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2 Turning Waste into Carbon credits: Moving towards Net Zero Carbon Building 

VISHAL SHARMA 

DIRECTORATE OF HIGHER EDUCATION,HARYANA, PANCHKULA, India 

Abstract 

The paradigm of ‘waste to energy, mitigation of carbon and its sequestration is relegated to a secondary 
level which conversely results in India discarding 68.8 million ton in landfills and comes third after China 
and US in total GHGs emission. The study highlights the adept schemes for successful co-composting of 
food, fruit and green waste, with a mechanism to mitigate carbon leakage in the developing countries. The 
present study is the pioneer attempt to produce bio-stable, organoleptic and agronomic feasible organic 
compost   evaluating the physicochemical parameters using Single stage windrow composting using 
mixture of raw materials: 50%green waste (60% leaves,35%grass clippings and 5%tree branches),50% 
food and fruit waste to   produce agronomic practices compatible compost The main objective of present 
study was to analyze and overview the configuration technology, analytical parameters and feasibility of 
net zero energy improving building resilience, to achieve de-carbonization target to limit the global 
temperature rise to 1.5OC, to meet the goals of the Paris agreement to avoid catastrophic impacts of 
climate change. The inference of study is the mitigation of carbon leakage and generating  carbon credits 
and the  organic compost to achieve sustainable zero waste future. The concept of circular economy, 
restorative and regenerative system by design has contributed to a paradigm shift in the transformation of 
Waste-to-Energy (WtE) which the management of municipal solid waste. The present study entails 
ascertaining how WtE can serve as a circular economy tool toward carbon footprint benefits and climate 
change mitigation.  
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3 Reducing microplastics in the Pacific through composting 

Gerry Gillespie1, Amardeep Wander2 

1Consultant, Queanbeyan, Australia. 2Project Director, Canberra, Australia 

Abstract 

Nappies containing plastic constitute 27% of the overall waste stream in Pacific Island countries, 
representing almost 35% of the waste stream in some islands in Samoa. Organics and food waste is a 
precious commodity as it serves as food for chickens and pigs. Lacking appropriate waste disposal 
methods, most of this waste ends up in the environment and in the ocean, leading to increasing 
quantities of microplastic pollution which is now reaching critical levels.  The Greater Good project, 
supported by the Duchess of York, is addressing this issue by supplying village women with compostable 
nappies at the same price as plastic-containing nappies. In villages, washable nappies are not a viable 
alternative due to inconsistent water and electricity supplies as well as lack of sanitation facilities. Also, 
by using compostable nappies, the faeces and urine in the nappies is captured as an asset. The project is 
using the Maye Bruce composting box, which was used as part of the ‘Dig for Victory’ food production 
program in England in World War II. Supplemented by the Static Pile Inoculated Compost Extension 
(SPICE) inoculant, now in use around the world. The process can produce a high quality, pathogen-free 
compost in less than 8 weeks without turning or additional energy input. Once sealed the Maye Bruce 
boxes are holding temperatures higher than 60 deg C for over a week which ensures pasteurisation. The 
project currently employs 18 local village women. For every 100 babies using compostable nappies, 700 
kg of plastic-containing nappies is kept out of the environment. With locals now trained in the process, 
the project aims to scale up to all 400 villages in Samoa as a ‘train the trainer’ program requiring only local 
funding for local employment of village women to run the project in their area. The project aims to soon be 
operating in Tuvalu with a focus to moving on to other Pacific nations and globally in Small Island 
Developing States.  
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4 Assessing the socio-economic and environmental impacts of the weigh and 
pay model: A case study of Gcwalisa shop in Alexandra in Gauteng province 

Nicholus Sukumani1, isaac Rampedi2 

1Student, City of johannesburg, South Africa. 2lecture, City of johannesburg, South Africa 

Abstract 

This research investigates the effectiveness of Gcwalisa model in addressing food insecurity and 
environmental degradation in Alexandra Township, a densely populated and low-income area in northern 
Johannesburg. Gcwalisa operates on a weigh-and-pay system, making essential food items such as 
maize meal, rice, and sugar affordable for the township residents, who are often faced with high rates of 
unemployment and limited access to resources, by allowing consumers to purchase food in quantities 
that suit their financial means. 

Gcwalisa model promotes environmental sustainability through the adoption of reusable jars, thereby 
reducing reliance on single-use plastic packaging. Aiming to minimize waste and encourage the recycling 
and reuse of materials. The research delves into the socio-economic impacts of this model, examining 
how it influences household food security and community well-being in Alexandra. It also assesses the 
environmental implications by measuring the reduction in single-use plastic waste and evaluating the 
adoption rates and effectiveness of reusable packaging among consumers. 

Using a mixed-methods approach, the study employed semi-structured surveys to gather quantitative 
and qualitative data on consumer attitudes and behaviours. Results indicated that the model positively 
impacts household food security (mean = 3.75, SD = 1.18) and community well-being while reducing 
single-use packaging waste. Adoption rates for reusable jars were high (54.9%), reflecting community 
openness to sustainable practices and underscoring opportunities to expand this model. Findings 
suggest that Gcwalisa’s approach effectively supports environmental and social goals within Alexandra, 
with potential for broader application in similar communities. 
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8 Land-use-related biodiversity loss embedded in global mining supply chains 

Yue Yu1, Shuntian Wang1, Livia Cabernard2, Stephan Pfister1 

1Ecological Systems Design, Institute of Environmental Engineering, ETH Zurich, Zurich, Switzerland. 
2Sustainability Assessment of Food and Agricultural Systems, School of Management and School of Life 
Sciences, Technical University Munich, Freising, Germany 

Abstract 

The global extractive sector has undergone substantial expansion and intensification due to the 
escalating demand for minerals, spurred by digitalization, infrastructure growth, and renewable energy 
transition. Such developments push Earth’s system closer to the limit of the triple planetary crisis, 
particularly in biodiversity loss. To mitigate mining-related biodiversity loss, a spatially explicit 
assessment framework coupled with a comprehensive supply chain analysis is urgently needed. Here, we 
first derived a land use and land cover map that categorized mining land use separately. The updated 
mining land use dataset used in this study extends over 101,583 km2 of large-scale mining and artisanal 
and small-scale mining, approximately double the area of the previous version. Subsequently, mining-
related biodiversity loss was quantified by assessing local biodiversity intactness loss and global 
biodiversity importance at high spatial resolutions (10-arc-seconds and 30-arc-seconds). Instead of 
applying country-average or ecoregion-specific characterization factors, this spatially explicit 
assessment framework further addresses intra-country or ecoregion variances. The assessed biodiversity 
impacts were aggregated at the country level and allocated to specific mining commodities based on the 
monetary values of the respective extracted mine quantities in each country. Furthermore, the Resolved 
EXIOBASE dataset was used to link mining-related biodiversity loss from production to consumption 
perspectives.  

Our findings suggest that global mining leads to a 0.034 % global potentially disappeared fraction. 
Biodiversity loss hotpots, including Indonesia (18%), New Caledonia (12%), Australia (11%), Brazil (9%), 
and Peru (7%), account for 57% of the total impact. 82% of mining-related biodiversity impacts stem from 
extracting coal (24%), precious metals (21%), nickel (18%), iron (12%), and copper (7%). Due to 
international trade, 77% of the mining-related biodiversity footprint is induced in countries other than 
final consumption. While 57% of global mining-related biodiversity loss impacts are induced in Indonesia, 
New Caledonia, Australia, Brazil, and Peru, less than 10% of the global impacts are attributed to their 
consumption. In contrast, 58% of mining-related biodiversity footprint is driven by demand from China 
(31%), Europe (10%), Japan (9%), and the USA (8%), particularly in construction, services, machinery, and 
electronics. This analysis provides a holistic understanding of mining-related biodiversity footprint and 
identifies levers to mitigate the adverse impacts. Further research is needed to standardize the mapping 
of mining land use, fill the data gap of mining production, and refine the assessment by increasing the 
taxonomic diversity and geographic representativeness, providing time series, and quantifying 
uncertainties arising from species ranges and taxonomic representativeness, among others. 

Keywords 

Global mining, Biodiversity loss, Land use, Multiregional input−output analysis, Supply chain impact 
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9 Sustainability Considerations of Green Hydrogen Industries in Water-Scarce 
Regions: Policy Factors and Water Impact Analysis in MENA Region 

Mohammed Khairy 

Scatec, Cairo, Egypt 

Abstract 

Green hydrogen is one of the modern sustainable solutions to pollution, climate change, and resource 
depletion. The rising technology relies on renewable energy sources but comes with the disadvantage of 
requiring immense flowrates of desalinated and demineralized water. Regions with an abundance of 
renewables are often considered as water scarce regions according to the identification of the World 
Resource Institute’s Aqueduct 3.0 Country Rankings. This paper presents an analysis of water 
sustainability challenges in regions where renewable energy supply is not complemented by 
economic/sustainable water availability. It also covers policy restrictions from local and international 
legislative frameworks limiting the national selling and export potentials to create local value and achieve 
global sustainability development goals. 

1. Water requirements in Green Hydrogen production 

RFNBOs (Renewable Fuels of Non- Biological Origins) is a new trend to decarbonize industries and 
mitigate climate change. The necessity for a consistent and clean H2 supply is being brought to light by 
the rising demand for H2 in many industries. Green H2, produced through water electrolysis using 
renewable energy sources, is a promising solution for reducing greenhouse gas emissions and 
transitioning towards a more sustainable energy system. [1] Hydrogen production via water electrolysis 
process using wind (and Solar) energy is currently adjudged as one of the hydrogen pathways with lowest 
life cycle greenhouse gas emissions with competitive cost of hydrogen production [2]. Green Hydrogen 
(and the subsequent production of Green Ammonia) is now a renewable industry investment with 
particular interest in Egypt and Arab countries. Such RFNOs are highly demanded by European States to 
power numerous industries and heating demands with decarbonized fuels compared to natural gas. 
Egypt, being one of the regions with abundant wind and solar energy resources, has taken the opportunity 
to produce RFNBOs to promote local value creation and achieve its Nationally Determined Contributions 
(NDC). 

In recent years, discussions of the implications of hydrogen production by water electrolysis in relation to 
water availability and reserves took place. A large quantity of water is required for green hydrogen 
production by electrolysis - powered by renewable sources. For every 1 kg of hydrogen produced by 
electrolysis, about 9 kg of pure, desalinated and demineralized, water is required which consumes about 
50–55 kWh of electricity (depending on the electrolysis technology). [3] According to World Resource 
Institute’s Aqueduct 3.0 Country Rankings, Egypt is ranked as a “High (40-80%)” baseline water stressed 
region. [4] 
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10 Corporate Sustainability Reporting: Creating Due Diligence Programs to 
Meet International Frameworks and Benchmarking Expectations 

Jamie Wallisch 

Washington, USA 

Abstract 

The international regulatory landscape is rapidly evolving to require in-scope companies to publish 
corporate sustainability reports and within those, include mandatory disclosure requirements. The 
regulations that require reporting expect companies to follow prescribed standards and frameworks. 
These standards and frameworks now span across all topics associated with environmental, social, and 
governance and expect the review of these topics through financial and non-financial lenses. More 
importantly, these standards also require companies to review impacts, risks, and opportunities of these 
topics in both their own operations as well as within their businesses value chain, as observed with the 
ESRS and CSRD. All of this in turn needs to be limited assured (and in 2028, reasonably assured) and 
verified.  

In this presentation, specifically focusing on the ESG/Sustainability regulations and the potential 
Omnibus Simplification Package, we will explore the various international standards and frameworks that 
are establishing the foundation to meet corporate sustainability reporting requirements. We will discuss 
effective practices and metrics-setting in due diligence processes that are structured to directly support 
these frameworks and collect, analyze, and act on impacts, risks, and opportunities identified. Moreover, 
we will investigate the minimum standards in the current market to meet compliance needs and how to 
grow businesses efforts moving forward to be inclusive of further standards, benchmarking opportunities, 
and overall sustainable players in the wider market.  

Keywords 

Corporate Reporting, Omnibus Simplification Package, International Reporting Standards, Value Chain, 
Due Diligence 

  



11 Accelerating the Use of Green Cement for Sustainable Construction in 
Indonesia Through Research Partnerships with Universities 

Oktoria Masniari, Ratnawati Ratnawati 

PT Semen Indonesia (Persero) Tbk, Jakarta, Indonesia 

Abstract 

The adoption of green cement is a critical step in advancing sustainable construction and aligning with 
Indonesia's national decarbonisation framework, which aims to achieve net-zero emissions by 2060 or 
sooner. Despite its potential to reduce the cement industry's carbon footprint, the widespread adoption 
of green cement faces significant challenges, including misconceptions about product quality, limited 
public awareness, weak regulatory frameworks and inadequate government policies. 

Considering this, SIG has launched an initiative to make efforts to increase the use of green cement in 
Indonesia by leveraging partnerships with universities to conduct collaborative research on the usage of 
green cement. The expected outcomes of this initiative include increased adoption of green cement, 
innovation in production processes, cost savings and increased collaboration between industry and 
universities. This paper highlights the importance of innovation, education and partnerships in facilitating 
the transition to sustainable construction practices in Indonesia. 

The approach taken is to collaborate on student final project research. Students from related 
programmes, such as Civil Engineering, Environmental Engineering and Chemical Engineering, who focus 
on research into the use of green cement, are supported with research funding, materials and mentors to 
monitor their research progress. This collaborative programme started in February 2024 and is expected 
to last until the end of 2025. 

The expected outcome of this initiatives is an increase in publications and research related to the use of 
green cement. This increase is expected to trigger growth in the use of green cement in Indonesia, as well 
as strengthen advocacy to encourage policy changes that are more supportive of the use of green cement 
in the cement industry in Indonesia. 

Keywords 

Green Cement, Sustainable Construction, Decarbonization Framework, University Partnerships, Policy 
Advocacy 

  



12 Mapping the European Green Deal: A RAG-based Knowledge Graph Analysis 

Ayazhan Nurpeiis, Jinliang Xie, Chuke Chen, Nan Li, Ming Xu 

School of Environment, Tsinghua University, Beijing, China 

Abstract 

The European Green Deal (EGD) serves as the European Union’s central framework for tackling climate 
change, mitigating environmental degradation, and fostering economic sustainability. To better 
understand the EGD’s complex structure and the interactions among its policies, this study employs 
Retrieval-Augmented Generation (RAG) to analyze all related documents and develop a comprehensive 
knowledge graph. 

The research begins by applying embedding techniques to build a detailed knowledge base 
encompassing EGD regulations, policies, and directives. Subsequently, RAG is used to intelligently 
retrieve relevant information from this repository, supporting data processing and analysis. Leveraging 
predefined label types, large language models annotate EGD-related documents, extracting key entities 
and relationships. These enriched datasets establish a foundation for constructing a knowledge graph 
that, once visualized, reveals intricate connections and dynamic relationships across multiple policy 
domains—including energy, transportation, and manufacturing—within the EGD framework. 

