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* Take reasonable steps to safeguard
health and safety

* Have regard to effects on (Q
environment e e s B ey B e TR e TR e R nce T

* Report adverse consequences
 Act competently

 Behave appropriately

* Inform others of consequences of  FeYe | Ne) A mg¥| o).\ &
not following advice CONDUCT

 Maintain confidentiality
* Report breach of Code
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THE SUSTAINABILITY
SOCIETY

The Sustainability Society (TSS) is an national
network established to foster sustainability within
the built environment. They have a complex
systems approach to sustainability, recognising
that human and natural systems are
interconnected and interdependent. Formed in
20083, TSS is a technical group of Engineering New
Zealand.
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Sustainable development

Nature

 Most often defined as meeting the needs of the
present without compromising the ability of future
generations to meet theirs.

Society

l‘ Technology "
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* It has three main pillars: economic, environmental,
and social.
— Or people, planet and profits.

* SDGs is now our lens/framework for considering
the way forward:
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Sustainable Development Goals
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Principles to achieve sustainable development

* Ensuring a strong, healthy and just society.
* Promoting good governance.

* Achieving a sustainable economy.

* Using sound science responsibly.

* Living within environmental limits.
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Green Growth vs. Degrowth
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Green Growth vs. Degrowth

Human well-being

Economic activity (GDP)

_—1
\| Resource decoupling

Resource use
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Impact decoupling

Time

Environmental impact

United Nations Environment Programme, 2011
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Green Growth vs. Degrowth

Size of the economy (cet.par.)
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Post-growth

Network for Business Sustainability, 2022
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Green Growth and Degrowth
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Network for Business Sustainability, 2022
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Six principles for professional engineers

Contribute to building a sustainable society, present and future.

* Apply professional and responsible judgement and take a leadership role.

* Do more than just comply with legislation and codes.

* Use resources efficiently and effectively.

* Seek multiple views to solve sustainability challenges.

Manage risk to minimise adverse impact to people or the environment.
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Need a systems perspective

Events

J

System

Technology Behaviour

Technology
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Concepts of a ‘system’

« Asystemis regarded as a “whole” consisting of interacting “parts”
— Bertalanaffy, 1950, 1968

System

Technology Behaviour

CAPITAL THINKING. VICTORIA UNIVERSITY OF

GLOBALLY MIN DED http://www.wgtn.ac.nz/sustainable-energy-systems vév W E L L I N GTO N

MAI I TE IHO KI TE PAE

TE HERENGA WAKA



Concepts of a ‘system’: SE perspective

 Aset of detailed methods, procedures and routines created to carry out a specific
activity, perform a duty, or solve a problem

* An organized, purposeful structure that consists of interrelated and interdependent
elements (components, entities, factors, members, parts etc.)

 These elements continually influence one another (directly or indirectly) to
maintain their activity and the existence of the system, in order to achieve the goal
of the system
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Concepts of a ‘system’: Elements of a system

* Products (hardware, software, firmware)
* Processes (e.g., technical review process)

 People (e.g. operators & maintainers) N
INSEOSE

SYSTEMS ENGINEERING HANDBOOK

A GUIDE FOR SYSTEM LIFE CYCLE PROCESSES AND ACTIVITIES

* Procedures (e.g., operator instructions)
* Information (or knowledge)
 Techniques

* Facilities

* Services

 Other support elements
— INCOSE

FOURTH EDITION
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Concepts of a ‘system’: Views of a system

* There are internal and external views of a system:

— External view

 What does not belong to the system, but does interact with the system (e.g., the operating
environment or context) and can include the users (or operators)

— Internal view
 What belongs to the system
* The views of a system give rise to the concept of a system boundary
— Aline of demarcation between the system itself and its greater context
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Concepts of a ‘system’: Functionality of a system

 Expressed in terms of the interactions of the system with its operating environment

* This leads to the concept of:

— System architecture

* The fundamental concepts or properties of a system in its environment embodied in its elements,
relationships, and in the principles of its design and evolution
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Concepts of a ‘system’: Functionality of a system

 Expressed in terms of the interactions of the system with its operating environment

