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OVERVIEW

Regeneration - Phoenix Tailings as an illustrative example

Regeneration, or regenerative sustainability, seeks to move beyond net-zero approaches and achieve net-positive outcomes

Phoenix Tailings’ vision and work touches upon some regeneration fundamentals

= Systems thinking - Tomas’ The Hidden Costs of a Green Future is 2" & nth order thinking about our energy systems

= Designing for circularity - PT's Zero Waste Technology is the development of internal & external recycling processes, beyond industry’s status quo

= Designing for more than just techno-economics - designing for socio- and eco-logical outcomes are critical

= Net-positive - Rita’s CO2 GONE carbon-negative minerals recovery is a great example

I’'m sharing my thoughts and recent experiences with you to hopefully spark a conversation, and we can see if there are
other opportunities for collaboration

= | recently received my diploma for CAS1 in Designing Resilient Regenerative Systems from ETH Zurich

ETH Zurich’s Designing Resilient Regenerative Systems (DRRS) executive program from their School of Continuing
Education

= MOOQCs: free-of-cost Massively Open Online Courses on edX.org

= CASs: Certificates of Advanced Studies - semester-long virtual courses with 10-day field trips in Italy, Norway, Mallorca

= MAS: Master of Advanced Studies = CAS1 + CAS2 + CAS3 + MAS module in Zurich


https://www.youtube.com/watch?v=NsxmZApVT2Q
https://phoenixtailings.com/
https://arpa-e.energy.gov/technologies/projects/co2-gone-co2-gasification-ore-nickel-extraction

REGENERATION

= “Sustainability” in modern usage has come to mean
something like do things “100% less bad”

= 100% less bad is not good enough for repairing the
damage done to the climate, ecosystems, biodiversity,

water, society Degenerative Regenerative P
O ; ; Cultures Cultures
= - Regeneration: all of our actions must be healing for a
truly sustainable future
—
Depletion of fossil energy stocks SUSTAINABLE
DEVELOPMENT
. o Using renewable energy flows
= Mainstream... Begencriths o %M?ALS ing gy
= Beyond Sustainability: The Regenerative Business (forbes.com) Development = -
L] Davos 2024: The future of sustainable business is ™ - J/
'regeneration' (bbc.com) Z
m  To thrive businesses must set their sights on regeneration | Conventional Green Sustainable Restorative Regenerative

World Economic Forum (weforum.org)

...to academic

Sustainability is here framed as maintaining the status quo, of adding no additional harm. The journey to regeneration where we do things as nature becomes clear.

m  Regenerative Development: Going Beyond Sustainability - LM atapind from Heod 2000 S Rolnd e

Kosmos Journal

L] Regenerative sustainability. A relational model of possibilities
for the emergence of positive tipping points (tandfonline.com)

L] Regenerative—The New Sustainable? (mdpi.com)



https://www.forbes.com/sites/naviradjou/2020/10/24/beyond-sustainability-the-regenerative-business/?sh=2d9aae781ab3
https://www.bbc.com/worklife/article/20240119-davos-2024-the-future-of-sustainable-business-is-regeneration
https://www.weforum.org/agenda/2024/01/business-resilience-regeneration/
https://www.kosmosjournal.org/article/regenerative-development-going-beyond-sustainability/
https://www.tandfonline.com/doi/full/10.1080/23251042.2023.2239538
https://www.mdpi.com/2071-1050/12/13/5483

RESILIENCE

®  Resilience: a system’s capacity to maintain its
identity by adapting & changing itself

= Adaptive Wave describes the resilience process 2>

= Ship of Theseus is a good example: maintains its
identity even though all its pieces are replaced

®  Robust vs Resilient

= Seawall vs Salt Marsh

= Deep dive - Gaussian vs. Pareto models of risk: Risk,
Robustness and Resilience (youtube.com) [10 mins]

®  |nner resilience

= Think global, act local - so local that it's personal

®=  Practice adapting ourselves, not the “world out there”

= Transform ourselves to transform the world
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Luthe. T. and R. Wyss. 2015. Illustration by Fitzpatrick, H.
Robust Resilient
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Survival through rigidity

Within its limits, efficient and effective, but not
adapting.