It is anticipated that this analysis will uncover several challenges. The knowledge graph may highlight 
areas lacking policy coherence, potentially resulting in fragmented or conflicting implementations. 
Moreover, the study might identify critical barriers—such as inadequate funding, bureaucratic hurdles, 
and limited stakeholder engagement—that hinder effective EGD initiatives. The analysis could also 
expose inequities in resource allocation, indicating that certain regions or communities fail to fully benefit 
from the EGD’s provisions. Additionally, integrating multiple policy tools intended to advance climate 
neutrality might reveal gaps in coordination and effectiveness, raising concerns about the robustness of 
these mechanisms. 

Building on insights gained from the knowledge graph, the study employs predictive analytics to forecast 
future policy developments and trends within the EGD framework. This predictive element provides 
valuable guidance for policymakers, enabling more informed decisions aligned with long-term 
sustainability goals. In doing so, the research underscores the EGD’s role as a comprehensive blueprint 
for decarbonization and sustainable industrial transformation, offering data-driven strategies that 
address critiques related to feasibility and equity. 

This interdisciplinary work provides actionable strategies for policymakers, researchers, and industry 
leaders, emphasizing adaptive and scalable approaches to extend the EGD’s influence globally. By 
situating the EGD within broader contexts—such as planetary boundaries—and aligning it with key United 
Nations Sustainable Development Goals related to climate action, clean energy, and sustainable 
industry, the study highlights its critical importance in shaping the future of industrial ecology and 
sustainability science. Ultimately, this research demonstrates how advanced analytical techniques—
embedding, RAG, and knowledge graph visualization—can enhance policy analysis and prediction, 
fostering more resilient and sustainable policymaking processes. 
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13 Trapped and Lost in the Labyrinth of the Just Energy Transitions: Metabolic 
Rift and Green Extractivism in the Global South 

Kennedy Manduna 

University of the Witwatersrand, Johannesburg, South Africa. Rosa Luxemburg Foundation, Berlin, 
Germany 

Abstract 

Through reading and interpreting the just energy transition partnerships (JETPs) from the southern 
standpoint and using South Africa as a unit of analysis, this paper seeks to explore and expose the 
vicissitudes and permutations around how South Africa is trapped (and somewhat lost) in the labyrinth of 
the just energy transition, and how accumulation by decarbonisation is playing out. South Africa, as one 
of the four global south countries (the other three being Indonesia, Senegal, and Vietnam) presently used 
as laboratories for the JETPs experimentation, is no exception to all these permutations and dynamics. 
However, while on the global arms race for the just energy transition (JET), South Africa is undergoing a 
complex crisis situation in which multiple crises collide, intersect and escalate simultaneously. The 
complex crisis, unfortunately, has direct and profound implications for adding new layers and stripes of 
complexities, entanglements and dynamics to the country’s JET pathway and outcomes. JET is 
characterised by energy colonialism/coloniality where, on the one pole, there is accumulation by 
decarbonisation by the transnational energy and mining companies; and on the other pole, increased 
energy poverty, energy insecurity and general loss of livelihoods by the citizens. Consequently, the knock-
on effects of the JET on the following are phenomenal: energy democracy, security, access and poverty; 
the raging global geopolitical earthquakes; and (re)structuring the ownership, control and management of 
both the means and factors of energy production, financing, distribution, generation, transmission and 
consumption. Therefore, drawing upon the metabolic rift theory (as developed by John Bellamy Foster) 
from a Southern standpoint, this proposed study aims to articulate the notions of unjust energy transition 
and energy colonialism embedded within the JETPs in the context of the country’s poly-crisis across 
divides. The motivation for choosing South Africa is that it imbues the complex and layered dynamics, 
permutations and vicissitudes of how the global South is trapped and somewhat lost in the labyrinth of 
the just energy transition, making them perfect cases to analyse (a) the spatial, temporal and scalar 
realities of South Africa’s just energy transition, (b) the justness of the just energy transition, and (c) the 
energy colonialism implications of the JETPs. The impact of all this on democratic 
strengthening/backsliding and social contract strengthening/weakening can also be determined.  

Keywords 

just energy transition, just energy transition partnerships , green extractivism, coal-powered plants, South 
Africa  



16 How circular is the global steel industry? 

Takuma Watari 

National Institute for Environmental Studies, Tsukuba, Japan. Leiden University, Leiden, Netherlands 

Abstract 

The growing extraction of iron ore and expansion of steelmaking are intensifying climate change and 
ecological degradation. While the benefits of a circular steel industry are well recognized, its current 
state, country-specific variations, and driving factors remain poorly understood. This study bridges these 
knowledge gaps by mapping the physical flows of iron and steel across the world’s 30 largest steel-
producing countries, tracking materials through production, use, and recycling. 

Our analysis reveals that recycled iron inputs in global steelmaking have stagnated at about 30% over the 
past two decades. Despite advancements in waste management, the rapid growth of in-use steel stock 
has impeded efforts to close the material loop. Circularity levels differ significantly across countries, with 
recycled content ranging from over 90% to less than 10%. However, these variations are often driven by 
global trade dynamics rather than true leadership in circular practices. High circularity in some nations is 
frequently enabled by low circularity elsewhere, facilitated through scrap imports or the offshoring of 
high-quality flat product manufacturing. 

Achieving a truly circular steel industry, therefore, requires coordinated global initiatives, as isolated 
national efforts risk fostering competition rather than collective progress. 

Keywords 
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17 Integrating the artisanal and small-scale mining sector in critical mineral-
wealthy African countries: a driver for "just and equitable" resource-driven 
economic development. 

Weston Marume 

University of Massachusetts, Boston, Boston, USA 

Abstract 

The surging demand for diverse critical minerals required to develop and deploy renewable energy 
infrastructure and green technologies calls for the expansion of the mining industry. It provides a colossal 
economic opportunity for African countries endowed with critical minerals such as cobalt, copper, nickel, 
graphite, and lithium. Consequently, exploration and mining project expansions are at various 
development stages across the continent. Noteworthy is the continued exclusion and marginalization of 
the artisanal and small-scale mining (ASM) sector despite its potential to contribute to economic 
development. Thus, this chapter advocates the integration of the artisanal and small-scale mining sector 
in the critical mineral value chain as a panacea for resource-driven economic development and 
industrialization in Africa. It also provides strategies for empowering ASM, including fostering a supportive 
regulatory environment, capacity building, facilitating access to finance, and adopting sustainable mining 
practices. This resonates with the Africa Mining Vision’s goal and the recommendation of the Panel on 
Critical Energy Transition Minerals to ensure the harnessing, inclusion and empowerment of ASM. For 
many states facing economic challenges, integrating ASM into the economy could address 
unemployment challenges, raise incomes, improve rural livelihoods, stimulate entrepreneurship in a 
socially responsible manner, and promote local and integrated development. It can also eliminate illicit 
flows/smuggling, environmental damage and the likelihood of destabilizing resource-based conflicts 
commonly associated with illegalizing and criminalizing artisanal and small-scale mining. Furthermore, it 
could also address the environmental and social risks associated with artisanal mining by enforcing 
sustainable, responsible and environmentally friendly mining practices that benefit local communities. 
Ultimately, this approach supports local livelihoods and contributes to broader goals such as achieving a 
“just” and equal transition and sustainable development goals. 

Keywords 

artisanal and small-scale mining, critical minerals, energy transitions , resource-driven economic 
development , Africa Mining Vision 

  



18 Towards a Sustainable Portfolio Theory: Exploring the Connection between 
Strategic Foresight, Long-Term Investing, and Applied Systems Thinking in 
Finance 

Ville Korpela1, Petri Kuusisto2 

1University of Oxford, Oxford, United Kingdom. 2Impact Innovation Institute Oy Ltd, Kauniainen, Finland 

Abstract 

This paper offers a novel perspective on sustainable development aligned portfolio theory by integrating 
principles of strategic foresight, long-term investing, and applied systems thinking in finance. Financial 
decision-making traditionally prioritizes short-term returns, often neglecting systemic risks and societal 
impacts. Strategic foresight enables long-term investors to anticipate and adapt to future uncertainties, 
while long-term investing promotes adaptability and stability in financial ecosystems. Systems thinking, 
as a holistic framework, fosters interdependencies and feedback loops within the financial system, 
building resiliency. By merging these approaches, the paper proposes a new conceptual framework for 
designing system-level investment portfolios that address the dual objectives of economic growth and 
societal well-being in the context of wicked, complex societal problems requiring transformation within 
the system itself. 

The framework is particularly relevant for regions undergoing economic and political challenges, such as 
the Global South, and offers actionable insights for impact-driven financial and policy actors operating in 
highly volatile and uncertain macro-environments. Scholarly articles, policy reports, and case studies 
from both Global South and developed economy contexts were analyzed to identify patterns, gaps, and 
opportunities. Particular emphasis was placed on studies that explore the practical applications of 
foresight methodologies in long-term investing and strategic asset allocation. The paper suggests that a 
new methodology could provide public policy and investment practitioners and scholars a much needed 
holistic framework for enabling far-reaching social and environmental impacts, supporting the UN’s 
Sustainable Development Goals.  

Keywords 
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19 Leveraging diverse data sources, tools, and expertise to regionalize Life 
Cycle Inventories for mining and metal extraction 

Valeria Superti, Thomas Sonderegger 

ecoinvent association, Zurich, Switzerland 

Abstract 

Metals are indispensable resources that are gaining increasing importance in the context of advancing 
cleaner technologies and facilitating the energy transition. As mining and metal extraction activities place 
significant pressure on the environment, Life Cycle Assessment (LCA) offers a valuable opportunity to 
assess the environmental impact of both established and alternative technologies and products. 
However, the quality of an LCA is heavily dependent on the quality of the data used to compile Life Cycle 
Inventories (LCIs). Collecting data for LCA, whether primary or secondary, for incorporation into LCA 
databases continues to pose significant challenges. These challenges are amplified when aiming to 
create regional inventories.  

As alternative technologies spread globally, there is an increasing need to represent realities at a finer 
granularity than global averages allow. Regionalizing data for LCA requires focusing on regional specifics, 
such as ore grade, extractive technology, and impact assessment. Regionalized datasets are important in 
LCA because they can improve the accuracy of LCA results and make them more relevant for decision-
makers. The challenges in obtaining regionalized inventories relate to, for instance, the complexity of 
mining operations, where multiple metals are often extracted simultaneously, and the confidentiality of 
production data, making it not easily accessible. Additionally, regional variations in extraction methods 
and energy usage complicate the task of accurately representing mining and metal extraction activities in 
LCA databases. Updating LCA databases with representative, transparent, and high-quality LCIs can be 
based on a diverse range of data sources, including published literature, tools for process modelling, and 
expert opinion. Opportunities lie in improving the coverage and granularity of LCA databases by exploring 
coherent methods for integrating diverse data sources. 

This project explores options for compiling LCIs for mining, refining, and smelting processes to increase 
their regional granularity. By investigating data gaps and collecting information on inventory creation 
projects, the study aims to identify sources and best practices for integrating more granular data into LCA 
databases through a literature review and expert interviews. Key research questions include 
understanding the challenges of regionalized data collection, assessing process variations across 
regions, and elaborating on the needs when using LCA background databases. Addressing these 
questions will inform and facilitate collaboration among a diverse range of stakeholders (e.g., LCA 
database managers, and researchers). Such collaborations are essential to establishing shared 
practices, pooling resources, and ensuring transparency in the generation of regionalized LCIs, thus 
enhancing the accuracy and relevance of environmental impact assessments. 
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20 Impact of Financial Mechanisms and Trade Policies on Sustainable 
Development: A Focus on Low-Carbon Economies and Circular Business 
Models 

Kazeem FASOYE1, Abiodun OLAYIWOLA2 

1Fountain University, Osogbo, Nigeria. 2Chrisland University, Abeokuta, Nigeria 

Abstract 

This research endeavors to investigate the complex interrelationship between financial mechanisms and 
trade policies, particularly their ramifications on sustainable development initiatives. The analysis 
focuses specifically on low-carbon economies and circular business models, employing a 
comprehensive dataset amassed from Germany, China, the United States, and India during the period 
from 2000 to 2023. Utilizing Fixed Effects Models (FE), the study scrupulously assesses the efficacy of 
diverse financial instruments, which include green bonds, governmental subsidies, and the Clean 
Development Mechanism (CDM). These instruments are subjected to critical examination regarding their 
contributions to the advancement of sustainable infrastructure development within the specified nations. 
The outcomes of the research emphasize the crucial significance of financial mechanisms in propelling 
sustainable infrastructure, indicating that they substantially enhance efforts aimed at realizing 
sustainability objectives within these varied economic landscapes. Importantly, the investigation reveals 
that Germany's robust regulatory frameworks yield more sustainable impacts on the development of 
infrastructure than those observed in the other countries analyzed. Conversely, the United States, India, 
and China confront a myriad of challenges that impede their progress. Such challenges comprise 
ineffective governance structures, entrenched industrial interests, and the intricate task of reconciling 
economic growth with environmental stewardship. To confront these hindrances and promote the 
development of sustainable infrastructure, the study advocates for the United States, India, and China to 
fortify the enforcement of environmental regulations. Additionally, it underscores the necessity of 
encouraging increased private-sector engagement in sustainability initiatives while diminishing the 
impact of industrial lobbying. By adopting these strategies, these nations can cultivate a more favorable 
environment for sustainable development, ultimately aiding global initiatives to combat climate change 
and foster environmental sustainability 
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21 Empowering Women in Artisanal Mining through Circular Economy 
Strategies for a Sustainable Future. 

Faith Mutete1, Prince Dzingirai2 

1WIM ZIMBABWE/WOMEN IN MINING ZIMBABWE, Harare, Zimbabwe. 2Women's University in Africa, 
Harare, Zimbabwe 

Abstract 

Artisanal and small-scale mining (ASM) is a vital income source for many women in Zimbabwe, yet the 
sector is informal, poorly regulated, and marked by environmental and social inequalities. Women in 
Mining Zimbabwe (WIM Zimbabwe) aims to empower women miners by integrating circular economy (CE) 
strategies into artisanal mining operations, promoting sustainability, resource efficiency, and gender 
equity. 

Circular economy principles like resource recovery, multi-material extraction, and waste reduction are 
well-established in larger industries but are underutilized in ASM (Bocken et al., 2016). WIM Zimbabwe 
seeks to optimize resource use and reduce environmental impact by implementing these strategies. For 
example, tailings recovery can extract valuable resources from waste, mitigating environmental damage 
(Schaltegger et al., 2019). Digital technologies like blockchain for traceability and artificial intelligence (AI) 
for process optimization can further improve operational efficiency, transparency, and sustainability in 
ASM (Srinivasan et al., 2020). 

The project will offer capacity-building workshops for women miners, providing training on sustainable 
resource management, CE practices, and the integration of digital tools. These workshops will cover 
waste management, resource recovery, and applying new technologies. Additionally, training in financial 
management, policy advocacy, and governance will empower women to take leadership roles and 
advocate for better regulatory frameworks in ASM. 

WIM Zimbabwe recognizes that sustainable practices require collaboration. The project will engage 
stakeholders, including government agencies, NGOs, and the private sector, ensuring strategies are 
feasible, scalable, and supported by appropriate policies. A key objective is to encourage gender-
responsive governance frameworks that integrate women’s voices into decision-making on resource 
management and mining policy. Promoting gender inclusivity in governance can reduce gender 
disparities and ensure women have equal access to opportunities and resources (ILO, 2016). 