* This leads to the concept of:
— Engineering

* The practice of creating and sustaining services, systems, devices, machines, structures, processes,
and products to improve the quality of life

— Getting things done efficiently and effectively
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Concepts of a ‘system’: Functionality of a system

 Expressed in terms of the interactions of the system with its operating environment

* This leads to the concept of:

— Attribute
* An observable characteristic of a system (or element)

— Variable
* A symbol or name that identifies an attribute

CAPITAL THINKING. VICTORIA UNIVERSITY OF
GLOBALLY MINDED. http://www.wgtn.ac.nz/sustainable-energy-systems vév WELLINGTON

MAI I TE IHO KI TE PAE

TE HERENGA WAKA



Concepts of a ‘system’: Functionality of a system

 Expressed in terms of the interactions of the system with its operating environment
* This leads to the concept of:

— Measurement

 The outcome of a process in which the system of interest (SOI) interacts with an observation system
under specified conditions
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Concepts of a ‘system’: System Of Interest (SOI)

 “The system of systems whose life cycle is under consideration described by all
dimensions that contribute to the resultant emergent behaviour”

— Complicated vs. Complex /EN
equire [ Functions ]
Component
Systems \‘Q\—S/[ Interactions ]

determines nne
influences availablflity of

determine
[ Lifecycle
detehmnines

[ Classification ] System Owners
and Operations
e
influences vfﬁne
[ Variability ]

Concept of
Operation/Use/
Employment

detefmine

Nature of
Relationships
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Concepts of a ‘system’: Functionality of a system

 Expressed in terms of the interactions of the system with its operating environment

* This leads to the concept of:
— Dynamic behaviour
* The time evolution of the system state

— Emergent behaviour

* Behaviour that can’t be understood exclusively in terms of the behaviour of the individual system
elements
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Concepts of a ‘system’: SoS example

Transport
system

Air transport system

Maritime
transport
system
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In summary

Systems tend to...

Systems of systems tend to...

Have a clear set of stakeholders

Have multiple levels of stakeholders with mixed
and possibly competing interests

Have clear objectives and purpose

Have a clear management structure and clear
accountabilities

Have multiple, and possibly contradictory,
objectives and purpose

Have disparate management structure with no
clear accountability

Have clear operational priorities, with escalation
to resolve priorities

Have a single lifecycle

Have multiple, and sometimes different,
operational priorities with no clear escalation
routes

Have multiple lifecycles with elements being
implemented asynchronously

Have clear ownership with the ability to move
resources between elements
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Have multiple owners making individual
resourcing decisions
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Why a systems engineering approach?

— 95%

Q 100% Committed costs
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Generic business life cycle NG

Concept &> Production > Utilization = Retirement
f A
Support
Concept
Development Didecit ..
Production ;
Accumulated $ / Return on investment
Utilization
e~ Investments >
Revenues
| | | | | S
I | |/ Break even | |
10 |-5 5 10 15 20  Years

Not drawn to scale
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Generic life cycle (ISO/IEC/IEEE 15288:2015)

) Utilization stage )
C Development Production Retirement
oncept stage
stage stage stage
Support stage
Typical high-tech commercial systems integrator
Study period Implementation period Operations period
User .
requirements di%ﬁ?gg:} spesc)i(fsifzinti R [?rzg Egllg:cte Development | Verification | Deployment Og:ﬁ?&';acgd Deactivation
deéil:g;on phase phase phase| phase phase phase phase phase phase
Typical high-tech commercial manufacturer
Study period Implementation period Operations period
Product Product Product Engr. Internal External Full-scale |Manufacturing, Deickhvition
requirements | definition development model test test production sales, and s
phase phase phase phase phase phase phase support phase p
US Department of Defense (DoD)
A \B/ 10C FOC
Pre—sy'stems acquisition ' S).Istems acquisition et
Tech Materiel T Engineering and : :
opport solution o meg:r)l,t manufacturing Production and Operations and support
resources analysis P development deployment (including disposal)
National Aeronautics and Space Administration (NASA)
Formulation Approval Implementation
Phase A: Phase B: M Phase C: Phase D: Phase E:
R e AL t & technol liminary design & || final design & t bl tions & Shasos
Feasible concept = Top-level architecture = Functional baseline = bA;sIgﬁ:::d —> Eb’::ggll:gte —_— As deployed baseline
US Department of Energy (DoE)
Project planning period Project execution Mission
Pre-project Preconceptual | Conceptual (Prelimmary) Fimal |6 orvegion Acceptance Operations
planning design design | design
Typical / / / / / y
decision New initiative Concept Development Production Operational Deactivation