Beyond its limits, catastrophic failure

Survival by change

Within its limits, not as efficient, but is adapting to

changing conditions.

Beyond its limits, limited failure, not catastrophic



https://link.springer.com/article/10.1007/s11625-015-0316-6
https://www.youtube.com/watch?v=2Hhu0ihG3kY

BEYOND DRRS, WHAT’S GUIDING MY PROFESSIONAL JOURNEY

Net Energy, Energy Returned on Energy Invested EROEI or EROI

Net Energy underlies all economic and technologic growth & development

Energy Budgeting [youtube, 12 mins]

The Great Simplification [youtube, 32 mins]

EROI of different fuels and the implications for society - Hall et al., Energy Policy, 2014

Standard, Point of Use, and Extended Energy Return on Energy Invested (EROI) from
Comprehensive Material Requirements of Present Global Wind, Solar, and Hydro Power
Technologies - de Castro and Capellan-Pérez, Energies, 2020

[nigo Capellan Pérez: “Net Energy Analysis: Through a Systems Lens” - resilience
[podcast, 1 hr]

Complexity, and Complex vs Complicated

Cynefin (cunevin/kuh-nev-in) — Alcheme Tech

System Dynamics & Thinking

Meadows - Systems Leverage Points — Alcheme Tech

Senge - The Learning Organization (next slide)
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Complex Complicated

* Knowable

* Cause & Effect not obvious but
can be found

* Known unknowns

* Multiple good answers

* “Plan the work — Work the plan”

Cause & Effect only discoverable
in retrospect

Unknown unknowns
Experiment to success and
failure

Collect data & info and look for

patterns to emerge >
A Good Practice
Emergent Practice

Sense = Analyze = Respond

Probe - Sense = Respond



https://www.youtube.com/watch?v=WeBtdwPpTQM
https://www.youtube.com/watch?v=-xr9rIQxwj4
https://www.sciencedirect.com/science/article/pii/S0301421513003856
https://www.mdpi.com/1996-1073/13/12/3036
https://www.resilience.org/stories/2023-07-05/inigo-capellan-perez-net-energy-analysis-through-a-systems-lens/
https://alcheme.tech/cynefin-cunevin-kuh-nev-in/
https://alcheme.tech/systems-leverage-points/

SYSTEMS, AND THE LEARNING ORGANIZATION

= The Fifth Discipline is a great example of learnings born of Systems Dynamics &
Thinking

= “Most of us at one time or another have been part of a great team, a group of
people who functioned together in an extraordinary way [...] Many say that they

DISCIPIINE

have spent much of their life looking for that experience again. What they | The \rt& I>racficc of
experienced was a learning organization. The team that became great didn’t
start off great - it learned how to produce extraordinary results.”

the Learnii@Ofganization

® |n a decade of searching, this is the best description of my first job, SustainX IPETER M’ SENGE

= Recently, I've stopped searching. Rather, I'd like to help build learning : —
organizations = The Five Disciplines

Personal Mastery
Team Learning
= Have you experienced something like this?

1
2
3. Mental Models
4. Building Shared Vision
)

Systems Thinking




ABOUT ALEX
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EDUCATION

University of
New Hampshire

* College of Engineering
and Physical Sciences

= BS Chemical Engineering,
2008

®=  Focus on clean energy

DARTMOUTH

ENGINEERING
THAYER SCHOOL

= Master of Engineering
Management (MEM), 2010

= Hybrid program: ¥ MS, %2 MBA

= Focus on entrepreneurship,
startups, and clean energy

ETH-zurich

= Program: Designing Resilient
Regenerative Systems

= Completed courses:

= (Certificate of Advanced Study
(CAS1) & MOOC1: Worldviews -
From Sustainability to
Regeneration

= MOOC2: Beyond Systems
Thinking

= Potentially on to a Masters



EXPERIENCE OVERVIEW

2 BUILDING

rLUcNCc

MALTA

Sustai

SMARTER ENERGY STORAGE

Compressed Air grid
Energy Storage

15t job out of grad
school

Intern to R&D Manager

WMVIONX
N ENERGY

Now Largo Clean Energy
Vanadium Redox Flow Battery

Consultant: Thermal
management system
modeling, and materials
compatibility design