Expected outcomes include environmental benefits from improved resource recovery and waste 
management, economic resilience for women miners due to increased operational efficiency, and the 
creation of policy recommendations to promote sustainable ASM practices. This project aims to establish 
a model of circular economy integration in ASM that can be replicated across regions and sectors, 
contributing to a broader movement for sustainable, inclusive, and equitable mining practices. 

This initiative aligns with the World Resources Forum 2025’s focus on the extractive sector, leveraging 
“Drivers for Change” such as circular economy, innovation, and multilateral governance to foster a fair 
and sustainable future in mining. 

International Labour Organization (ILO). (2016). Promoting decent work in the mining industry. Geneva: 
International Labour Office 
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Abstract 

The paper presents a case study on the circularity potential of residential heat pumps in Germany, 
using a 5R framework (Reduce, Reuse, Repair, Remanufacture, Recycle) and value chain engagement 
facilitated by Digital Product Passports (DPPs). The study addresses the critical need to optimize 
resource use and reduce environmental impact in the heating, ventilation, and air conditioning (HVAC) 
sector, a significant contributor to global energy consumption.  

The methodology combines qualitative data from interviews with installation partners (IPs), and 
quantitative data on product sales and disposal, as well as the application of a prospective LCA model 
for a representative heat pump.  

The study uses the CE-RISE (Circular Economy Resource Information SystEm) framework, and considers 
the current end-of-life (EoL) processes for heat pumps including forward logistics, disposal, and second-
life options. The analysis includes a prospective mapping of the environmental footprint, based on 
quantitative LCA data for a representative residential-scale air-water-heat pump system (Vitocal 250A) 
and a hypothetical 5R optimised heat pump system. 

DPPs are explored as a tool to improve traceability and data exchange throughout the value chain. 
This includes the use of blockchain to ensure data integrity, and explores the possibility of using QR 
codes for product identification and data access. 

The results show that heat pump systems are not yet reaching their end-of-life in large numbers. 
However, the study identifies key barriers to circularity including a lack of refrigerant handling capabilities 
by IPs, insufficient storage for system components, and a lack of interest from recyclers in tracing 
components back to the original product. The paper assesses the potential of the 5R strategies for heat 
pump components, and also identifies key materials within heat pumps that could be recovered and 
reused. By linking this information to DPPs, we are better able to enable stakeholders to make better 
choices about product lifecycles, with focus on repairability and recyclability. 

The study concludes that DPPs are essential to enhance circularity in the HVAC sector, but the 
successful implementation of take-back and reverse logistics systems depends on the acceptance and 
individual requirements of installation partners. This study will present recommendations for 
manufacturers, recyclers and policymakers on how to effectively implement the 5R framework for heat 
pumps and promote a more circular and sustainable building equipment sector. 
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Abstract 

Introduction 

Mining has been the mainstay of Ghana’s economy for almost four decades. In 2023, this sector became 
an important earner of foreign exchange earnings, totaling roughly 7.8 billion dollars. Given the significant 
investment in the mineral sector, there is an impression that the country's reliance on fiscal benefits is 
quite strong, with a dearth of positive steps towards contributing to development. For instance, some 
local communities have had to contend with either pollution attributed to mining, displacement, or both. 
Others have challenges with compensation, resettlement, safety and health, and post mining 
rehabilitation issues. Mining-induced resettlement is significantly linked to the livelihoods, cultural and 
general wellbeing of the affected communities. This study examined the social inclusion and the gender 
dynamics of mining related resettlement and compensation in Ghana. 

Objective: To examine the social inclusion and gender dynamics of mining related resettlement and 
compensation in Ghana 

Method 

Three separate communities in the Adansi traditional area of the Ashanti Region were purposively 
selected based on study objective. These communities are New Bediem, Dokyiwa, and Anwiam. A mixed-
methods approach was adopted. In-depth semi-structured interviews and focus group discussions were 
conducted with resettled women, executives from mining companies, and government officials. National 
and international policy frameworks were reviewed against their provisions for inclusion of gender. 
Household surveys were used to acquire quantitative data on income levels, land ownership patterns, 
and resource availability before and after the resettlement. 

Results 

The results show there is limited genuine engagement with women, youth and persons with disability in 
the resettlement and compensation process resulting in loss of livelihoods for especially women who are 
mostly the primary care givers.  Women involved in mining-induced resettlement bear a disproportionate 
burden for a variety of reasons, including limited property ownership rights, isolation from decision-
making processes, and a failure to recognize their special requirements in compensation packages. Many 
women reported reduced access to farmland, declining incomes, and increased dependency on male 
household member’s post-resettlement. Furthermore, the lack of gender-sensitive policies has resulted 
in compensation schemes that prioritize formal property ownership, often excluding women who rely on 
informal land use for their livelihoods. 

Conclusion/Recommendations 



It was established that mining-related resettlement and compensation contributes to the existing gender 
inequalities, which seriously undermine women's economic empowerment and social stability.  The 
recommendations from the research include the integration of gender-sensitive, transformative and 
responsive approaches in the resettlement and compensation processes. 

Keywords 

Compensation, Resettlement, Mining, Gender, Livelihood 

  



25 Breaking the Vicious Cycle of Poverty: The Quest for Sustainable Financing 
Strategies for Artisanal Mining Sector, Tanzania Case Study. 

Evans Rubara 

Africa Transcribe Enterprices, Dar es Salaam, Tanzania, United Republic of 

Abstract 

The artisanal and small-scale mining (ASM) sector is a critical component of the economies in many East 
African countries, particularly Tanzania, where it employs over a million individuals and contributes 
significantly to local livelihoods (World Bank, 2022). Despite its potential, ASM is often plagued by 
inadequate financing, regulatory challenges, and market access issues, which exacerbate poverty and 
limit sustainable development (Hilson, 2020). This presentation aims to explore innovative financial 
mechanisms and trade policies that can enhance sustainability in the ASM sector, focusing specifically 
on Tanzania as a case study. 

In recent years, there has been a growing recognition of the need for a structured financing approach that 
addresses the unique challenges faced by artisanal miners. Traditional financial institutions often view 
ASM as high-risk, leading to a lack of investment. This research will investigate alternative financing 
models, including microfinance, community-based financing, and public-private partnerships, and other 
less known/explored financing models that could provide sustainable financial solutions tailored to the 
needs of artisanal miners (Basu, 2021). 

Additionally, the presentation will highlight the importance of integrating trade policies that promote fair 
pricing and market access for ASM products. By fostering a supportive policy environment, it is possible 
to create a more equitable market that not only benefits miners but also contributes to broader economic 
development in Tanzania (Kumar & Singh, 2023). 

The focus will be on actionable proposals that stakeholders, including governments, NGOs, and the 
private sector, can implement to create a sustainable financing structure for the ASM sector. These 
proposals will include strategies for capacity building, establishing partnerships for finance access, and 
developing regulatory frameworks that support responsible mining practices. 

Ultimately, this research seeks to contribute to the discourse on sustainable resource management by 
demonstrating how alternative financing structures and trade policies can empower artisanal miners, 
reduce poverty, and promote sustainable development in Tanzania. Through this lens, the presentation 
aligns with the World Resource Forum's theme of exploring new resource strategies for a fair and 
sustainable future. 
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Abstract 

Indonesia is the second-biggest tin producer in the world after China, and the Bangka Belitung Province 
accounts for approximately 90% of the nation's total production (Ang et al., 2021). Since the 19th century, 
the tin industry has been a pivotal component of the regional economy. However, the sector faces many 
challenges, including the tug-of-war of authority and regulation (decentralisation-recentralisation), as 
well as environmental and sustainability concerns which illustrate the complex interplay between local 
economic needs and global market forces. 

This study aims to analyse the role and influence of changes to regulatory policies on the spatial patterns 
of tin mining over 1995-2024, and to evaluate the social and economic impacts of mining operations on 
local communities over the same period. A spatial-temporal approach was used to understand the 
relationship between regulatory shifts and the spatial extent of mining areas in 1995, 2000, 2020, and 
2024. Changes were catalogued through Landsat imagery and classified using the Random Forest 
algorithm on Google Earth Engine (GEE) (Siddique et al., 2024). Macroeconomic indicators such as GRDP, 
poverty rates, human development index (HDI), and unemployment were assessed to understand 
mining’s broader impacts. Three key policy periods were identified: pre-decentralization under central 
authority (before 1999, represented by 1995 imagery), decentralisation granting regional authority (1999–
2020; 2000 and 2020 imagery), and partial re-centralisation (after 2020; 2024 imagery). Our analysis 
indicates that mining areas expanded significantly over the three decades, with the highest growth 
(77,4%), elevate to 8,894.5 hectare occurring during the decentralisation period. However, the sector's 
GRDP contribution dropped from 24.19% annually (1997–2010) to only 8.38% in 2023, indicating an 
unequal distribution of benefits from the mining operations. 
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Abstract 

Artisanal and small-scale mining significantly contributes to West African economies, yet its informal 
nature often raises concerns regarding environmental sustainability and social well-being.   Formalization 
initiatives, enacted through governance frameworks, seek to mitigate these challenges by integrating ASM 
activities into legal and regulatory structures. This study evaluates the efficacy of such formalization 
efforts in achieving sustainability objectives in West Africa, focusing on Ghana and Nigeria.  Guiding this 
research are the following questions: How do formalization policies impact environmental outcomes, 
such as deforestation and water pollution, within ASM communities? What are the economic effects of 
formalization on miners' livelihoods and local economic development to include social equity and 
community well-being? To what extent are multilateral governance frameworks, through formalization 
initiatives, effective in promoting sustainable development within the artisanal and small-scale mining 
sector in Ghana and Nigeria? Employing a comparative desktop review methodology, we analyse the 
impacts of formalization on environmental protection, economic development, and social equity within 
ASM communities.  By considering the perspectives of diverse stakeholders, including miners, 
governments, and local communities, this research explores the inherent challenges and opportunities 
associated with formalization. Preliminary findings suggest that while formalization can yield benefits 
such as improved working conditions and enhanced environmental safeguards, its success hinges on 
factors such as robust community participation, effective monitoring mechanisms, and equitable benefit 
distribution.  This research contributes to a deeper understanding of how multilateral governance 
frameworks can promote sustainable development within the ASM sector. Through a comparative 
analysis of different formalization approaches and their practical application, we aim to provide valuable 
insights for policymakers, practitioners, and ASM communities.  
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Abstract 

Mineral resources are pivotal for Namibia's socio-economic progress and play a crucial role in its energy 
transition and on a global scale. The Erongo region boasts significant uranium deposits, fostering the 
establishment of uranium mines, with potential for further discoveries. Consequently, mapping uranium 
occurrences in this region is imperative for effective mineral resource management. Interpolation 
techniques provide a means to accurately forecast mineral values at un-sampled locations, generating a 
continuous dataset of spatial distributions. This study employs spatial and geostatistical analytical tools 
to compare various interpolation methods concerning uranium occurrence patterns in the Erongo region, 
utilizing ArcGIS 10.6 software. Seventy uranium occurrences were selected to construct prediction 
models. Deterministic interpolation methods like Radial Basic Function and Inverse Distance Weighting, 
alongside geostatistical techniques such as kriging, including Empirical Bayesian Kriging, were utilized in 
both spatial and geostatistical analyses. The interpolation method exhibiting the lowest average standard 
error, root mean square standardized error, root mean square error, and mean square error was deemed 
the most suitable for capturing spatial variations in mineral occurrences. Geostatistical approaches, 
particularly Empirical Bayesian Kriging with a linear semivariogram model, demonstrated superior 
performance compared to Universal Kriging in spatial analysis. In conclusion, geostatistical interpolation 
emerges as the preferred method over deterministic interpolation for accurately mapping and predicting 
potential uranium occurrences in the Erongo region. 
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Abstract 

The use of LED lamps as a secondary material of REE is still a topic little explored in the literature, and 
there is still no consolidated process for recovering REE from this waste, the same occurring for other 
electrical and electronic waste (WEEE). Thus, this study aimed to develop a leaching process for 
extracting rare earth elements from printed circuit boards (PCB) and electronic components of end-of-life 
LED lamps. The influence of temperature, acid concentration, and solid-liquid ratio was studied using a 
Box-Behnken Design, analyzing three levels in each factor. Under optimal conditions (55°C and 100 g.L-1), 
the extractions obtained were 78.82% and 41.19% of cerium and yttrium, respectively, using the 
combination of sulfuric acid 2.5 mol.L-1 and hydrogen peroxide as a leaching agent. Using these 
parameters, temperature and the solid-liquid ratio influenced the extraction result. Increasing the 
temperature from 25 to 55°C resulted in a 93% and 90% increase in cerium and yttrium extractions, 
respectively. The variation from 25 g.L-1 to 100 g.L-1 resulted in an increase of 84% in the extraction of 
cerium and 86.8% in that of yttrium. However, statistically analyzing the variations within the studied 
range, none of the variables showed a statistically significant influence in extraction when sulfuric acid 
and hydrogen peroxide were used. It is suggested to study the combination with other processes to 
increase the ETR concentration in the sample or extract other contaminating metals in a preliminary 
phase. 
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Abstract 

Among renewable energies, solar energy is the second most used in Brazil, and the durability of a 
photovoltaic panel is approximately 25 years. However, it is possible for the panel to become unusable 
before this time due to damages. As the market expands, an increase in the production of this waste is 
predicted, and it is crucial to recycle photovoltaic panels. Among the panels produced so far, the 
crystalline silicon panel is the most used in the world and it contains glass, aluminum, metallic filaments, 
EVA, as well as silicon, copper, lead, silver, among other metals. The metal that stands out in the 
photovoltaic panel due to its added value and criticality on the Earth is silver. With the aim of reusing the 
silver contained in photovoltaic panels, this study aims to determine the optimal conditions and potential 
for its extraction from unusable cells through leaching with thiourea. For this purpose, the gravimetric 
composition of the crystalline silicon photovoltaic panel and the initial concentration of metals (Ag, Cu, 
and Pb) were determined. The Box-Behnken experimental design was used at three equidistant levels to 
identify the best configuration of control variables for extraction: thiourea concentrations, sulfuric acid, 
ferric ion, and solid-liquid ratio. The results obtained under optimal extraction conditions were 82%, with 
sulfuric acid at 0.1 mol/L, thiourea at 20 g/L, ferric ion at 5 g/L, and solid-liquid ratio of 125 g/L at a 
constant temperature of 25°C and rotation of 200 rpm. Furthermore, statistical modeling identified that 
the significant variables were sulfuric acid, solid-liquid ratio, ferric ion, and the interactions sulfuric acid-
ferric ion and sulfuric acid-solid-liquid ratio. 
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Abstract 

Tropical watersheds and islands face increasing pressures from climate change, including extreme 
weather events, flooding, and ecosystem degradation. In response, Urban Hydrologics has developed the 
Blue-Green Data Economy (BGDE) - a forward-looking approach that combines decentralized nature-
based solutions (NBS) with advanced data-driven tools to build resource fairness, sustainability, and 
watershed resilience. 
 
