

tesy, of Computer Science at Stan! y. He is the director of the Stanford Intelligent Systems

Laboratory (SISL), conducting research on advanced algorithms and analytical methods for the design of ro-
bust decision making systems. Of particular interest are systems for air traffic control, unmanned aircraft, and
automated driving where decisions must be made in uncertain, dynamic environments while maintaining
safety and efficiency. Research at SISL focuses on efficient computational methods for deriving optimal deci-
sion strategies from high: ic problem ’ *

Prior to joining the faculty in 2013, he was at MIT Lincoln Laboratory where he worked on airspace modeling

ALGORITHMS FOR
Algorithms for DECISION MAKING
Optimization

ALGORITHMS FOR
VALIDATION

Mykel J. Kochenderfer and Tim A

2019 2022 Coming soon!

Key lesson: The framework is general, but data and context is local

IC-REST 2024, Hasanuddin University 15
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Collaboration opportunities

e How do we integrate airplane-level safety culture into the industry?

T g 1

////////////////////// J

Runtime monitoring and Localized data and context Risk-aware planning
rigorous validation learning

IC-REST 2024, Hasanuddin University 16



http://www.youtube.com/watch?v=XoJ2h1m9l4o&t=5
http://www.youtube.com/watch?v=rhmLQwj4mvk
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Optimized Geothermal Exploration & Operations with Al

IC-REST 2024, Hasanuddin University 17
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Geothermal landscape in Indonesia context
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[ 1,011 - 1,150 mw 0
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T 1301 - 1.430 22222223223 2RRRRRRRRARRARRAKRRKRRRRRRKRRKRRRKR
I 1431 - 1,600 MW
B Pertamina Geothermal Energy ® Chevron/Star Energy ® Geo Dipa Energi = Perusahaan Listrik Negara ® Sarulla Operations ® IPB
Source: Husin Nugraha, Researchgate Source: EnergyTracker
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https://www.researchgate.net/figure/Distribution-of-Geothermal-Possible-Reserves-in-Indonesia_fig1_318420449
https://energytracker.asia/geothermal-energy-indonesia/
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Unleashing the potential, managing the risk

Published data from 1930 0 2014 Major Human-induced Seismic Events
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2011 Oklahoma. USA | Natural gas extraction
Injection of wastewater
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Geothermal Al (POMDP model)

Reservoir
simulator

Reservoir model Well Uncertainty Decisions to
measurements make

oI
e o
ﬁ* qu, AE:%JT/:"
7 AR AN
/3 AR C/ 3

©.8. vre

* Where to place

e Well temp e Well temp wells?
e Well pressure e Well pressure ’
P P * What rate of
injection?

e Our Al model ties together Earth and energy sciences, Al/data science,

risk & safety, economics & business analysis

IC-REST 2024, Hasanuddin University 20
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Geothermal Al (POMDP model)

e \We are interested in collaborations:

o building geological models for Indonesia’s geothermal reservoirs

o lifetime learners with mining engineering, geology, geophysics, etc. with deep
knowledge, local context, and wisdom on Sulawesi’s geologies

o interests in energy transition applications (critical minerals supply chains, geothermals,

natural hydrogen, or carbon capture and storage)

e We visited institutions: ITS Industrial and Systems Engineering, ITB Mining Engineering,

Ul Industrial Engineering, and IPB BRAIN Research Group (+ hopefully Unhas, soon)

IC-REST 2024, Hasanuddin University 21
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Critical Mineral Exploration Around Us!

IC-REST 2024, Hasanuddin University 22
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Top producer countries of energy transition minerals

United States
Rare Earths

DRC

Cobalt

Brazil
Graphite

Peru
Copper

Zimbabwe

Platinum

Chile
Copper, Lithium

South Africa

Platinum

IC-REST 2024, Hasanuddin University

Mozambique
Graphite

Russia
Nickel, Cobalt,
Platinum

China
Copper, Graphite,
Rare earths, Lithium

Philippines
Nickel

Myanmar
Rare Earths

Nickel

Indonesia ]

Australia
Cobalt, Lithium
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The mines are literally in our backyard

23



Trustworthy Al for Indonesia's Minerals and Geothermal Resources: Grand Opportunities and Major Challenges i‘,?%MNEpAL_X S | S |_

Stanford Intelligent
Systems Laboratory

Cobalt mine Nickel mine
production in 2021 production in 2021

Philippines Rest of

3% the world
19% Rest of _
: ~ e Indonesia
Australia S 33% 37%

3%
Democratic

3%

Republic of th How -
epublic of the i
Russia 2 C Calecjonla
4% ongo 7% ——
% 3 7 s
71% Philippines
Argentina Russia Rest of Rl.;sm 14%
6% 3% the world 5
5%
Mozambique d

China
14%

Australia
Chile 55%
26%

Lithium mine Graphite mine
production in 2021 production in 2021
Note: Country totals do not

add up due to rounding
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The geopolitics is complex

7 m Siver Peak i
: Thacker Pass A

— Shipment Route

® Foreign Mining Sites
® Processing Plant

* Manufacturers

T T T T T
180° 120°W  60°W 0° 60°E  120°E

Alonso, Yasmine, Mansur Arief, Anthony Corso, Jef Caers, and Mykel J. Kochenderfer. "Modeling the US Path to Lithium Self Sufficiency

using POMDPs." In AGU Fall Meeting Abstracts, vol. 2023, no. 1039, pp. SY41A-1039. 2023.
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180°



Background

Li
Lithium

Demand outlook

kt APS
2 000 :

2023

1000

2010 2050 2010

® Electric vehicles © Other clean technology

NZE

2050

Other demand

Top three producers 2030

Chile~_ Australia
12% 33% Chile
15%
China “Ar :
gentina
23% 13%
Mining Refining
Mining requirements
kt
2000
NZE
1000
PP
2025 2030 2035 2040

® Expected mine supply from announced projects
Primary supply requirements (mined)
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The U.S. wants to become
self-sufficient in lithium
production

e National Security

e Sustainability

@ Bloomberg.com

US Aims to Boost Trade With Africa to Challenge China on
Key Minerals

It's unclear whether Donald Trump or Kamala Harris will triumph in the Nov. 5
presidential election, but one thing's for sure: America's...