gates approval approval approval approval approval approval



Different life cycles in business processes

* Project life cycles — drivers of change

Feasibility ) Development ) Executing & )\

testing

* Asset life cycles — optimise operations in value chains

Detailed | Operation &
design Maintenance

* Product life cycles — profit generation of operations

Pre- | Operation & Product Product
manufacture manufacture usage disposal
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International Journal of Project Management chb.
A

&l Volume 23, Issue 2, February 2005, Pages 159-168

Pre-
feasibility

Sustainable Project Life Cycle Management:
the need to integrate life cycles in the
manufacturing sector

Carin Labuschagne °, Alan C. Brent ° L=

Asset
life cycle

Detailed

Operation &
Maintenance

Product
usage

Product
disposal
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Looking at examples

 https://www.planete-energies.com/en/media/photo-gallery/life-cycle-assessment-
lca-cellphone

Life cycle assessment (LCA)

SMARTPHONES
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https://www.planete-energies.com/en/media/photo-gallery/life-cycle-assessment-lca-cellphone
https://www.planete-energies.com/en/media/photo-gallery/life-cycle-assessment-lca-cellphone

The case of coltan

 https://investingnews.com/daily/resource-investing/critical-metals-
investing /tantalum-investing/coltan-facts/
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https://investingnews.com/daily/resource-investing/critical-metals-investing/tantalum-investing/coltan-facts/
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The case of computing

e https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1009324

Ten simple rules to make your computing more
environmentally sustainable

Loic Lannelongue, Jason Grealey, Alex Bateman [&], Michael Inouye
600 - Published: September 20, 2021 e https://doi.org/10.1371/journal.pcbi.1009324
Bwm . Worldaverage: 4759C0O2e/kWh
400
0

T

Carbon Intensity (gCO2e/kWh)

N
o
o

China I
Greece I———

| IIIIIIIIII---
ITTIC DTS BG CE 8T > I8 80 PE >SS NCTEXESEXESEDPREETRYS2THT
Eec2P8R5250: -Qo.\-mxLC';E}g°mﬁmﬁ'a';%Zﬁo‘“g’gg‘“.gﬁgjmﬁmmgc-cwim
=500 LSS 7] 3ol =500p308 s ©¢c T o082 Eo S S = c SO0t S5
<29pnp 50 > = aSX T2 eSS ESE [ S0 EIXDELE 3V 29230 o958
c3a®g<Lh O @ EFEGF=2FEof = 8567 GCGE5360 FROEETLTIJZ e wLEpSo
ERS 23 14 F <" @oncd 32 cIocn J0nE§ N o N
=]
/<3 - < 5B a® w - 3 2 2
@ n 3 o Z o c Qo 3 2 2
N 2 < S <
S o ° A S
%] 2 S
o S @
2 D
c
)

CAPITAL THINKI 5 VICTORIA UNIVERSITY OF
GLOBALLY MIN " http://www.wgtn.ac.nz/sustainable-energy-systems vév WELLI NGTON

MAI I TE IHO KI TE PAE ' v TE HERENGA WAKA



https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1009324

Al current in use / may be used in the future

e Should we be worried? ECW N%LRIC
FORUM

_ Reimagining Regulation
* What should we be worried about? IV IEW.Yr-¥e #:\E

New Zealand Pilot Project

WHITE PAPER
JUNE 2020
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Al current in use / may be used in the future

e Should we be worried?

du I'ECOI'I Expertise Projects Insights About Careers Blog Podcast

e What should we be worried about?
— About 10% of the world’s energy
— About 4% of Australia’s total energy

Data centres — the
world’s greatest energy
guzzlers
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Blockchain has similar issues

 https://digiconomist.net/bitcoin-energy-consumption

Bitcoin Energy Consumption Index

The Bitcoin Energy Consumption Index provides the latest estimate of the total energy consumption of the Bitcoin network.
NEW RESEARCH: “Bitcoi wing wate tprint” (November 2023); A single Bitcoin transaction could cost as much water as a backyard

swimming pool.