Grounded in the Urban Hydrologics Holistic Adaptation Framework for Tropical Watersheds, the BGDE 
evaluates water quality, water quantity, community well-being, and ecological health. At its core, this 
framework introduces an innovative compensation model to expand and incentivize community-led 
stewardship. Local stakeholders actively participate in the care, monitoring, and maintenance of blue-
green infrastructure elements (BGI) - such as clearing debris, maintaining vegetated channels, and 
documenting flood events - through a dedicated tech platform. These efforts are rewarded through 
measurable monetary compensation, empowering underserved communities while ensuring ecosystem 
health and resilience. 
 
To optimize decision-making, Urban Hydrologics integrates IoT-enabled sensor networks and digital 
tools, including geo-data, digital twin tech, and machine learning, to collect and analyze real-time 
performance & operation data of decentralized blue-green infrastructrue features in watersheds. These 
technologies support actionable insights, guiding BGI performance improvements while embedding 
participatory governance to ensure equitable and inclusive adaptation outcomes. By linking stewardship 
with measurable impacts, the BGDE fosters a virtuous cycle of community engagement, resource 
management, and environmental restoration. 
 
Key results include: 
 
- A scalable framework where participatory stewardship can help reduce flood risks, water quality, 
ecological connectivity, and community cohesion and overall health. 
- Strategic master plans aligning BGI improvements with community needs and ecological priorities, 
fostering governance and community co-benefits. 
- Sustainable funding pathways generated through partnerships, showcasing the economic, social, and 
environmental co-benefits of BGI investments. 

The BGDE serves as a replicable model for advancing climate resilience accross tropical islands 
worldwide. By combining community-driven stewardship with innovative resource management 
strategies, this approach expands the role of local stakeholders in adaptation while addressing critical 
sustainability challenges and fostering equity. 
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Abstract 

Renewable energy technologies are experiencing rapid growth, outpacing other energy generation 
installations globally. While these technologies are environmentally friendlier than traditional energy 
generation methods, they still carry significant environmental impacts. These impacts arise from the 
mining of virgin materials, emissions (solid, liquid and gaseous) during manufacturing processes, 
emissions from the transportation of the equipment (most of which is manufactured in the People’s 
Republic of China and then operated elsewhere), and the challenges associated with end-of-life 
management, whether through disposal or recycling. 

To mitigate these environmental effects, it is essential to intensify the usage of renewable energy 
equipment through strategies such as reuse (where equipment is no longer required at its original site), 
refurbishment and re-deployment, and, as a last resort, recycling. Among these strategies, refurbishment 
stands out for its ability to dramatically reduce environmental impact, including significant reductions in 
CO2eq emissions and energy consumption. 

This paper explores the potential opportunities in refurbishing renewable energy generation equipment 
and examines strategies that could maximize these opportunities, contributing to a more sustainable 
energy transition. 
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Abstract 

Current levels of resource consumption are more than the Earth can regenerate. Therefore, resource 
consumption overall needs to be reduced. The principle of sufficiency aims for consumption and 
production volumes within the planetary boundaries while ensuring basic needs. Sufficiency is an 
important component for achieving strong sustainability, a state that recognises the limits of Earth’s 
resources and guides sustainability action along these limits. Sufficiency-oriented businesses aim for 
resource consumption levels that are in line with ecological boundaries. Therefore, businesses can 
implement a sufficiency orientation by focusing on meeting human needs and limiting their own resource 
use to what is necessary. 

Sufficiency-oriented businesses receive increasing attention in research; however, there is still a lack of 
understanding how sufficiency can be adopted, with a particular dearth of knowledge regarding practical 
advice for managers on how to implement sufficiency strategies in their organizations. Therefore, this 
research aims to transform academic insights on sufficiency-oriented business into actionable advice for 
companies that are interested in exploring a sufficiency orientation: the Sufficiency in Business Guide. 

The research project “Economics of Sufficiency” (Maßvoll Wirtschaften) conducted multi-step mixed 
method research across different industries in Germany, Austria, and Switzerland to culminate in the 
development of a practice-relevant tool for businesses. First, existing literature on sufficiency-oriented 
businesses was reviewed. Second, 13 expert interviews with representatives of sufficiency-oriented 
businesses were conducted. Third, a quantitative survey with German-speaking sustainability-oriented 
companies is underway to gather insights on sufficiency from a broader audience. All research steps 
aimed at exploring sufficiency strategies across various sectors, the barriers, conflicts and drivers for 
implementation and scaling, as well as solutions.  

The insights gained through the diverse data will form the basis for the Sufficiency in Business Guide, a 
tool that companies can use to learn about sufficiency orientation in business. Based on the research, 
the tool will provide general information about what it means to be sufficiency-oriented, what benefits 
such an orientation may hold, real-life best practice examples and challenges, and checklists or step-
wise guides for implementing a sufficiency orientation. The Guide will be developed and improved in 
consultation with businesses and representative bodies, such as German Chambers of Commerce and 
sustainability-oriented business associations. 

Sufficiency is required to meet sustainability goals and ensure future prosperity within the boundaries of 
the planet. Based on mixed methods research with companies, this project aims to develop an actionable 
tool to help businesses adopt a sufficiency orientation. 
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Abstract 

The Artisanal and Small-scale Mining (ASM) sector in Zimbabwe is a significant contributor to the 
country's economy, with women playing a crucial role in the sector. However, women in ASM face 
numerous challenges, including limited access to finance, markets, and technology, as well as social and 
cultural barriers. This research aims to explore the potential drivers of transformation in the ASM sector, 
focusing on empowering women. 

The study employed a mixed-methods approach, combining qualitative and quantitative data collection 
and analysis methods. The research findings identified six key drivers of transformation in the ASM sector: 
(1) Multilateral Governance, (2) Finance and Trade, (3) Innovation, (4) Digitalisation, (5) Circular Economy, 
and (6) Standards. These drivers have the potential to address the challenges faced by women in ASM, 
improve their livelihoods, and promote their empowerment. 

The research highlights the importance of a coordinated approach to transform the ASM sector, 
leveraging the six drivers to empower women. The study provides recommendations for policymakers, 
practitioners, and other stakeholders on how to create an enabling environment for women's 
empowerment in the ASM sector. 

The findings of this research contribute to the development of evidence-based policies and strategies for 
transforyming the ASM sector in Zimbabwe and promoting women's empowerment. The study's 
conclusions have implications for other countries with significant ASM sectors, particularly in Africa. 

Ultimately, this research demonstrates that empowering women in ASM is critical to transforming the 
sector and promoting sustainable development. By leveraging the six drivers, stakeholders can create 
opportunities for women's economic empowerment, improve their livelihoods, and promote their 
participation in decision-making  
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Abstract 

The critical materials are determined by economic, social and environmental aspects, based on criteria 
such as scarcity and economic value. The materials supply risk can be the result of a set of factors, such 
as: reduced geological occurrences, mineral reserves located in conflict areas or the cost of mineral 
extraction and processing. Aligned to the principles of circular economy, solutions for the recovery of 
secondary materials have been made viable in different production sectors, named as circularity routes 
(e.g. reuse, recovery, remanufacturing and recycling). Both extending the useful life of products and 
recovering secondary materials can be part of circularity pathways and directly impact the demand for 
resources by production systems. Secondary mineral fractions can be recovered through urban mining 
techniques from landfills, incineration ashes, post-consumer products and demolition and construction 
waste. However, unlike conventional mining, urban mining allows the recovery of alloys with formulations 
close to those required in known production processes. Throughout the process of recovering secondary 
materials from anthropogenic stocks, it is possible to contribute to circularity with key aspects such as: (i) 
reducing the carbon footprint by obtaining pre-formulated alloys, (ii) reducing the pressure resulting from 
the extraction of resources from natural stocks, (iii) enabling the guarantee of nearshoring resource 
supply, and (iv) reducing or eliminating the carbon content by commodities and finished product 
importing flows. The findings suggest that mineral fractions recover from anthropogenic stocks mitigate 
the impact of waste generation, especially in regions with high consumption levels, and some degree of 
products´ mass balance standardization can empower predictive urban mining techniques as 
sustainable sources of secondary materials. 
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Abstract 

The paper addresses the research question, “Is the irresponsible sourcing of critical energy transition 
minerals a self-defeating process?” by adopting a System Dynamics approach to investigate unintended 
consequences. The study explores the challenges posed by the extraction and use of critical energy 
transition minerals (ETMs), such as lithium, cobalt, and nickel, essential for renewable energy 
technologies like electric vehicles and wind turbines (Hund et al, 2023). While the transition to renewable 
energy is vital for climate neutrality, the environmentally damaging mining processes in ecologically 
sensitive regions, particularly in the Global South, risk exacerbating environmental degradation and 
undermining climate goals (Kara, 2023).  

Using interview and archival data, the study highlights systemic issues in the sourcing and consumption 
of ETMs. Resource-rich countries often exhibit weak institutional frameworks, leading to ecological 
neglect by artisanal, small-scale, and large-scale miners. Concurrently, markets for energy transition 
technologies show limited awareness of the environmental and social repercussions of mineral sourcing. 
These dynamics reflect a "fix that fails" archetype, where a short-term solution (renewable energy) 
inadvertently generates long-term problems (biodiversity loss, community displacement, and climate 
feedback loops) (Kim, & Anderson, 2011). This self-defeating process undermines both the climate crisis 
response and broader sustainability goals.  

While this paper represents work in progress, preliminary findings highlight that unintended 
consequences exist. The paper calls for responsible sourcing practices, supplier due diligence, and 
circular economy practices as foundational pillars for an equitable energy transition. Key policy 
recommendations include enhancing institutional capacity in resource-rich countries, enforcing 
environmental protection laws, promoting circular economy practices, and implementing stricter global 
standards for mineral extraction and trade. Further research is recommended to develop quantitative 
system dynamics models that identify leverage points for systemic change, integrating socio-technical, 
economic, and ecological dimensions.  

In conclusion, while the clean energy transition is critical, its reliance on intensive mineral extraction 
raises significant challenges that risk recreating or amplifying the climate crisis. Addressing these issues 
requires holistic governance strategies, stakeholder engagement, and the integration of systems thinking 
to identify solutions that align climate goals with sustainable development objectives. This study 
contributes to the literature by exposing multi-scale and cross-sectoral linkages within the energy 
transition system. Understanding these interconnections and interdependencies offers academics, 
policymakers, industry leaders, and consumers insights crucial for sustainable development. 
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Abstract 

As semiconductors have evolved into an integral part of modern societies, enabling wide range of 
applications from consumer goods to embedded systems, the environmental impacts caused by the 
semiconductor industry have become significant as well (Wang et al., 2023). Due to the alarming need to 
minimize the consequences of climate and environmental crisis, the industry must reduce its emissions 
effectively. Simultaneously, the semiconductor industry seeks to improve its resilience to avoid 
disruptions in supply chains to have a solid foundation for global competition (European Chips Act, 2024; 
CHIPS and Science Act, 2022). Circular economy has potential to reduce environmental impacts of 
semiconductor manufacturing as recycling and recovering materials decreases the need for extracting 
virgin materials, which also reduces external dependencies of the industry and improves resilience. 
Where greenhouse gas emissions of the semiconductor industry have gained more attention in the last 
years, little research has been done regarding the potential of circular practices. 

In this study, the focus was on circular practices in the semiconductor industry with the emphasis on 
material recovery. The impact of integrating material recovery processes in semiconductor 
manufacturing was assessed using the life cycle assessment (LCA) method. The objective of this study 
was to form a comprehensive view of industry’s current practices related to circularity, to have an 
overview of potential new solutions based on existing literature, and to analyze potential challenges and 
bottlenecks related to implementation of these new measures. 

As an example of potential circularity measures, the LCA case study compares traditional chemical 
mechanical polishing (CMP) process step during semiconductor manufacturing with an industrial test 
configuration where the CMP slurry is recycled. The LCA study follows the Product Environmental 
Footprint (PEF) and the EF 3.1 impact assessment method, while circularity hotspots are assessed 
applying well-known circularity indicators, such as the Circular Transition Indicators. Additionally, the 
role of circular solutions in material recovery within the semiconductor manufacturing is examined by 
analyzing sustainability reports of major semiconductor companies and making literature review of 
emerging methods for material recovery.  

Moreover, the results of this study are utilized for creating a circularity roadmap for the Finnish 
semiconductor industry, together with industrial actors. The opportunities and challenges identified aim 
to guide companies to improve their material efficiency, and to integrate principles of life cycle thinking.  
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Abstract 

Accurate greenhouse gas (GHG) emissions accounting is crucial for corporations to assess climate risks 
and opportunities. Significant advancements in carbon auditing frameworks, such as the 2021 revision of 
the GHG Protocol and improved enterprise-level tools, have emerged since 2013. This research revisits 
and expands upon a carbon audit framework tailored for Zimbabwean firms, reflecting evolving 
international climate agreements, national policies, and best practices. Analysis of updated data from six 
Zimbabwean corporations integrates hybrid life-cycle assessments and digital carbon management 
tools. 
 
Findings reveal persistent challenges in underreporting indirect emissions and limited adoption of 
comprehensive frameworks, alongside gaps in regulatory enforcement. However, trends in data-driven 
environmental management and increased corporate participation in global carbon markets offer 
promising avenues for improvement. The proposed updated carbon audit framework incorporates these 
advancements. Key features include enhanced reporting technologies, stakeholder collaboration, and 
alignment with Zimbabwean climate policies to support the nation's transition to a low-carbon economy. 
This framework aims to bridge the current gap in emission reporting, fostering greater transparency and 
facilitating meaningful emissions reductions within Zimbabwean corporations. 
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Abstract 

Amidst the rising demand for ‘transition minerals’ required for clean energy technologies, the deep-sea 
mining (DSM) commodity frontier is emerging in the Pacific Ocean. Presented under the ‘blue economy’ 
as a way to stimulate ‘blue growth’ and generate equitable economic and environmental benefits for 
Pacific Small Island Developing States (PSIDS), there has been growing commercial and state interest in 
extracting minerals from the deep sea. This paper elucidates the current strategies of capital 
accumulation through the case of the NORI-D project, sponsored by the Republic of Nauru and operated 
by The Metals Company (TMC), set to become the first commercial DSM project in the Pacific. Drawing 
from a world ecology approach, I argue that the blue economy agenda has facilitated the expansion of the 
DSM commodity frontier, under the current moment of green extractivism, by facilitating the conditions 
for profitability in the oceans through a permissive regulatory environment favouring corporate interests. 
Based on semi-structured interviews with stakeholders, I examine how TMC’s production strategies have 
centred around the green transition, geopolitics and development over the past decade where it has 
attempted to expand the DSM commodity frontier. In doing so, broader socio-ecological injustices of 
green extractivism are exposed which continue to develop through neo-colonial relationships. 
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Abstract 

Cities have been considered potential drivers and loci for sustainability progress. They have a dual role in 
solving and contributing to sustainability: the cities generate both problems and solutions to 
sustainability challenges (Bhatia et al 2024).  

While cities may play a proactive role in promoting sustainable policies and developing sociotechnical 
systems, urban life remains in many cases unsustainable, creating a substantial material footprint. 
Worldwide, the weight of cities is largely responsible for the increase in material and energy 
consumption, particularly as a result of the urbanisation of the world (Swilling et al., 2018). While cities 
cover only 2% of the world’s surface, they consume over 75% of its material resources (Venditti 2022). 

