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If all 4 themes are achieved, the renewable energy supply chain could 
be regenerative. This represents the ideal state of the supply chain:

To summarize, we started by looking at the challenges of the supply 
chain as well as why those challenges are entrenched:

Finally, this is what we learned:

These were our research limitations:
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Insight 1

Communities & human capital need to be 
centred by supply chains to 
ensuredistributional fairness in the energy 
transition.

Insight 2

Truly regenerative supply chains will need 
to undergo multiple iterations of systems 
reset through ongoing learning and 
collaboration.

Insight 3

Actors with control over multiple sections 
of the supply chain must use economic & 
policy incentives to create regenerative 
practices.

Insight 4

Global inequities in renewable energy 
supply chains must be addressed with 
knowledge and resource sharing to ensure 
equitable and consistent standards.
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RENEWABLE ENERGY DEVELOPMENT IS PART OF A BIGGER PICTURE.

This is the overall challenge landscape:

Externalities

Cultural & Mental 
Divides

1.

Knowledge & 
Skills Gaps

Policy & 
Resource 
Shortfalls

Perpetuate Each Other

Diminish the Possibility for 
Implementation of Each Other

Create No Apparent Need for Change & 
a Lack of Capability for It

2.3.

4.

These are the challenges in detail:

Key solution themes that need to be 
addressed to achieve a regenerative 
renewables supply chain

These are the levers of change and 
stakeholders that are best 
positioned to bridge the gaps

These are some current attempted 
solutions

Theme 4
Achieving Geographic 

Harmonization

Community support of mining and 
energy companies through 
bene�ts-sharing agreements (e.g. 
employment opportunities, 
Intergovernmental Forum on Mining, 
Minerals, Metals and Sustainable 
Development's local minerals 
content policies)

Corporate initiatives to address 
health inequities (e.g. International 
Council on Mining & Metals' 
Community Health Programs)

Financing for local renewable energy 
supplies procurement (e.g. European 
Battery Alliance)

Theme 3
Building Human Capital

Government-funded on the job 
training (e.g. EcoCanada wage 
subsidy program)

Quali�cation of skill demands (e.g. 
France’s National Observatory for 
Jobs of the Green Economy)

Theme 2
Coordinating Design & 

Development

New recycling technologies for 
composites and complex materials 
(e.g. Vesta's Zero Waste Wind 
Turbines by 2040)

Circular economy practices and 
extended producer responsibility for 
clean energy (e.g. Europe’s Waste 
Electrical & Electronic Equipment 
Directive)

Theme 1
Enhancing Supply Chain 

Transparency

Smelter auditing programs (e.g. 
Con�ict-Free Sourcing Initiative by 
the Electronic Industry Citizenship 
Coalition)

Global reporting standardization 
(e.g. OECD's Due Diligence Guidance 
for Responsible Supply Chains of 
Minerals from Con�ict-A�ected and 
High-Risk Areas)

Seeking true buy-in (e.g. free, prior, 
and informed consent) from 
communities rather than negotiated 
acquiescence

Indigenous Communities

Upstream recognition and 
conciliatory programs for addressing 
health inequities across the supply 
chain

NGOs

Financing renewables and energy 
e�ciency in emerging economies

Multilateral Banks

Coordinated e�orts among countries 
to source and share critical minerals

National & Sub-national Governments

Financing and capacity building for 
community-led clean energy projects

Investors

Policies for targeting 
underrepresented groups (women 
and BIPOC) in the energy sector

Labour Unions

Targeted resources and partnerships 
by governments and corporations to 
increase access to jobs for future 
energy workers

Training and Education Providers

Policies to improve international 
cooperation (e.g. border adjustment 
subsidies)

Intergovernmental Organizations

Open innovation ecosystems 
between disparate supply chain 
members (e.g. industrial hubs, 
business incubators)

Investors

Auditing and certi�cation practices 
via technology and networks

Renewable Energy Companies

Harmonized international 
standardization

Intergovernmental Organizations

Mining Waste is Hidden

Hidden waste �ows

Indirect �ows

Direct �ows

Mining-related determinants of disease include occupational, environmental, human and social factors.