ENVELOPE MATERIALS

Built environments retrofit
insulation via polyurethane
foam

Director of Engineering

R&D, and design and build of
chemical delivery systems

DOSTON

Ve T /AL

Carbon-free steel
production via molten oxide
electrolysis

Design engineer for
materials feeding, gas
treatment systems

A Siemens and AES Company

= Li-ion grid energy storage

=  Thermal systems

consultant

= Modelling (in Excel) and

designing liquid cooling
systems

LABS

St SADOWAY
F1 FOUNDATION

Decarbonization of different
industries via extreme
electrochemistry technologies

Consultant: Techno-Economic
analysis

“Sniff testing” of early
concepts

Thermo-electric grid

energy storage

Consultant: Coolant
corrosion chemistry
design

ALCHEME TECH

g for a Regenerative Future

My consulting company,
generally for clean energy

alcheme.tech



https://alcheme.tech/

DESIGNING RESILIENT REGENERATIVE SYSTEMS (DRRS) PROGRAM
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DESIGNING RESILIENT REGENERATIVE SYSTEMS

= ETH Zurich’s DRRS - Designing Resilient Regenerative Systems executive program from their School of Continuing
Education

= MOOCs: free-of-cost Massively Open Online Courses on edX.org
= CASs: Certificates of Advanced Studies - semester-long virtual courses with 10-day field trips in Italy, Norway, Mallorca
=  MAS: Master of Advanced Studies = CAS1 + CAS2 + CAS3 + MAS module in Zurich

= QUEST: a tool to have learning guided by an evolving set of questions and thoughts

MOOC TO MAS PATHWAYS

BEYOND SYSTEMS SYSTEMIC TRANSFORMATIVE . .
THINKING DESIGN REAL-WORLD PRACTICE Systemic design v
Opening to unlearn Deep-diving in complexity, Navigating with quantitative, Living Systems Labs . i i
and to different worldviews. non-linear dynamics, and resilience. qualitative, designerly methods exploration H‘,I'bflllel I'Ig science and dESIgﬁ '
Exploring regeneration Expanding from systems models to and practice. ’ i
- . o . Master design thesis
as a holistic concept and practice. systemic innovation, from human to .
nature-centric regeneration. Regenerative systems ~
Design for resilience “
Sustainahbility science A
Transformative praxis '
Circularity v
CAS 1
ST i Organic Emergence W

Our research - Systemic Design Labs (ethz.ch)
11

‘) Executed ) Planned


https://systemicdesignlabs.ethz.ch/drrs/
https://systemicdesignlabs.ethz.ch/our-research/
https://systemicdesignlabs.ethz.ch/our-research/

MOOC 1

Free, online MOOC# 1: Worldviews -
From Sustainability to Regeneration |

edX

Condensed syllabus:

1.1 Global crises with (local)
interventions

Resilience

Framing nested crises
Community skKills
Root causes

Call to action?

1.2 From sustainability to regeneration.

Sustainability roots
Mental models
Sustainability science

Towards regeneration

Regeneration angles

1.3 Worldviews

Introduction with Daniel Wahl

Jeremy Lent on Worldviews

Indigenous Perspectives

Eastern Philosophies and the Inner Self
Scientific literature on Worldviews

Chile fast fashion - by Delfina Van Ditmar

Agriforest systems and knowledge types -
by Jaboury Ghazoul

Maps to view the world

1.4 Reframing complexity

The other side of complexity

Complexity, Science & Systems Thinking
Reframe it!

Science and Praxis

Warm data

Al for regeneration?