Critical metals are key to green technologies like electric vehicles and photovoltaics. However, many 
critical raw materials are not recycled due to low content in end-use equipment and techno-economic 
challenges for recovery. Cities, as hubs of reusable products and secondary materials, can play a major 
role in recirculating critical resources, supporting societal resilience, and reducing virgin material 
extraction. While cities   can set standards, provide incentives, and enforce regulations that encourage 
urban symbiosis, companies are instrumental in driving the innovation and business models necessary 
for a circular economy.  

Preview research (e.g. von Rennenberg, T. et al. 2024) emphasise urban mining as a potential solution to 
reduce criticality. Indeed, many raw material reduction strategies and policies focus on waste recycling, 
and less studies consider the reduction of the consumption by extending life cycles of critical raw 
material containing components and products.  

This work examines the role of  urban symbiosis for ensuring essential factors for the resilient and green 
transition. Urban symbiosis emphasises the value adding collaborative models, and resource 
dependencies between businesses, research, city organisation(s) and citizens. 

This work explores potential pathways for cities to mitigate raw material criticality  following Circular 
Economy principles. Both direct and indirect support actions are analysed starting from increasing the 
internal knowledge base to implementing financial instruments. By combining successive 
complementary actions, cities can support businesses in circular economy models reducing costs  and 
achieve the critical mass needed for economies of scale. Policy, business, and technology innovation are 
key to unlocking these opportunities. 

Three case studies in the built environment, E-mobility, and healthcare illustrate alternative 
transition pathways, offering toolsets to build collaborative ecosystems with city developers, 
businesses, and citizens. 
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Abstract 

While artisanal and small-scale mining (ASM) provides central revenue bases for communities in 
Gwanda, Zimbabwe, it also contributes to environmental degradation that poses serious threats to 
environmental children's rights. This research therefore investigates the intricate relationship between 
artisanal and small-scale mining (ASM) activities, livelihoods, and environmental child rights. Gwanda, is 
rich in mineral resources, making it a hub for ASM activities. ASM provides crucial income for many 
families, as it provides sustainable livelihood and economic development for the households. However 
environmental degradation results from ASM activities causing severe consequences for children, 
including increased exposure to pollutants, limited access to clean water and nutritious food, and 
disruptions to education. The nexus between ASM, livelihoods, and environmental child rights ensures 
development of effective interventions to mitigate the negative impacts of mining while supporting the 
economic needs of local communities. Research seeks to respond to how ASM contribute to the 
livelihoods of communities, environmental impacts of ASM activities in the region, effects the activities to 
children's environmental rights. The perspectives of miners, community members, and children regarding 
the environmental and social impacts of ASM and strategies for promoting sustainable ASM practices and 
protecting child rights in Gwanda. The research adopted mixed methods approaches, quantitatively 
analysing data on ASM activities, environmental indicators, and child health and education outcomes in 
Gwanda. Qualitatively conducting in-depth interviews with miners, community members, and children to 
gather their perspectives on ASM, its impacts, and their needs. Facilitated discussions with key 
stakeholders, including local authorities, mining companies, and civil society organizations, to identify 
potential solutions and best practices. The findings revealed the complex relationship between ASM, 
livelihoods, and environmental child rights in Gwanda. The research demonstrated that while ASM 
provides crucial income sources, it also leads to significant environmental challenges, including water 
pollution, deforestation, and soil erosion. These environmental impacts can have detrimental effects on 
children's health, limit their access to essential services, and disrupt their education. The study provided 
insights into the perspectives of different stakeholders and identified potential strategies for mitigating 
the negative impacts of ASM while supporting the economic needs of local communities. The study 
concludes by emphasizing the need for a multi-pronged approach that integrates community-based 
environmental management, sustainable mining practices, and child-focused interventions to ensure 
that ASM activities can contribute to poverty reduction while safeguarding the environment and 
protecting the rights of children. 
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Abstract 

The global transition to a low-carbon economy will heavily rely on the supply of critical materials. 
Currently, the issue of critical mineral supply shortages has garnered widespread attention[1]. The 
byproduct metals are facing more significant supply risk, given the dependence on their host metals. [2]. 
Therefore, exploring effective mitigation measures to ensure the sustainable supply of metals is crucial. 
One potential solution is to enhance the efficiency of metal smelting, processing, and recycling through 
technological innovation, thereby alleviating metal availability constraints [3].This paper focuses on 
indium, using material flow analysis and system dynamics methods to explore the impact of 
technological innovation on indium availability constraints under carbon-neutral goals in different 
countries. To this end, we have constructed a system dynamics model that integrates various factors, 
including host metals and byproduct metals, primary and secondary supply, metal trade flows between 
major countries, and technological innovation. Furthermore, from the perspective of the entire indium 
supply chain, we classified five categories of technologies—mining and smelting, manufacturing, 
material substitution, durability and low loss, and recycling—and set different technological innovation 
scenarios for different countries. The results show that the global energy transition will exacerbate the 
indium supply shortage, while technological innovation can effectively mitigate this dilemma. Japan’s 
technological innovations in waste recycling have been proven particularly effective, becoming a key 
factor in alleviating its supply bottleneck. In contrast, the United States and the European Union, through 
material substitution and durability-low loss technologies, reduce metal content and extend product 
lifecycles, but the impact is relatively limited. If the European Union further promotes innovations in 
recycling technologies, it could significantly improve its indium supply-demand ratio. Overall, whether it 
is Japan’s focus on recycling technology innovation or the technological innovations in the demand-side 
sectors of the U.S. and the EU, these approaches show higher sustainability and long-term effectiveness 
compared to China’s sole reliance on improving extraction efficiency on the supply side. The analytical 
framework developed in this study for technological innovation and its impact on indium availability 
constraints can also be applied to the study of the supply of other critical materials, providing theoretical 
support for global resource governance. 
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Abstract 

In 2022, buildings were responsible for 34 % global energy demand and 37 % of energy and process-
related carbon dioxide (CO2) emissions. Overall energy demand and emissions rose by about one per 
cent from 2021 (UNEP, 2024).  

In addition to the environmental impacts of the building sector, social aspects are also of relevance in 
terms of sustainability. In Italy, the construction sector is the second largest sector for work accidents 
(INAIL 2023), while it was the first one in terms of death accidents in the same year.  

The impact of the construction sector on sustainability includes all stages of its complex value chain, 
which includes planning and design, materials, logistics, construction, operation/maintenance, up to the 
end of life (e.g. demolition) (One planet network 2020).  

The project herewith presented aims at answering the following research question:  what is the 
sustainability impact of the value chain of a selected Italian building company?  

To answer this, the explored driver for change is the use of indicators and methods to monitor sustainable 
practices, more specifically focusing on quantifying the impact of suppliers’ activities on the three 
sustainability factors: Environment, Social and Governance (ESG).   

The approach used is to develop a rating system to assess the level of sustainability of suppliers, which 
constitute the building company’s value chain. More specifically, the author has developed a monitoring 
tool structured as follows: a guided survey, built on GRI standards that will be further updated to the ESRS 
equivalent standards (GRI, EFRAG 2023), to analyze specific aspects in the three key sectors: 
environment (e.g. energy, mobility), social (e.g. human capital) and governance (e.g. stakeholders). The 
survey is linked to an automated rating grid, where the surveyed elements are weighed depending on their 
expected impact on sustainability, and based on the suppliers’ main area of work (e.g. construction sites, 
products, services).   

The monitoring tool is going to be tested, in the coming months, in a pilot with suppliers of the selected 
Italian company. The tool will provide the company with an immediate overview of its supply chain’s 
sustainability level, expressed in percentage for each of the ESG aspects (see screenshot below as 
example).  

The results of the pilot ESG rating assessment will be presented at the conference, together with the 
finalized tool (web application). The tool is conceived to be easily adopted by other companies working in 
the building sector in different countries and, therefore, has a huge scalability potential.  
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Abstract 

This study evaluates waste recovery and recycling strategies for a circular economy transition at École 
Polytechnique’s restaurant (Institut Polytechnique de Paris) using the Multi-Criteria Decision-Making 
method, specifically the Analytic Hierarchy Process (AHP) [1-3]. Strategies considered include 
Composting, Food Waste Dehydration, Waste-to-Energy Technologies, and Advanced Waste Sorting 
Systems. Composting breaks down organic waste into compost for landscaping or agriculture. Food 
Waste Dehydration removes moisture to create dry products for animal feed or biofuel. Waste-to-Energy 
Technologies, such as anaerobic digestion, convert organic waste into energy. Advanced Waste Sorting 
Systems separate recyclables, compostables, and non-recyclables, improving recycling efficiency. 

To evaluate these strategies, the study considers ten key criteria, which includes specific subcriteria that 
were used to assess the overall effectiveness of the strategies.  

For instance, Environmental Impact is defined by the strategy’s ability to recover valuable resources 
(such as compost or biogas), reduce carbon emissions, and minimize waste volume. Economic Viability 
evaluates the financial feasibility of the strategies in terms of cost-effectiveness, return on investment 
(ROI), and job creation potential. Scalability and Flexibility refers to how well a strategy can adapt to 
different waste types, integrate with existing systems, and expand beyond the initial scale of 
implementation. The Social and Behavioral Impact criterion focuses on the strategy's potential to engage 
the community, raise awareness, and foster sustainable behaviors. Technological Feasibility assesses 
the maturity and reliability of each technology, as well as its maintenance requirements and innovative 
potential. Circularity and Material Flow measures the extent to which a strategy supports closed-loop 
systems, ensuring that materials are reused or recycled efficiently. Regulatory Compliance evaluates 
adherence to environmental regulations, while Social Equity and Inclusion looks at the inclusiveness of 
each strategy, ensuring equitable access to the benefits of waste management practices. Long-Term 
Resilience assesses the sustainability and ability of a strategy to remain effective under changing or 
adverse conditions. Finally, Health and Safety examines the potential health risks associated with each 
strategy, including hygiene and safety standards for waste handling. 

Using AHP, the study assigns weights to each criterion and evaluates strategy performance. Results show 
that Composting and Waste-to-Energy Technologies perform best, excelling in environmental impact and 
scalability while offering economic benefits. Food Waste Dehydration faces scalability challenges, and 
Advanced Waste Sorting Systems require significant community engagement for effectiveness. The study 
provides insights into selecting waste management strategies that align with circular economy principles 
and offers actionable recommendations for educational institutions to implement sustainable practices. 
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Abstract 

This paper brings forth a unique approach to the formalization and governance of the Artisanal and Small-
Scale Mining (ASM) sector in South Africa. Currently in the country, there are two distinct types of ASM. 
One type, Zama-Zama mining, is a syndicate-based, illegal and invasive form of mining. It is associated 
with illicit financial flows, human trafficking, human rights abuses and invasion of old abandoned gold 
mines. The second type is associated with community or traditional-based mining that is a subsistence 
type of mining. It is often practiced in areas that are semi-rural, rural or have traditional leadership. In the 
past year, a call for a distinction between the two main sub-categories in ASM has led to a need for an 
innovative approach to the formalization of the sector. The goal for this research work was to distinguish 
between the two categories and to determine how formalization and governance of the ASM sector can be 
approached in South Africa. Through literature review, interviews with stakeholders and fieldwork with 
artisanal miners the assertion is made that the way forward in formalizing the ASM sector in South Africa 
is through ‘Partial Formalization’. In this work we coin the term ‘Partial Formalization’ as the formalization 
of the informal customary mining sector which can lead to entrepreneurship, socio-economic 
development and poverty alleviation. By creating an avenue for formal participation in the ASM sector the 
research shows that exploited individuals participating in illegal mining as pawns at the base of the 
syndicate hierarchy would be willing to cross-over. The work also found that miners on the ground are 
already formalizing themselves into cooperatives and we call for Artisanal Mining Zones (AMZs) to be 
delineated for these miners. We also call for the Small-Scale Mining Directorate in the Department of 
Minerals and Energy to be capacitated through forming collaborative task teams with relevant 
stakeholders in the ASM sector. In conclusion, the unique status quo of ASM activities in South Africa 
requires an innovative and collaborative approach to formalize customary ASM and inherently create an 
avenue for the exploited illegal miners in Zama-Zama mining to form part of the formal economy.  
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Abstract 

As new construction is the second emission hotspot in the EU (Ramboll, BPIE, KU Leuven, 2023), adaptive 
reuse of buildings is key in order to reducing the overall environmental footprint of the building sector and 
achieving net zero targets. This contribution summarises the main findings of the ongoing TRIOMPH 
research project (transformation and reuse of buildings for the optimisation of the living spaces). This 
research is funded by the French Agency for Ecological Transition (ADEME) and coordinated by the French 
Scientific and Technical Centre for Construction (CSTB), with three main partners 
(Ekopolis, Territoire Circulaire, and Greater Paris Metropolis).  

This research focuses on three main solutions for adaptive reuse of buildings: reversibility (e.g. office 
buildings into office units), intensification of use (longer use over time and functional diversity) and new 
housing models (e.g. collective housing). The aim of the project is to identify the implementation potential 
for scaling up these solutions at national and local level and to develop adaptive reuse scenarios that 
meet housing needs. This will require the identification of criteria to determine the feasibility of these 
pathways in a multi-level perspective (from local to national), and the assessment of the impact of the 
solutions in terms of reduction of emissions, construction waste and land artificialisation.  

In the first stage of this research, 10 case studies are examined through semi-structured interviews with 
project owners. Based on the lessons learned from these case studies (in terms of replicability, number 
of dwellings produced, economic and social benefits), several types of scenarios will be  selected for the 
adaptive reuse potential analysis. After defining key scenarios, the next steps will be 
to identify their replicability at national level, based on the national building database, and to assess their 
potential impact.  

This paper discusses the results of these scenarios and the conditions for their implementation in terms 
of adaptation to local contexts and policy implications, with the aim of assisting policy makers and 
construction stakeholders.  
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Abstract 

GLOBAL SYNDROME AT THE LOCAL LEVEL: THE POLITICS OF ILLICIT FINANCIAL FLOWS IN GHANA’S 
ARTISANAL SMALL-SCALE GOLD MINING SECTOR. 

Abigail A. Tetteh Yankey, Fritz Brugger, and Fred Dzanku 

Illicit Financial Flows (IFFs) are often framed as a global challenge, overshadowing the intricate local 
dynamics that sustain such practices. This study examines the politics of IFFs in Ghana’s Artisanal and 
Small-Scale Gold Mining (ASGM) sector, focusing on mining fields, gold trading hubs, and regulatory 
frameworks in the Western, Ashanti, and Greater Accra Regions. The research investigates how local 
actors, institutions, and processes in both formal and informal sectors facilitate IFFs, identifies key 
challenges, and proposes strategies to strengthen governance and foster development. 

Using qualitative methods, including conceptual analysis and fieldwork, the study highlights the interplay 
between licit and illicit actors in the mining and gold trading networks. Key challenges identified include 
opaque land acquisition processes, bureaucratic inefficiencies in licensing and registration, and 
exploitation in the sale and use of mercury. Furthermore, the findings reveal a complex web of 
interactions involving local and foreign actors, enabled by structural and capacity weaknesses in 
regulatory institutions. These gaps provide fertile ground for illicit activities, undermining governance, 
distorting the economic benefits of gold mining, and exacerbating local inequities. 