3 days ago

o/ Council on Foreign Relations
The US Needs More than a Critical Minerals Stockpile, It
Needs Market Infrastructure

Last month, Ganfeng Lithium, China's largest lithium producer and refiner, announced
plans to establish a $1.1 billion trading desk “to...

27



e The desire for lithium self-sufficiency
infrastructure is motivated by various
factors:

* The adoption of clean energy storage
technologies

®* C(Clean energy storage technologies

* EVs

Motivations

* The volume of domestic lithium deposits
is uncertain

* Acquiring social licenses to mine
domestically is difficult

* Therefore we need to partially rely on

international mines 5



Our Research
Question

e How can the U.S. optimize its lithium supply chain to
achieve partial self-sufficiency while balancing
economic, environmental, and security goals?

29



US Domestic Mining Locations

Thacker Pass,
NV, USA

Silver Peak, NV,
USA

30



Australia Mining Locations

Pilgangoora, WA,
Australia

Greenbushes, WA, §
Australia

31



Indonesia?

Shipment Route
Foreign Mining Sites
Processing Plant
Manufacturers

T
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1 8IO° 1 2d°W 60°W 0° 60°E  120°E  180°



_ e Formulate a POMDP
e Build an optimal policy that
o Delays mining in the U.S
o Satisfies lithium at each time step
Our Z Maximizes volume mined
(@)

Minimizes CO2 emissions
Minimize cost

Approach

Actions vs Time

I
4 (Pilgangoora, AUS) @) \ 0000000000000
3 (Greenbushes, AUS) (@) ....‘...................
2 (Thackerpass, UsA) | @ .....¢............'......
\

1 (silverpeak, Usa) @

EXPLORE

Deposit Site
[Jelelele)

INVEST
DECOMMISSION/REHAB
MINE

— Time Delay Goal

1 23456 7 8 91011121314 1516 17 18 19 20 21 22 23 24 25 26 27 28 29
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e A method to formulate sequential

POMDPs decision-making problems

Kochenderfer, M. J. 2015. Decision Making Under Uncertainty: Theory and Application. MIT Press

34



Lithium POMDP Formulation

® Mining
Deposits

® Volume mined

domestically

e Volume
imported

® Alist to keep
track of where
we have or not
have mined

e How much
lithium does
each deposit
contain?

e How much
lithium we
believe each

mine to contain

MINE: update
time, increment
volumes

EXPLORE:
update time

A

encourages
time delay for
domestic
mining

maximizes

lithium volume

discourages
CO2 emissions

Fulfills annual
lithium
demand

Maximizes npv

® Mining

deposits

Volume
mined
domestically

Volume
imported

Alist to keep
track of where
we have or
not have
mined
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Results

(Random Policy)

$ Value (in Millions) Deposit Site

Thousand Metric Tons

4 (Pilgangoora, AUS)

3 (Greenbushes, AUS)

Actions vs Time
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000000000000 0000000000000000
0O0000000000000000000000000000

EXPLORE
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Results

(Greedy Policy)

$ Value (in Millions) Deposit Site

Thousand Metric Tons

4 (Pilgangoora, AUS)

3 (Greenbushes, AUS)

2 (ThackerPass, USA)

1 (SilverPeak, USA)

Actions vs Time
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Actions vs Time
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Maddie Stone

Published

Topic

Share/Republish

ICREST 2024 community’s role

The climate case for a career in mining

The clean energy transition requires minerals mining, but young workers are reluctant to join an industry
known for exploitation.

Carolyn Cole / Los Angeles Times via Getty Images

Listen to this article
Jan 31,2024 ‘l» ADAURIS Great journalism deserves to be heard

Climate + Labor

R A Mansur Arief never imagined himself working in mining. As an
artificial intelligence researcher finishing a PhD at Carnegie
Mellon University, he developed safety algorithms for self-driving

39



With Pak Rachmat Kaimuddin With Pak Anindya Bakrie With Pak Pandu Sjahrir _ With Pak Gita Wirjawan
(Kemenko Marves) (Ketua Kadin, CEO BNBR) (Ex Commissioner Bursa Efek Indonesia, CEO TBS) (Ex Ministry of Trade, Stanford Fellow)

Let’s collaborate to turn the potentials into actual benefits! »
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Summary

e Indonesia has potentials, but it needs us to take advantage of it.

e No matter how advanced the Al, to be trustworthy, it needs human-teaming

and local context.

e Think about minerals and mining in a new paradigm:

energy transition, sustainability, and community development.
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Related research and publications

https://mansurarief.qithub.io/publications/
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Thank you!

DEPARTMENTOF INDUSTRI “NGINEERING
5.

Mansur Arief
Email: mansur.arief@stanford.edu
Stanford Intelligent Systems Lab (SISL) and MineralX
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