Complexities of decarbonization

1.5 Design as nature

Biodiversity

Design for biodiversity

Deep ecology - connecting with nature
Nature-based design

Bio-infused relation building

Regenerative economics

1.6 Mind & Movement

Movement matters

Mind, Action and Inner Development
Flow and organic emergence
Personal regeneration

Leadership and mountaineering
metaphors

Mind, movement and bioregions

12


https://www.edx.org/learn/ethics/eth-zurich-worldviews-from-sustainability-to-regeneration

MOOC 2

Free, online MOOC# 2: Beyond Systems Thinking | edX

Condensed syllabus:

2.1 (Critical) Systems Thinking

= Systems Thinking - Birger Sevaldson

= Systems Thinking - Fritjof Capra

= Dancing with systems - Daniel Wahl & Donella Meadows
2.2 The View from Above

= The View from Above

= QUEST - Designing your Learning Journey
2.3 (Social) Networks

= Motivating (Social) Networks
= Social Network Analysis - Ulrik Brandes

= General Networks

2.4 Resilience
= Resilience - a Transformative Network Perspective - Tobias Luthe
= Resilience Thinking

= Inner Resilience - Mirjam Luthe

2.5 Circularity
= |ntroduction to Circularities
=  The Circularity Gap Report

= Circularity Examples across 8 Governance Scales

2.6 Systemic Innovation
= Framing Systemic Innovation
= |llustrations from Praxis

= Tools & Practices for Systemic Innovation

13


https://www.edx.org/learn/social-science/eth-zurich-beyond-systems-thinking

CERTIFICATE OF ADVANCED STUDY1-CAS 1

m  Certificate of Advanced Study 1 (CAS 1): From
Sustainability to Regeneration

= Deepening theory via weekly virtual speaker series

= Field trip - Ostana, Italy = Sustainability to Regeneration

= Learning Serious Game development - using board games to = Bill Reed

work through complex & difficult problems

= Worldviews
= Examples: Game of Cruxes: co-designing a game for scientists

and stakeholders, From board games to immersive urban = Jeremy Lent
imaginaries: Visualization fidelity's impact on stimulating
discussions on urban transformation

= lylaJune

= Systemic Cycles is a multiple-day bicycle tour combined = Reframing Complexity

with a regional exploration of supply chain systems. It = Nora Bateson

mainly serves two functions: _
= Daniel Wahl

- Offering a playful experience of a moving social adventure as _
alternative didactics on learning systemic design = Design as Nature

- Nudging processes of bio-regional weaving towards more Michael Shuman

circular, regional supply chain systems and ultimately
regenerative cultures

John Fullerton

. . . . Kate Raworth
= Praxis - working with the local community to move towards

regenerative practices, in part by serious gaming


https://systemicdesignlabs.ethz.ch/this-fall-first-certificate-of-advanced-studies-cas/
https://link.springer.com/content/pdf/10.1007/s11625-021-00983-2.pdf
https://www.sciencedirect.com/science/article/pii/S0198971523000662?via%3Dihub
https://www.systemic-cycles.org/

OTHER VIEWS OF REGENERATION




OTHER REGENERATION VIEWS

Biophysical capitals;, conditions and stocks, environmental gquality
+

@ ""--\ . a
: ( Regenerative
Higative TP
- pathways
+
+
Enwironmentally H!Ei‘::':;:t:“ Soclal
harmful social circles capitals,
welfare conditions
. f and stocks,
- equity and
social
Negative TP welfare
Unfair =
. Degenerative Hoswteq\s'
Q4 vicious circles conservation Q3
- +

Figure 2. Moving towards regenerative development pathways depends on the extent to which human-systems interactions
contribute to improving and restoring both social and biophysical capitals at the same time (Q1). In quadrants 02 and Q3 sodial-
ecological systems are instable and tend to move toward negative development pathways or negative basins of attraction,
eventually leading to degenerative viclous dircles of development (G4). In Q4 not enly future opportunities for human welfare,
dignity and equity are reduced, but also the basic conditions that make life possible on Earth are undermined. Achieving a net-
positive tipping point leading towards O1 requires deap transformations in social-environmental practices at different levels of
agency and also in the ways humans conceive and perform all SEIC subsystems’ interactions.

Regenerative sustainability. A relational model of
possibilities for the emergence of positive tipping points
(tandfonline.com)

An Ecology
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Technical Systém Design ~ “"

’ -
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https://www.tandfonline.com/doi/full/10.1080/23251042.2023.2239538

OTHER REGENERATION VIEWS

THE REGENERATIVE DESIGN

FRAMEWORK REGENERATING SYSTEM Regenerative
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https://www.filmsforaction.org/articles/the-regenerative-design-revolution/