Negative social determinants of health

Disposal
The status-quo; the least-preferred option

Reduction
Lack of economic incentives through tragedy of the commons

Reuse
Lack of technological systems & supporting data

Repurposing
Lack of product lifecycle & producer responsibility

Recycling
Lack of waste management infrastructure

Reclamation
Lack of cross-industry coordination &

 international governance

End of life mismanagement

Data Gaps for Auditing & Veri�cation

Easy but ine�ective Di�cult but e�ective

Use legislated standards to guide 
responsible sourcing of minerals 

but turn a blind eye to 
implementation

Trust a smelter when they 
claim minerals procurement 
adheres to ethical standards

Verify that smelter is adhering to 
standards through an in-person 

auditor program

Create ongoing relationships between 
auditors, mining companies and 

communities to encourage 
improved standards

State crumbles & succumbs 
to rule by non-state actors & 

militias

More people end up working 
in bad conditions for militia 

groups

More illegal mining ensues

People have to �nancially 
support themselves however 

they can

Lack of Transparency Around Sources of Minerals Economy Versus the Environment 
Kuznets Curve

When we look into the history of industrialization, a "regenerative economy" is 
perceived as an oxymoron.
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Geopolitics of Critical Minerals
Energy-related demand for critical minerals tenses global geopolitics

Uncoordinated International Policies

Unwillingness of countries to 
cooperate on seemingly less 

important issues

No one wants to be the �rst actor 
because of high costs of early stage 

innovation

Vested interests of countries to want 
to promote their own industries 

internationally

Technology Development

Impact: Medium
Relatively mature tech

Capital Availability: High
Venture Capital

Manufacturing

Impact: Very Low
Supply waiting for projects

Capital Availability: High
China Development Bank

Operation

Impact: Low
Cash �ow assets

Capital Availability: High
Sovereign, PE, Pension, IPP

Construction

Impact: Very Low
Ample supply, low margins

Capital Availability: High
Commercial banks

Project Development

Impact: High

Advancement bottleneck

Capital Availability: Very Low

Small, complicated investments

Capital Requirements

Skills Gap

Leading to a persistent divide between possible change agents 
and opportunities for skill development in the clean energy sector

Lack of skilled change agents

No empowerment from es-
tablished professionals

No opportunities to build 
skills

No venues to unite with 
each otherLack of energy education No understanding of the 

value of youth
No resources devoted to 

youth energy leaders

Entrants into the energy sector have... Established actors in the energy system have...

Little space for skilled youth in energy sector

Design stage

Lack of research & development for more 
e�cient & less resource-intensive technologies

Fabrication stage

Lack of technologies for reducing indirect & 
hidden materials during metal re�ning & parts 
manufacturing

Use stage

Not enough adequately trained professionals

End of life stage

Not enough tools and processes to be able to 
reduce, reuse, recycle & appropriately dispose 
of waste

Knowledge Gaps

Environmental activists are more connected and organized than ever before, 
making it more di�cult for new mining or energy projects to get approval 

without thorough and all-inclusive consultation.

Social license to operate is eroding

Creating awareness 
& shared purpose

Managing SLO 
across scales

Responses to community 
concerns

Procedural & 
distributional fairness

Communication & 
engagement

Relationships

Monitoring & 
evaluation

Monitoring & 
evaluation

Trust

Cultural & Mental 
Divides

1.

Deep structures that make it di�cult to 
incentivize the renewables transition

Policy & Resource 
Shortfalls

2.

These are disconnections between present 
and necessary legislation and �nancing

Knowledge & 
Skill Gaps

3.

Why humanity isn't yet where it needs to be 
on data, research, and workforce ability

Externalities
4.

Externalities are the true costs on 
communities and the environment beyond 

the supply chain

Insight 1

Communities & human capital need to be 
centred by supply chains to 
ensuredistributional fairness in the energy 
transition.

Insight 2

Truly regenerative supply chains will need 
to undergo multiple iterations of systems 
reset through ongoing learning and 
collaboration.