The study proposes actionable recommendations to address these challenges. Strengthening community 
mining schemes is essential to promote collective responsibility and reduce reliance on illicit activities. 
Additionally, the research calls for enhanced bureaucratic and political commitment to reforms, 
including stricter enforcement of regulations, capacity building for oversight institutions, and improved 
transparency in licensing and trading. These measures aim to curb IFFs and align local practices with 
global standards while supporting sustainable development in Ghana’s ASGM sector. By bridging the 
global discourse on IFFs with localized realities, this research provided a nuanced understanding of the 
drivers of IFFs in the ASGM sector and offers practical interventions to mitigate their impact. 
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Abstract 

Deep Seabed Mining (DSM) in the Arctic, even when conducted within the jurisdiction of coastal states, 
can have global environmental consequences and can have tremendous impact on the seabed 
community affecting the biodiversity and the interactions among the marine species. Another significant 
concern is also the SDM potential to disturb sub-sea permafrost, leading to the release of methane, a 
potent greenhouse gas that contributes to climate change.[1] This raises critical questions: Is the current 
regulatory regime equipped to address such impacts? Should the regulation of DSM be solely the 
responsibility of coastal states, or does it demand international oversight and how could the legal 
framework be adapted? 

The impacts of DSM on the biodiversity and gas hydrates contained in permafrost on the deep seabed—
particularly on the continental slopes within coastal states' jurisdictions—underscore the need for a 
comprehensive regulatory approach. Disturbances from mining processes may exacerbate methane 
release and disrupt marine ecosystems,[2] presenting challenges to the principles of marine 
environmental protection under Article 192 of UNCLOS. Additionally, the potential global consequences 
of DSM-linked methane emissions necessitate a reexamination of whether existing frameworks 
sufficiently incorporate ecosystem management for climate change mitigation strategies. 

This article explores the adequacy of the current environmental regulatory frameworks governing DSM in 
the Arctic Ocean and the interplay with global and national level of governance in a cross-area and 
transdisciplinary approach. It evaluates whether international regulation should play a more prominent 
role in addressing these transboundary and global risks. Using Norway as a case study one of the first 
nations to initiate DSM activities—it analyzes the intersection of science, law, and policy, focusing on 
biology, geology, topography, and the multi-regulatory frameworks applicable in the Arctic. By doing so, 
conclusion will seek to illuminate pathways for improving regulatory responses to the environmental 
challenges posed by DSM. 

[1] Portnov. A. et al, “Offshore permafrost decay and massive seabed methane escape in water depths”, 
Geophysical Research Letters. Vol 2013 

[2]  Report “Unveiling life in the Arctic Abyss: Ocean Census Expedition Reveals Biodiversity Wonders at 
life’s extremes, Ocean Census, June 6, 2024, at https://oceandecade.org/news/unveiling-life-in-the-
arctic-abyss-ocean-census-expedition-reveals-biodiversity-wonders-at-lifes-extremes/  
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Abstract 

The transition to a net zero global economy is forecast to produce significant gaps between critical 
mineral demand and supply, and the IEA projects a 31% shortfall between the copper required to meet 
globally announced climate pledges and the existing pipeline of announced copper projects (IEA 2024). 
Thus, in the coming decades, critical mineral exploration will remain a necessary enabler of the energy 
transition by unlocking additional primary supply for electrification, alongside complementary efforts 
aimed at promoting sufficiency and circularity. Social acceptance is essential for exploration projects to 
reach production, as demonstrated by numerous recent examples around the globe of commercially 
viable mine sites failing to operate because of local opposition to mining (ex. protests in Serbia against 
the Jadar lithium mine). 

UNDERCOVER is a Horizon Europe project working to make mineral exploration more viable and 
responsible. The project will develop a range of innovative technologies in support of critical mineral 
exploration in deep-land deposits at case study sites in Finland, Portugal and Namibia. UNDERCOVER 
will also work to support exploration companies in the three case studies in securing a strong social 
license to operate, by including participatory research on the ESG aspects of each case study site. 

This presentation will provide an overview of the initial findings of a comparative study of community 
perceptions of mineral exploration across the project’s three geographically and socially diverse case 
study sites. The research question guiding the study is: what are the key determinants of social 
acceptance of mineral exploration, and how can community engagement practices by exploration 
companies support positive environmental and social outcomes? 

To answer these questions, the study will draw upon environmental and socio-economic data from the 
three UNDERCOVER case study sites, as well as interviews and focus group discussions with exploration 
companies and residents living around exploration sites. It will be argued that corporate conduct should 
reflect the unique local socio-environmental conditions and land uses of a given exploration site in order 
to secure effective social license to operate. 
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Abstract 

Climate change represents a challenge that requires a profound shift towards low-carbon energy 
technologies, associated with a substantial increase in Critical Raw Material (CRM) demand (IEA, 
2023). Energy system models (ESMs) have been instrumental in shaping energy and climate policies, 
offering critical insights into transformation pathways from a technological and economic 
perspective. However, while ESMs excel in optimizing costs, utility, and territorial greenhouse gas 
(GHG) emissions, they often fail to account for broader environmental impacts. Furthermore, their 
ability to endogenously represent material demand—particularly for critical and strategic raw 
materials—remains limited.  

Environmental life cycle assessment (LCA) is a complementary tool for evaluating the environmental 
performance of technologies and energy systems. When applied at national, regional, or 
global levels and integrated with ESM, LCA provides deeper insights into the supply chain-related 
impacts of energy transitions, particularly those related to CRM supply. It also captures life-cycle 
environmental externalities, helping to identify spatial burden shifts.   

Using Switzerland’s commitment to achieving net-zero domestic GHG emissions by 2050 (SFOE, 
2021) as a case study, we introduce a framework to assess resource demand and environmental 
impacts across four different future energy scenarios. To this end, we answer the 
research question ”What are the implications of achieving net-zero GHG emissions from a CRM 
supply perspective and the associated environmental burdens?”. Our work:  

1. estimates future demand for CRM under different technological pathways; 
2. evaluates the supply risks of CRM using state-of-the-art criticality indicators across various net-

zero trajectories; 
3. assesses the sensitivity of resource demand to material intensity factors, technological 

advancements, and market shares of emerging technologies; and, 
4. characterizes the impacts of such material demand on diverse environmental impact categories 

(e.g., ecotoxicity, human health). 

To achieve this, we developed a reproducible workflow (Hahn Menacho et al., 2024) that 
integrates prospective LCA with energy transition scenarios. This method allows us to track how 
environmental impacts evolve across different pathways, providing a dynamic perspective on the long-
term consequences of energy system changes. While our analysis centers on the Swiss energy system, 
the framework is adaptable to other contexts, providing a standardized method for global energy 
transition assessments.  



Our findings highlight the interconnectedness of CRM recycling within a circular economy, resource 
sufficiency, environmental sustainability, and energy policy, offering actionable insights for 
policymakers, researchers, and industry. These insights help to navigate the complex landscape of 
energy transitions, with an emphasis on data-driven, resource-conscious planning.  

Keywords 

life cycle assessment, LCA, critical raw materials, energy system analysis, decarbonization 

  



60 The use of an appropriate prototype gravity concentrator in artisanal and 
small-scale gold mining. 

Terence Garde 

Oxford Centre for Mission Studies, Oxford, United Kingdom 

Abstract 

The daily livelihood practices within artisanal and small-scale gold mining (ASGM) have social, economic, 
environmental, and governance impacts. Interventions towards their mitigation are difficult, including 
their production of gold without the use of mercury.  

Bosse Jønsson et al note that ‘the lack of a “silver bullet” solution to the “mercury problem” in ASGM 
saturates the debate. Nevertheless, commentators continue to look for ways to reduce the sector’s 
mercury-usage.’ Schmidt opines that any ‘efforts to lower mercury emissions should aim to support 
miners and their livelihoods by supplying access to better technology’. 

Finally, Toteu claims that ‘implementing the Minamata Convention, provide(s) an opportunity for research 
into mercury-free technologies, and training for ASM operators in reducing the negative health, safety and 
environmental consequences of their activities’ (Toteu 2017:12).  

Briefly, liquid mercury is placed in a bowl used for hand-panning, which amalgamates with free gold 
particles liberated from the host rock through crushing and milling, and the resulting paste is heated to 
vaporize the mercury.  These vapours are either breathed in by the miners, poisoning them, or condense 
into the nearby eco-system poisoning soils or water which flows into nearby streams, ponds or lakes. The 
remaining impure gold ‘bead’ is then sold to local dealers. 

The paper reports on research into a newly developed small gravity concentrator undergoing test work in 
Kenya, designed for use by artisanal gold miners. The research questions the appropriateness of this 
equipment within the constraints outlined above. It is a marketed as a ‘GoldKacha mini’ (miniGK) and 
replaces the tedious, inefficient, and labour-intensive work of sluicing, usually undertaken by women re-
treating dumps of gold tailings.  

After some weeks of field testing, the prototype miniGK has been warmly received by women. Based on 
their experience and tacit knowledge, they know that the recovery of gold particles has improved and that 
their income has correspondingly increased. This fulfils the livelihoods criteria noted above. 

The miniGK is an important stage in appropriately mechanizing the processing of gold ores and it is hoped 
that its cost can be kept low enough to allow women’s co-operatives or other local enterprises to own and 
operate the equipment themselves. The paper discusses these options. 

Alternative mercury-free methods are described in the paper and ongoing appropriate tests with the 
miniGK concentrates are reported upon. 
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Abstract 

The global transition towards resource sufficiency marks a new era in resource management, driven by 
rising demand, inefficient infrastructure, and environmental challenges. Ensuring resource sufficiency in 
urban water management has become a priority as cities face increasing water demand and resource 
depletion. The traditional dependence on freshwater sources is becoming unsustainable, leading cities to 
adopt innovative solutions such as wastewater treatment, rainwater harvesting, and demand 
management. These methods reduce water wastage and improve resilience by integrating water cycles 
within urban boundaries. Chandigarh, a planned city in northern India, exemplifies these challenges with 
its rising water demand and an over-dependence on groundwater, which currently supplies nearly 60% of 
the city's water needs. Recognized as the best urban local body for water management in 2022 by the 
Vice-President of India, Chandigarh experienced a rise in annual per capita water consumption from 
61.81 kiloliters in 2018-19 to 66.68 kiloliters in 2020-21, highlighting the urgent need for sustainable water 
governance. To address these issues, Chandigarh has launched a 24x7 water supply project in 2024 to 
reduce wastage, ensure equitable and uninterrupted supply, and foster efficient resource utilization. 
However, questions remain regarding the sociological and policy implications of this initiative. This 
research study evaluates the 24x7 water supply initiative in Chandigarh through three key perspectives: 
(1) behavioral changes among residents for water consumption, (2) governance challenges while 
achieving equitable access and financial sustainability, and (3) alignment with resource sufficiency and 
environmental sustainability. It employs a mixed-method approach, integrating primary data from 
surveys, interviews with residents and municipal officials, and secondary data from municipal records 
and policy documents. The initial findings of this study indicate that a continuous water supply can 
reduce storage-related wastage and enhance citizens' quality of life. However, the initiative’s success 
depends on efficient governance, necessary infrastructure improvements, and public awareness. The 
pilot study has identified issues such as uneven implementation and a lack of public trust, highlighting 
the need for robust policy frameworks and community engagement, innovative technologies, and 
effective inter-agency coordination to expand city-wide initiatives and promote sustainable urban water 
management. By linking local efforts to global sustainability framework, this research illustrates the 
potential of 24x7 water supply project in developing resilient and resource-efficient cities and offers 
practical recommendations for addressing challenges by replicating similar initiatives in other urban 
cities. 
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Abstract 

For decades, legacy-funding formats have failed to transform artisanal and small-scale mining as a 
development activity. At the World Bank’s 1995 roundtable on artisanal mining, the number of mining artisans 
was estimated at 6 million based on a sample of 16 major producers worldwide, compared to over 44 million 
today, and an ASM-dependent population estimated to 30 million in 1995 compared to circa 150 million today. 
ASM workers represented 20% of the global mining sector in 1995 compared to 90% today. According to the 
last ASM report published on September 2024 by the World Bank, the international community has funded 
more than 1 billion dollars US since 1980 to address ASM issue, while according to the latest SWISSAID gold 
report published in May 2024, each year, between 321 tonnes and 474 tonnes of gold produced through 
artisanal and small-scale mining (ASM) are not declared in Africa (corresponding to a value of between USD 
23.7 billion and USD 35 billion at the price of gold on 1 May 2024). The asymmetry between the informal and 
illegal economy of the SWISSAID report taken over a year, and the financing efforts of the International 
Community over more than 20 years, which have remained unproductive, prove sufficiently that an effective 
means to transform informal to formal in order to improve the life of artisanal miners and their communities 
has not yet been found. Successfully transforming Artisanal and Small-scale Mining community poverty into 
prosperity means reducing project risks at the national level to demonstrate economic viability that justifies 
additional investments to convince all stakeholders to participate and protect their assets and investment 
capital. The best way to do that is by launching a collaborative and creative financing framework that uses the 
strengths of the private and international financial institutions to free up the capital necessary to realize the 
project. Therefore, I design the Public Private Multilateral Partnership (PPMP) framework that reveals the 
possibilities to better finance and control ASM through de-risking investment. The objectives of de-risking 
projects are to make them more financeable by public, private and multilateral sector lenders or financiers to 
attract investors that can earn an acceptable “risk-adjusted” return. The more transparency that host 
governments can bring to ASM projects, the more comfortable and secure that lenders and investors will be in 
their support of the project. 
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Abstract 

Construction waste management in Peru faces significant challenges, including a lack of collection 
systems and inadequate disposal areas. In Lima, 30,000m³ of construction and demolition aste (C&D 
waste) are generated daily. These residues reduce wetland territorial limits, soil fragmentation, and 
erosion. On the other hand, the construction industry is a critical sector in the country, representing 6% of 
the GDP, generating both direct and indirect employment opportunities, and playing a vital role in 
improving infrastructure and housing. 

In this context, CICLO emerges as a sustainable solution to the country's environmental challenges in the 
construction sector. CICLO adopts an innovative and eco-friendly business model by collecting C&D 
waste and using it to manufacture eco-materials. 

The purpose of this abstract is to present the progress of implementing ISO 59014:2024 in CICLO. Given 
the growing market for recycled-based products, the company has identified the importance of adhering 
to high-quality standards, such as those promoted by ISO 59014:2024, focusing on the sustainability and 
traceability of secondary materials. To achieve this, a documentary review of the standard was 
conducted, supplemented by data obtained through direct observation of CICLO’s production processes, 
interviews with company personnel, and the analysis of records and documents related to various 
processes. 

According to the documentary review of ISO 59014, compliance with the standard was evaluated as 
follows: 54% in operational scope, 43% in organizational scope, and 0% in traceability. Additionally, this 
review yielded critical documents, including a material flow analysis identifying opportunities for material 
recovery (e.g., big bag packaging and wooden pallets), a list of attributes for recycled aggregates, a 
classification list of managed C&D waste, and a code of ethics for the value chain. 

The ISO 59014:2024 standard proves beneficial as it promotes dignified work for individuals involved in 
waste recovery, enhances the management of secondary materials in eco-material manufacturing, and 
optimizes material recovery processes. It also reduces environmental impact, improves occupational 
safety and health conditions, and boosts the company's competitiveness. 