Bitcoin Energy Consumption
Click and drag in the plot area to zoom in
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https://digiconomist.net/bitcoin-energy-consumption

As does all social media platforms etc.

* https://carbonliteracy.com/the-carbon-cost-of-social-media

Platform gCO2 per minute
YouTube 0.46
Twitch 0.55
Twitter 0.60
LinkedIn 0.71
Facebook 0.79
Snapchat 0.87
Instagram 1.05
Pinterest 1.30
Reddit 2.48
TikTok 2.63

Source: Greenspector
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The Internet has become a huge challenge

e https://www.maddyness.com/uk/2020/03/09/the-internets-dirty-carbon-secret/
The internet’s dirty carbon secret

We all know that using one-use products such as plastic bottles, coffee cups and
plastic bags contribute to the release of greenhouse gases and have dire
consequences on the environment but what do we know how our internet use is
damaging our planet?

Although it’s widely understood how electricity plays a huge role in the climate catastrophe, many
are unaware of just how much their individual internet use contributes to this. Truthis, there is a
huge amount of CO2 emissions generated through our internet use and the devices that we own
are constantly on! Meaning that the CO2 emissions emitted from them never stop or have a break.
A study by the Boston Consulting Group found that combining all of the world’s smartphones,
laptops, desktops and devices emits around one billion tonnes of greenhouse gases a year which
works out as 2% of the world’s total emissions.

@ooogmnz

[1L{§ REPORT AN ERROR

e DOWNLOAD PDF | EXPORT
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https://www.maddyness.com/uk/2020/03/09/the-internets-dirty-carbon-secret/

The case of renewable energy

 https://www.mackinac.org/the-ethical-concerns-surrounding-solar-energy

There Are Ethical Concerns
Surrounding Solar Energy

A growing human rights problem is being
ignored
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Upstream implications

 Watari et al., 2019. Total material requirement for the global energy transition to

2050.
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Shift in supply chains

 |EA, 2021. The role of critical minerals in cIean energy transitions.
R o
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Mining implications

| | Forbes
e “The world just doesn’t get it. It doesn’t

understand that a massive copper deficit
is coming”

FORBES > BUSINESS > ENERGY

* “The world will stop without the Quarterly Warnlng On.
additional copper supply. But the price of Copper Before It Derails
copper is not expecting it.” The Energy Transition

- Glencore CEO Gary Nagle' Mark Le Dain Contributor ®
7\7/11(’1 ](zl::’:’:l)ﬂ]uzlrz;zlrzil(zl I cover finance, energy, and m
N E o Oct 20, 2023, 05:49pm EDT

@ Listen to article 3 minutes
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Mining implications

 https://www.popularmechanics.com/science/environment/a44630329/deep-sea-

OEEP SER MINING
IS A NERATH

mining/

[1.S.1] LICENCE

eeeeeeeeeeeeeeeee

Deep-Sea Mining l:nuld Yield a Nearly Limitless
Supply of Rare Metals. Is It Worth the Cost?

New regulations for drilling into the seabed could come any day now, following two years of infighting between an international

regulatory body, drilling companies, and scientists.
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Mining implications
* https://eos.org/features/the-2-year-countdown-to-deep-sea-mining

 Clarion-Clipperton Zone (CCZ)
— 5,000 kilometre stretch of seafloor
— 4,000 to 5,500 metres deep

The 2-Year Countdown to Deep- Sea Mi nlng = el S
A small island nation is forcing the hand of international regulators to finalize rules for deep-sea mining, but scientists say the =y i?; : ‘ ) ¢ <

environmental consequences are not yet clear.