Insight 3

Actors with control over multiple sections 
of the supply chain must use economic & 
policy incentives to create regenerative 
practices.

Insight 4

Global inequities in renewable energy 
supply chains must be addressed with 
knowledge and resource sharing to ensure 
equitable and consistent standards.

Events

Bottlenecks in materials, skills & logistics required for 
renewable energy projects

e.g. Only 20% of forecasted 2050 solar panel needs 
can be met

Rare earth mineral mining projects often marginalize 
communities and feed into regional con�icts 
e.g. Human rights violations in the Democratic 
Republic of the Congo

Frequent stakeholder distribution & siting schisms 
which lead to environmental inaction or degradation

Patterns of behaviour

Lack of understanding of the value of recycled waste 
from renewable energy (especially rare earth 
minerals) because technologies for separating 
compound materials are in their infancy

Educational institutions continue to show shortfalls in 
training & preparation for future clean energy needs

System structures

Stakeholders are disparate in geography, sector, and 
policy. Lack of coordination perpetuates the tragedy 
of the commons.

Most renewables are too technologically novel to 
have proper doctrine regarding their waste 
management.
e.g. Despite some of the highest projections for wind 
power, China has no end-of-life procedures for wind 
turbines

Little market-based accountability outside of carbon 
pricing at local, subnational, national & international 
levels

Mental models

Renewable energy companies are given a free pass 
on environmental & social issues because they are 
more climate-friendly, whereas upstream mining 
con�icts, upstream skills gaps and downstream 
end-of-life waste are ignored in public discourse.

Youth-led environmental advocate movements and 
other marginalized voices are told they are 
demanding too much & being given carbon targets 
as the only answer to their demands

Governments & industry are in a rush to build more 
renewable energy projects to achieve ambitious 
climate goals, assuming that the free market will 
provide the required raw minerals, capital and skilled 
workforce

Our decision to focus on the top three renewable 
technologies by forecasted power use (wind, solar, 
and batteries) was driven by time and research 
expertise constraints.

More work must be done to understand perspectives 
of local communities a�ected �rsthand by the 
renewables supply chain.

Renewable energy supply chain interventions are 
greatly a�ected by black swans in global geopolitics 
and technological change, making it di�cult to make 
robust recommendations.

Green is not enough.
Under the terms of the 2015 Paris Agreement, participating parties are seeking to limit global average temperatures. Achieving 
this goal will require countries to drastically and immediately reduce greenhouse gas emissions. This global transition is 
estimated to put immense pressure on the development of new renewable energy projects and electric vehicles.

Despite common beliefs, the renewable energy sector causes numerous social and environmental problems...
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Why can't the emerging renewable energy sector implement 
regenerative practices throughout its global supply chain?

The renewable energy supply chain is struggling with regenerative 
and circular practices because of two interconnected cycles:

The definition of sustainability has changed over time. Regenerative sustainability is the new model we need for the sector.

The renewables' supply chain and all the stakeholders 
affecting or affected by the chain

Conventional sustainability (pre-1999)

"Humans should conserve environmental resources 
solely for the needs of future human generations"

Contemporary sustainability (post-1999)

"When using resources, humans should consider 
present and future human wellbeing as well as the 

needs of the biosphere"

Regenerative sustainability (future)

Regenerative sustainability is a philosophy that 
aims for healthy socio-ecological systems where all 

forms of wellbeing improve iteratively.

Source: “Regenerative—The New Sustainable?” by Leah V. Gibbons PhD

Secrecy & suppression of 
environmental & human 

externalities

Externalities perceived as a necessary 
evil of the energy transition

Climate emergency diminishes concern 
for externalities & exaggerates the 
carbon bene�ts of the renewable 

energy supply chains

Cycle of Relapse Cycle of Apathy Limited attention to unseen supply 
chain practices

Apathy toward regenerative renewable 
energy supply chains

Renewable energy sector forms the 
normalized view of sustainable energy

Renewable energy supply chains are 
perceived as responsible & regenerative 

in comparison to fossil fuel energy