Consequently, the full implementation of ISO 59014:2024 is expected to result in significant 
improvements in the efficiency of secondary material recovery within CICLO. Additionally, the quality of 
the produced eco-materials is anticipated to improve, thanks to optimized collection systems, 
methodologies, and staff training. Training is crucial to ensure proper application of the standard, 
guaranteeing understanding of the requirements and the correct execution of procedures. 
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Abstract 

Global mining activity is projected to increase in response to consumer demand and energy transition needs (IEA, 2021). The 
accessibility and interpretability of data in the mining sector is a key issue, as regulators, industry, and the public strive to assess 
mining projects in compliance with local and international standards. This research project aims to understand the documentary 
context of mining data to support more timely assessment by regulators. 

 
In the mining sector, there is a plethora of publicly-available information such as sustainability reports, 
proposal documents, and regulator assessments. However, researchers and regulators face challenges in 
reviewing this information due to the sheer volume of data. Scholars have questioned whether the 
increasing number of sustainability reports reflects genuine improvement in environmental 
practice (Vázquez-Burguete et al, 2024). Some companies and governments have also revisited historical 
data such as maps and handwritten field notes to assess the viability of reopening closed mines to extract 
critical energy transition minerals. 
 
Researchers, regulators, and the public face challenges in using mining data due to its high volume and 
format variability. In response to this challenge, our interdisciplinary research team has investigated the 
information landscape of mining governance to support the development of Natural Language Processing 
(NLP) and other machine learning tools to facilitate the assessment of public mining information. 
 
Through this project, we have reviewed hundreds of files from a variety of public sources that showcase 
the diversity of mining-related information and expose challenges in analysis. The presentation will 
describe the information landscape of the mining sector, especially in the Canadian regulatory context, 
with insights from the discipline of information sciences. The presentation will also showcase the team’s 
information system, address the challenges in accessing and analyzing this wide variety of information, 
and will share preliminary findings in developing machine learning tools to address these challenges. 
 
While this research is preliminary, it reflects a clear need in the field for tools to handle the volume of data 
generated by the mining sector, to ensure the effective implementation of standards. It provides direction 
for future research that can ensure multilateral environmental governance by making technical and 
financial information accessible to government, researchers, and the general public through innovative 
digital tools such as NLP. Lessons can be drawn out to support similar research in other sectors such as 
agriculture and commerce. 
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Abstract 

Climate change introduces a range of environmental risks to mining supply chains, potentially disrupting 
operations and threatening long-term resource availability (Odell et al., 2018). Ensuring a consistent 
supply of transition minerals is vital for meeting the growing demand for green technologies (Calderon et 
al., 2020), however, the effect of future climate change on these supply chains has not been adequately 
assessed.  

This study applies novel spatial analyses to assess past and future climate hazards to transition mineral 
supply chains in Australia. A key component of the research is the integration of high-resolution historical 
and future climate data with comprehensive mine site operational data. The climate hazards analysed 
reflect key risks previously identified by the mining industry, such as water scarcity (e.g. drought), flooding 
(e.g. changes in precipitation), and bushfire risk (e.g. increases in temperature). To contextualise future 
risks, we assessed historical climate events and their impacts on mine production across the 20th and 21st 
centuries. This assessment reveals patterns of supply chain disruption are associated with the 
spatiotemporal co-occurrence of specific climate events. Such patterns are then compared with 
projected climate scenarios to evaluate how future environmental hazards might impact mine 
production. The model represents a replicable and scalable method of mining climate hazard analysis. 

Findings reveal that regions of transition mineral production in Australia may face climate extremes by 
2040, similar to those that have previously caused significant production declines. Historically, fires, 
floods, droughts, and storms have disrupted mine production and mineral supply chains across the 
country. Our research estimates that at least 20% of copper, nickel, and lithium mine sites in Australia 
will experience an increase in these climate hazards by 2040. This has implications at multiple levels, 
including the operation of individual mine sites, the availability of minerals for green energy technologies, 
and the stability of global supply chains. The climate hazards analysed here highlight broader risks to 
global supply chains, and our research approach can be replicated for mine sites worldwide. 

The ability to correlate historical production trends with future hazard predictions provides a unique 
perspective on how resource sufficiency might be affected under evolving climatic conditions. The 
methodologies developed are not only applicable within Australia but also adaptable to mining 
operations globally, supporting sustainable resource strategies and the advancement of a resilient mining 
industry. 
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Abstract 

The need for Circular Economy (CE) frameworks applicable outside of high-income regions is imperative 
for a global-level implementation of circular strategies. These can help fill gaps in practical company-
level guidelines for transforming business operations across key economic sectors such as the extractive 
sector. For effective implementation and monitoring of CE strategies at the business/industry levels, 
companies must count on tools tailored to their respective context and align with the national strategies 
(Holly et al., 2024). However, regionally or sectorally tailored instruments with a systemic and holistic 
approach that could guide CE progress (Robinson, 2022) at a micro level (i.e. product and firm) are 
generally lacking (Lieder and Rashid, 2016).  

Therefore, our goal was to develop a Circular Design Model (CDM) tailored to Colombia but applicable to 
other countries in the Latin America and the Caribbean (LAC) region. The development of the model was 
carried out by adapting the design process of the industrial design methodology and selecting Circular 
Design (CD) approaches relevant for the extractive sector. Through the adaptation of CD, the CDM 
supports companies in diagnosing their performance, identifying and evaluating circular opportunities, 
and communicating their CE action plans and strategies. The model was tested and refined through a 
participatory co-creation process involving five companies of the Colombian Oil and Gas sector. The 
findings demonstrate the model’s effectiveness in analyzing material, water, and energy flows and social 
aspects, ideating circular initiatives (between 7-50 initiatives per company), and fostering collaboration 
among stakeholders. After the CDM application the companies have created Circular Economy 
Programs, started implementing the initiatives that were prioritized by the model, and have been 
communicating its CE commitment through their sustainability reports. The CDM serves as a 
foundational framework for enhancing circular practices within Colombia and offers insights for future 
adaptations across the LAC region. 
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Abstract 

There are widespread concerns that mineral supply chains may not scale fast enough to meet the rapid 
deployment of renewable energy technologies required to decarbonise the global economy. Hindering 
understanding is a lack of clear analysis and easily accessible information. Advances in modelling and 
datasets are necessary, but not enough to address these challenges. Perhaps more important is how 
accessible, discoverable and intuitive the data and information on this topic can be made. This 
presentation outlines advances we are making in the models, the datasets, and the web platforms 
available for interrogating, understanding and using scenarios for the future of energy transition mineral 
supply. 

The Primary Exploration, Mining and Metal Supply Scenario (PEMMSS) model has been developed to 
provide improved understanding of the factors governing scenarios for future mineral supply. It is an 
open-source, bottom-up scenario modelling framework that takes detailed mine-by-mine, deposit-by-
deposit data and combines that with rich regional geological information. Both brownfield resource 
expansion and greenfield discovery of new deposits are incorporated into the model. The model 
preserves uncertainty relationships for relationships governing mine development and supply potential, 
using this to stochastically model cohorts of mines and the path-dependency of future mineral supply 
required to meet long-term primary commodity demand trajectories. 

Initial applications of the PEMMSS model for commodities such as copper and nickel are revealing rich 
insights. Mine development and closure overtime under different energy transition scenarios have been 
modelled, with the results being highly sensitive to future exploration outcomes. We are also beginning to 
evaluate the potential pressure that this mineral supply may have on regions with high biodiversity 
conservation value. Using this approach to understand how adaptive the mineral supply chain is to 
external shocks or new entrants to the market, and the degree of additional environmental burden these 
may cause. We are also modelling the long-term implications of key policy decisions using this approach. 

Alongside this, we are developing a new online platform to improve the accessibility of scenario results. 
This online platform is being developed through a consultative and iterative user experience and interface 
(UX/UI) design process. We have been conducting guided interviews with stakeholders to the mineral 
sector to understand the types of data they value and the best ways for them to interact with or explore 
the rich datasets and scenario models that we are preparing. We view making results accessible as just 
as important as the modelling itself. 
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Abstract 

Policymakers need actionable and effective approaches to further develop and strengthen the circular 
economy. Therefore, this research shows how circular economy actions can be bundled and prioritized in 
Germany to achieve high socio-ecological benefits globally. Circular economy preserves values and 
functions of materials and associated systems and, thus, minimizes emissions and material losses. 

The study proposes objectives of a circular economy at three levels (fundamental, strategic, specific) and 
summarizes relevant and available indicators to measure them. 15 levers that contribute significantly to 
the fundamental objective of a good life for all within planetary boundaries have been identified from four 
perspectives: materials, production, products, needs. For example, urban mining, improving the quality 
of recycling, optimizing product life cycles but also addressing changes in consumption patterns, 
securing critical raw materials and waste heat recovery are promising levers. Their potential was 
assessed based on available modeling results, on results of expert workshops and reviews and on 
recognized circularity heuristics such as the 10R strategies.  

To operationalize these levers, specific instrument mixes were proposed for three socio-technical 
systems. Recommendations for circular ‘Construction and Housing’ unite nine out of the 15 levers and 
contribute to all fundamental objectives. Core finding is that construction in existing buildings is crucial. 
Raw material consumption is reduced not only by avoiding new replacement buildings, but also by saving 
fossil fuels through energy efficient buildings and decarbonized heating systems. The use of renewable 
energy and of waste heat is not only indicated from a climate change mitigation, but also from a 
circularity perspective. 

In addition, reducing floor space consumption is a major lever for reducing environmental impacts of 
construction and operation of buildings. This can be achieved through voluntary measures such as 
guaranteed cost-neutral and needs-based reduction of living space. 

Where construction is still necessary, secondary materials should be prioritized. End-of-life material 
management should give preference to reuse over recycling and phase out hazardous substances. Where 
secondary materials are unavailable or inapplicable, responsibly sourced bio-based products should be 
used. Efficient urban mining strategies and cadasters are required to give planers access to the 
anthropogenic stocks. Circular architecture does not develop drafts from scratch, but based on available 
secondary materials. 

Finally, all construction products must be circular by design, meaning that in addition to a high recycled 
content, they should be de- and reassemblable, separable by type and durable. This can be encouraged 
by the implementation of extended producer responsibility. 
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Abstract 

Cities, the epicenters of urban development, account for 70% of global carbon emissions, with the 
building sector being one of the prime contributors (UNEP, 2024). Cities, especially in India, are unique 
representations of its cultural, social, and economic norms with differently paced growth and future 
aspirations. Through dynamic material flow and market behavior modeling of Construction & Demolition 
(C&D) waste management in Indian cities, we derived that merely focusing on the expansion of recycling 
infrastructure might not suffice to achieve a Circular Economy (CE) in the construction sector. Developing 
on that premise, this study intends to explore the other strategies of C&D waste management, 
implementable at the city scale, that can help achieve material circularity in a holistic and more 
resource-efficient manner. Additionally, an easy-to-use, user-friendly support platform, ‘City-level C&D 
Waste Management Guiding Tool’, is also developed as a guiding framework to help Urban Local Bodies 
to diversify their C&D waste management framework and make it more circular by 2050.  

The tool development adopts a system-oriented approach and incorporates region-specific inputs such 
as temporal change in city population, per capita floor area, building structure type, to provide contextual 
solutions to the user. The tool broadens the present national discourse on C&D waste management and 
integrates the framework of CE integrated with Life Cycle Thinking approach by promoting Reduce and 
Reuse measures through Design for Disassembly initiative in building design and planning stage and 
Adaptive Resue in buildings use and pre-demolition stage. The tool framework is established on the waste 
management hierarchy where the C&D waste reduce and reuse are prioritized over recycling (EC, 2024). 
The outcomes of this tool suggest the application of CE measures at three intensity levels: fierce 
(implementable on the entire applicable building stock), moderate (implementable on half of the 
applicable building stock), and mild (implementable on a quarter of the applicable building stock) for a 
given year. The resulting nine strategies thus proposed by the tool can help ULBs in designing flexible yet 
robust C&D waste management plans in their region. 

Such a unified effort across the cities nationwide can help India attain the C&D waste management goals 
in a holistic manner. Overall, this study can contribute towards data-driven policy development in India 
and is also highly relevant for the emerging countries of the Global South, which play a vital role in 
shaping the global environmental impact.  
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Abstract 

The surge in demand for metals essential for the energy transition, such as for electric vehicle batteries, 
has pointed the spotlight on deep-sea mining, mainly the extraction of polymetallic nodules, as a 
potential feasible substitute for traditional land-based mining. These nodules, found on the deep ocean 
floor's abyssal plains at 4 to 6 km depth, serve as deposits of metals such as nickel, cobalt, and 
manganese, offering potential to alleviate the burgeoning pressures on terrestrial metal resources. 
Nevertheless, extraction would have significant environmental uncertainties, reinforcing the need to 
investigate its environmental ramifications thoroughly before commercial operations begin. The life cycle 
assessment (LCA) conducted in this study encompasses the whole operational lifespan of deep-sea 
mining projects, from the extraction of nodules from the seabed to their processing in preparation for 
metal separation and refining (cradle to gate). The assessment systematically considers the 
environmental impact of equipment manufacture and operation for nodule collection, vertical transport 
system, mining support vessels, and subsequent surface transportation systems (transhipment and 
train). This assessment also explores the implications of both centralized and decentralized production 
facilities, comparing the emissions from varying electricity mixes and shipping distances and different 
refining methods. To quantify environmental impacts, a functional unit of 1 tonne of polymetallic nodules 
(basket of products) is used. This study aims to quantify the sustainability landscape of deep-sea mining, 
contrasting the critical demand for metals from nodules against the environmental implications of 
terrestrial mining, enabling informed discussions and decision-making about the legal frameworks and 
operational practices of deep-sea mining projects, ensuring a balance between technical progress and 
environmental protection by understanding the hotspot from each stage of the life cycle. 
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Abstract 

The global crises of resource scarcity, social inequality, and environmental degradation demand scalable 
solutions within ecological limits. The USE-IT Waste Beneficiation Model exemplifies how circular 
economy principles can address these challenges in the consumer and industrial goods sectors. This 
paper explores the transformative impact of USE-IT’s initiatives within the eThekwini Municipality, South 
Africa, emphasizing its scalability and replication potential in emerging economies. 

USE-IT integrates waste valorization, social upliftment, and environmental stewardship, by supporting 
waste reclaimers, recyclers, and Small-Medium Enterprises in the waste economy in diverting waste from 
landfills. Over three years, USE-IT facilitated the recycling of over 3,188 tonnes of waste, mitigating 5,395 
tonnes of CO2-equivalent emissions. Notable projects include: 

1. Incubating a recycling start-up employing 16 full-time staff and diverting 40 tonnes of waste 
monthly. 

2.  Supporting a start-up converting organic waste into compost and animal feed via shipping 
containers, enabled by USE-IT’s waste license. 

3. Collaborating with informal reclaimers, providing USD 580,000 in stipends to 165 reclaimers over 
two years, along with business training and operational support. 

USE-IT’s activities have created a prolific triple-bottom-line impact: 

1. Economic: Direct and indirect employment opportunities have been created, especially for 
women and youth improving livelihoods and economic resilience via the informal waste economy. 

