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• Take reasonable steps to safeguard 
health and safety

• Have regard to effects on 
environment

• Report adverse consequences
• Act competently
• Behave appropriately
• Inform others of consequences of 

not following advice
• Maintain confidentiality
• Report breach of Code
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Engineering New Zealand TSS
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Sustainable development

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

• 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

Meadows et al., 1972
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Green Growth vs. Degrowth

United Nations Environment Programme, 2011
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Green Growth vs. Degrowth

Network for Business Sustainability, 2022
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Green Growth and Degrowth

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
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Concepts of a ‘system’

• A system is regarded as a “whole” consisting of interacting “parts”
– Bertalanaffy, 1950, 1968
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Concepts of a ‘system’: SE perspective

• A set 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)
• Procedures (e.g., operator instructions)
• Information (or knowledge)
• Techniques
• Facilities
• Services
• Other support elements

– INCOSE
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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
– A line 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
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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:

– 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
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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



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

Concepts of a ‘system’: SoS example
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In summary
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Why a systems engineering approach?
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Generic business life cycle
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Different life cycles in business processes

• Project life cycles – drivers of change

• Asset life cycles – optimise operations in value chains

• Product life cycles – profit generation of operations
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Looking at examples

• 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
https://www.planete-energies.com/en/media/photo-gallery/life-cycle-assessment-lca-cellphone
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The case of coltan

• https://investingnews.com/daily/resource-investing/critical-metals-
investing/tantalum-investing/coltan-facts/ 

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

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

https://journals.plos.org/ploscompbiol/article?id=10.1371/journal.pcbi.1009324
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AI current in use / may be used in the future

• Should we be worried?

• What should we be worried about?
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AI current in use / may be used in the future

• Should we be worried?

• What should we be worried about?
– About 10% of the world’s energy
– About 4% of Australia’s total energy
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Blockchain has similar issues

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

https://digiconomist.net/bitcoin-energy-consumption
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As does all social media platforms etc.

• https://carbonliteracy.com/the-carbon-cost-of-social-media
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The Internet has become a huge challenge

• https://www.maddyness.com/uk/2020/03/09/the-internets-dirty-carbon-secret/ 

https://www.maddyness.com/uk/2020/03/09/the-internets-dirty-carbon-secret/
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The case of renewable energy

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

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

• IEA, 2021. The role of critical minerals in clean energy transitions.
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Mining implications

• “The world just doesn’t get it. It doesn’t 
understand that a massive copper deficit 
is coming” 

• “The world will stop without the 
additional copper supply. But the price of 
copper is not expecting it.”
– Glencore CEO Gary Nagle.
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Mining implications

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

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

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

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

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

– Scalability
– High energy consumption
– Regulatory challenges
– Interoperability
– Cybersecurity risks
– Human element

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

• https://www.sydney.edu.au/news-opinion/news/2023/09/13/australia-faces-solar-
waste-crisis.html 

https://www.sydney.edu.au/news-opinion/news/2023/09/13/australia-faces-solar-waste-crisis.html
https://www.sydney.edu.au/news-opinion/news/2023/09/13/australia-faces-solar-waste-crisis.html
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Downstream implications

• IEA, 2021. The role of critical minerals in clean energy transitions.



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

Global E-waste Monitor 2020

• https://ewastemonitor.info/gem-2020/ 
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End-of-life interventions

• Distinct aspect of circular 
economy strategies are being 
analysed
– Not comprehensive to the 

clean energy transition

• Recycling will be crucial for 
future resource availability
– A long-term strategy
– Connected economies needed
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Life-cycle thinking approach

• https://lcanz.org.nz/lca-guidance/lca-intro/ 

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