By Jenessa Duncombe 24 January 2022
Black, potato-sized polymetallic nodules scattered on the seafloor are drawing prospectors for their cobalt, nickel, copper, and manganese. Credit:

2019 Southeastern U.S. Deep-sea Exploration/Office of Ocean Exploration and Research/NOAA
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Required interventions

 https://www.linkedin.com/pulse/complexities-clean-energy-demand-how-supply-
chain-transparency/

Greater transparency on projects, the materials they source, their domestic
content, and continuous monitoring of their impacts on local environments and

communities can unlock investments and regulatory approvals. A virtuous cycle

g —

“Ii ”/lltn N

p = = i can form, in which more responsibly and sustainably produced clean energy is

3026“]9“3'[ 2023 - e powering more clean energy manufacturing and clean energy capacity with

unquestionable proof of an overall positive impact. An unambiguous license to

operate through traceability, coupled with investment and policy, can remove

CompIeXItles of clean energy obstacles to fully unleash the energy transition and ensure it delivers on its
demand and how supply chain promises.

transparency responds to
potential barriers
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Required interventions

 https://www.financemagnates.com/cryptocurrency/innovation/the-future-of-
energy-supply-chains-blockchain-enabled-smart-grids-and-microgrids/#

FMHome > CryptoCurrency > Innovation
> The Future of Energy Supply Chains: Blockchain-Enabled Smart Grids and Microgrids

The Future of Energy Supply Chains: Blockchain-Enabled Smart Grids
and Microgrids

Friday, 14/04/2023 | 17:30 GMT by FM Contributors

What will Blockchain Tech's role be in Energy Supply Chains?
— Scalability

— High energy consumption
— Regulatory challenges

— Interoperability

— Cybersecurity risks

— Human element
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Downstream implications

e https://www.sydney.edu.au/news-opinion/news/2023/09/13/australia-faces-solar-

waste-crisis.html
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Australia faces solar waste crisis

13 September 2023
Research addresses the legal gap

Australia is world leading in its uptake of residential rooftop

solar, installing new solar panels at ten times the global average SYd ney Law

School
Research

rate. This means, on a per capita basis, the solar waste problem
facing Australia is far greater than that experienced in any other

country. New research from the Sydney Law School aims to re-
Discover

._>

orientate renewable energy laws.

Australia is now facing a solar waste
crisis.

The International Renewable Energy Sa”y Quinn
Agency, the International Energy
Agency and the Australian
Government have all identified the
issue of solar waste. In her June 2021
National Press Club address the (now
previous) federal Environment Minister
Sussan Ley described the problem

Media and PR Adviser (Sydney Law
School)

Mobile
+438 038 288

Email

sally.quinn@sydney.edu.au
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Downstream implications

 |EA, 2021. The role of critical minerals in clean energy transitions.

Amount of spent batteries Recycled and reused volume
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N = Energy storage = Cobalt
1200
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Electric trucks -
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m Electric buses
()
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600 Electric two- and 600 6%
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300 m Electric cars 300 39, (right axis)
— O |
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Global E-waste Monitor 2020

* https: //ewastemonltorlnfo/gem 2020/
. \ y ‘\': ?

- \
>
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End-of-life interventions

e Distinct aspect of circular
economy strategies are being
analysed

— Not comprehensive to the
clean energy transition

* Recycling will be crucial for
future resource availability

— Along-term strategy
— Connected economies needed
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THE B.1.G. SOLUTION FOR EV BATTERIES

The Battery Industry Group (B.l.G.) is creating a circular product stewardship scheme for large

lithium-ion batteries when they reach their end of life.

The Battery Industry Group (B.l.G.) is creating a circular product stewardship scheme for large

http://www.wgtn.ac.nz/sustainable-energy-systems

lithium-ion batteries when they reach their end of life.
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Life-cycle thinking approach

e https://lcanz.org.nz/lca-guidance/Ica-intro/

. STEPS INALIFE CYCLE ASSESSMENT
RAW RESOURCE EXTRACTION
LCA N Z DISPOSAL 3 .

Life Cycle Association of New Zealand . /’ -\ g;"!'ﬁ_!’-_‘-;’r MANUFACTURING

|
o o ®
3 PROCESSING
USE 0' ‘ ‘ s AND PACKAGING
)
DISTRIBUTION ﬂ
2A
o\ BANKOFCANADAMUSEUM.CA/LEARN @ O @ esocmusey M
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