2. Social: By fostering pride and inclusivity, the program has reshaped perceptions of waste 
management and empowered local communities. The training provided to waste reclaimers and 
the regular income provides a platform for upskilling and entrepreneurship.  

3. Environmental: The program aligns with global frameworks like C40 Cities, reducing pollution 
and greenhouse gas emissions. 

USE-IT enhances operational transparency and efficiency through a mobile app that tracks waste 
collection and attendance. It supports infrastructure growth via buy-back centers and training for 
community-led waste management. Public-private partnerships and local resource mobilization 
strengthen systems for urban waste solutions. 

Scalability and Replicability 
The USE-IT model’s modular design and cost-effective practices form the backbone of its circular 
business approach. It fosters public-private partnerships, offering a blueprint for waste valorization 
adaptable to diverse socio-economic contexts. This makes it a compelling solution for regions grappling 
with urbanization, unemployment, and overburdened waste infrastructure. 

This paper advocates global replication of the USE-IT model to accelerate the circular economy transition 
while addressing socio-environmental challenges. The model demonstrates how economic support can 



achieve multifaceted benefits: mitigating environmental impacts, uplifting marginalized populations, and 
fostering sustainable development. 
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Abstract 

Despite Ghana's global recognition for its democratic achievements and leadership in gold production, 
the country remains vulnerable to Illicit Financial Flows (IFFs) within its extractive sector, particularly in 
gold, oil, bauxite, and manganese. These IFFs pose significant risks to Ghana's economic sustainability, 
as they exacerbate capital flight, corruption, and revenue shortfalls. This paper investigates the structural 
and governance challenges that foster the persistence of IFFs, highlighting weak regulatory frameworks, 
insufficient transparency, and the centralization of political power. Using a mixed-method approach and 
political economy analysis, it explores stakeholders' awareness of IFFs and identifies critical risks, such 
as reduced foreign investment, mounting national debt, and diminished government revenues. In 
conclusion, the paper underscores the urgency of robust governance reforms, stronger anti-corruption 
measures, and enhanced enforcement mechanisms to curb IFFs and promote sustainable development 
in Ghana's extractive sector. 
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Abstract 

There is a common perception in the mining sector that operational issues can be solved using financial 
means and an effective science and technology approach. Yet, mining operations have environmental, 
social and economic implications. The extraction of raw materials and their global supply chains affect 
economic and political interests and shape concerns and perceptions of employees and communities. 
Hence, they should be considered holistically from an ethical perspective.  

Ethics is a system of moral principles that deal with human actions and influence human behavior. Mining 
professionals operate within a tense field between technical feasibility, economic viability, legal 
protection, ecological and social responsibility, and human convictions, behavior, and expectations. The 
professionals need to move beyond the traditional approach of finding only technical or economic 
solutions to problems. They need to adopt a more socially oriented approach to meet the future 
challenges of a more complex mining world. Such a future path begins with their university education. 

Traditional university education in mining lacks the teaching of basic ethical knowledge that enables 
future professionals to recognize and assess ethically questionable situations and to form resilient 
judgments. This project produces digital and interactive educational resources and virtual excursions as 
a new digital standard for higher mining education. Current challenges in mining will be addressed 
innovatively: classical paper-based teaching materials are combined with digital materials and 
transformed into a pedagogically and didactically coherent e-textbook for integrative classroom use 
(Lottermoser & Schmidt 2024). This e-book integrates theoretical concepts with ethical challenges that 
mining professionals face (including human rights violations, artificial intelligence, digitalization, equal 
opportunity, sexual harassment, workplace health and safety, greenwashing, greenhushing, 
greenshaming, fake news, environmental concerns, mining journalism, literacy skills, movies and 
mining). In addition, world-renowned mining sites are curated as case studies with virtual excursions for 
ethical considerations. For example, the Hambach Forest has become an international symbol of 
resistance to lignite mining in Germany. Through active protest, environmental activists have succeeded 
in preserving parts of the forest and influencing mining plans. Although the conflict may appear to involve 
only environmental activists and the mining company, it encompassed a more extensive array of interest 
groups, with each having pursued their very own beliefs, actions and aspirations. The developed digital 
media and innovative educational resources aim to equip future resource professionals with the much-
needed knowledge to deal with ethical issues in the mining sector. 
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Abstract 

Batteries are a key technology in transitioning the energy and mobility sectors away from fossil fuels. 
However, their expanding use relies on rapidly mining and managing vast quantities of battery minerals 
and materials – including those containing lithium, nickel, copper, cobalt, vanadium and graphite. 
Sourcing raw materials responsibly and in support of a circular economy is a formidable challenge – for 
policy, industry and communities – and must be underpinned by trusted data, including from life cycle 
assessment. 

This paper presents the final results from multi-year research undertaken with government and industry 
partners by several Australian universities in the Future Battery Industries Cooperative Research Centre 
which explored this challenge. 

The research approach included site-visits to industry, stakeholder workshops and interviews, modelling 
and analysis informed by primary and secondary data. 

Findings included a comprehensive mapping of drivers, barriers and reporting requirements for 
responsible sourcing initiatives; assessing mechanisms and the maturity of supply chain traceability 
(including geochemical verification of battery mineral ores); life cycle assessment in a range of contexts 
from comparing lithium carbonate production from sedimentary deposits, to comparing mining and 
refining technologies, to slag recycling for copper, to the projected improvement in environmental 
performance over the decade ahead through greater uptake of voluntary sustainability initiatives. 

Overall results and future directions for a fair and sustainable futures are discussed in light of an evolving 
global sustainability and geopolitical landscape and with respect to the Australian Government’s recently 
released Circular Economy Framework with its goal to double the circularity rate in the Australian 
Economy by 2035. 
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Abstract 

Artisanal and small-scale mining (ASM) plays a vital role in the global supply chain by providing essential 
minerals and supporting local economies. Although often overlooked, ASM is a significant contributor to 
the global supply of critical minerals and several other types of minerals. While not all critical minerals 
can be easily obtained through ASM, there is potential for ASM to take on a greater role in sourcing these 
important materials[1]. However, the sector faces a myriad of challenges, including insufficient 
geological information, and an absence of legal frameworks for regulating exploration projects. Additional 
issues encompass inadequate health, safety, and environmental practices, outdated equipment, limited 
technical knowledge in mining and mineral processing, poor waste disposal methods, and weak 
traceability and responsible mining practices[2]. Furthermore, the sector is hindered by unstable pricing, 
insufficient government policies, and significant skills gaps in sustainable mining practices. 

In developing countries endowed with mineral resources, there is a growing acknowledgment of the 
paradox of poverty amidst abundance. Once regarded as a mere poverty-driven activity, ASM is now 
recognized as a potential strategy for poverty alleviation and a significant employment generator, 
warranting support alongside large-scale mining ventures. The recognition of ASM's potential role in 
supplying essential materials for the low-carbon transition brings both opportunities and challenges, 
influencing economic, social, and environmental outcomes across various regions[3]. As the emphasis 
on sustainable sourcing intensifies, understanding ASM's contributions becomes increasingly pertinent in 
discussions of responsible resource management. 

Research Questions  

1. Which critical minerals can be effectively sourced through ASM, and what are the barriers to their 
extraction? 

2. What are the socio-economic benefits of ASM in resource-rich developing countries, and what 
challenges does it face in achieving these goals? 

3. What are the existing certification standards for ASM, and how effective are they in promoting 
responsible sourcing and improving socio-environmental outcomes? 

4. In what ways can the formalization and regulation of ASM enhance its role in the low-carbon 
transition while mitigating negative social and environmental impacts? 

Approach  

This study employs a mixed-methods approach, utilizing case studies and stakeholder interviews to 
explore ASM's socio-economic impacts and the effectiveness of existing certification standards in 
promoting responsible sourcing practices 

Results  

We anticipate identifying key benefits of ASM for local communities, alongside critical insights into the 
effectiveness of current standards and certifications in enhancing sustainable supply chains. 



Conclusion  

The findings will inform policymakers and industry stakeholders about the importance of ASM and the 
need for improved standards to ensure responsible sourcing and equitable benefits for mining 
communities. 

[1] https://www.iisd.org/system/files/2024-12/artisanal-small-scale-mining-critical-minerals.pdf                      

[2] https://www.saimm.co.za/Conferences/BM2015/045-Rupprecht.pdf 

[3]https://www.sciencedirect.com/science/article/pii/S1462901123002125?ref=pdf_download&fr=RR-2&rr=901bfa4f0f6595f8 
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Abstract 

Cadmium (Cd) is primarily produced as a by-product of zinc (Zn) mining and is used in a range of 
important applications, including solar cells, battery storage, alloys, pigments, plating, and nuclear 
reactors. Despite these commercial uses, Cd is also a regulated toxic substance with a long history of 
adverse environmental and health effects. These toxicity concerns have led to a gradual phase out of Cd 
in many applications outside the solar energy sector. Given an anticipated overall increase in both Zn and 
Cd mining to support the global energy transition, it is essential to determine whether Cd is a resource or 
a pollutant. This may have significant implications for global metal supply chains and environmental 
management.  

In this presentation, we introduce a new global, site-specific database and analysis of Cd resources 
within Zn-bearing mineral deposits and mines. Our database, which surpasses previous Cd studies in 
terms of scope, transparency, and replicability, is made publicly available to support future assessments 
of Cd and Zn resources, mining activities, and related risks. It includes data from 927 sites with 
comprehensive geological information. These sites collectively suggest a global Cd resource estimate of 
3.3 million tonnes (95% confidence interval: 2.7 – 6.1 million tonnes). This new estimate significantly 
constrains the global resource compared to past literature (1-100 million tonnes).  

Additionally, we conducted a geospatial analysis of the sites in our database, incorporating mine toxicity 
hazard indicators. The analysis reveals that: 

• Approximately 3.27 million people live within 10 km of sites containing Cd resources, 
• About 31% of the world’s Cd resources are located within 20 km of protected areas designated by 

the International Union for Conservation of Nature (IUCN), 
• Around 28% of the Cd mobilized annually by mining comes from areas with seasonal or 

permanent surface water cover. 

Compounding these aspects, we find that approximately 27% of global Cd resources are in countries that 
do not refine it, underscoring the need for further research into global Cd trade flows and associated 
emissions. Heavy metal pollution in mining and metal production areas remains a persistent challenge, 
and our global dataset enhances our understanding of its scale and distribution.  
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Abstract 

The transition to a circular economy (CE) is essential to address environmental challenges while 
decoupling economic growth from resource degradation. 

This paper explores the systemic role of quality infrastructure (QI) in promoting the circular economy in 
Latin America and the Caribbean (LAC). In this context, QI refers to an infrastructure of metrology, 
standardisation, accreditation, conformity assessment and market surveillance that facilitates the 
development of reliable, comparable and traceable data to improve the quality of processes and 
products. 

 Using Social Network Analysis (SNA), the study examines the collaborative and innovative relationships 
established within the Quality Infrastructure for the Circular Economy (QI4CE) project, which was 
implemented from 2019 to 2024. 

The study's empirical basis is the QI4CE project, implemented by the Physikalisch-Technische 
Bundesanstalt (PTB) in partnership with the Organisation of American States (OAS), regional QI 
organisations (COPANT, IAAC and SIM) and national institutes and co-funded by the German Federal 
Ministry for Economic Cooperation and Development (BMZ). This initiative strengthened regional 
cooperation and technical expertise to develop innovative QI services tailored to CE needs, including 
standards, traceable measurements, laboratory testing, inspection and certification. 

Applying SNA in this research provided critical insights into the interaction dynamics between QI and CE 
actors. The analysis identified key actors and collaborations, visualised the intensity and diversity of 
linkages across sectors, and highlighted areas requiring greater integration. By mapping these networks, 
the study provided evidence of how knowledge-sharing and partnerships evolve to support sustainable 
innovation and services. 

Our findings show that strategic cross-sectoral cooperation between QI and CE actors significantly 
promotes sustainable innovations and services. We present examples of regional knowledge-sharing 
projects and the development of sector-specific standards from different economic sectors, such as 
plastics, construction materials and food. In addition, awareness-raising campaigns have increased 
recognition of the critical role of QI in CE policy and practice. 

 Key findings highlight how a systemic approach, rooted in capacity building, enables QI institutions to 
drive the transition to circularity. Insights from QI4CE underscore the importance of integrating QI into CE 
strategies at national and regional levels, particularly in creating technical frameworks for resource-
efficient production and consumption. 



 This paper provides actionable recommendations for fostering systemic collaboration, bridging technical 
and policy efforts, and scaling up innovations to achieve a sustainable circular economy in Latin America 
and the Caribbean. Our research highlights the potential of using QI as a cornerstone for resilience and 
sustainability in regional CE initiatives aligning with the SDGs. 
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Abstract 

Global production and disposal of electrical and electronic equipment (EEE) has been increasing rapidly 
throughout the last decade. Electronic products, such as mobile phones, laptops, or home appliances, 
contain significant amounts of plastic, accounting for over one-third of their composition. The growing 
volume of e-waste and its plastic components threatens planetary boundaries, particularly due to 
improper treatment and disposal. Once reduction and life measures are exploited, recycling of e-plastics 
is crucial to keep materials in the loop, thereby mitigating adverse effects. However, the wide variety of 
polymers and additives used in EEE, hazardous materials/substances within e-plastics, and poor 
traceability throughout the sector make recycling plastics in EEE challenging. Consequently, recycled 
materials comprise only 3% of plastics used in EEE production in the EU.  
 
The INCREACE project, funded under EU Horizon Europe, brings together stakeholders along the plastic 
recycling value chain to develop systemic solutions that boost recycling and the uptake of recycled 
plastics in EEE products. The project investigates advanced mechanical, solvent-based, and chemical 
recycling routes for various WEEE sources, aiming to produce high-quality recyclates that are suitable to 
substitute virgin plastics in electronic devices. Despite the potential of these innovative technologies to 
provide high-quality recyclates, their environmental impact and economic feasibility remain poorly 
documented.   

 In INCREACE, our work addresses this knowledge gap. We conduct integrated environmental (LCA) and 
economic (LCC) assessments of advanced recycling methods for producing high-quality recyclates. 
Through five business cases, we examine key sector challenges and demonstrate how advanced 
mechanical, chemical, and solvent-based recycling can be combined to maximize high-quality recyclate 
yields in the EU EEE sector. Our analysis focuses on the economic and environmental implications of 
producing recycled polypropylene (PP), acrylonitrile butadiene styrene (ABS), and PC/ABS blends for 
demanding applications, including food-contact products, medical devices, and items requiring 
electrostatic discharge and flame-retardant properties. Our results identify environmental advantages 
and cost barriers throughout the recycling value chain, revealing key trade-offs between environmental 
benefits and recycling costs. The findings provide policy recommendations by demonstrating the 
conditions under which recycled plastics from WEEE exhibit the highest environmental benefits and can 
compete economically with virgin material. 
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Abstract 

This study examines the role of lead firms in adopting standards for decarbonizing the concrete and 
cement industry, focusing on the economic, innovation management, and institutional dynamics critical 
for the diffusion of eco-innovative low-carbon cement technologies in two standard-taking countries in 
the Global South: Mexico and Colombia. 

Concrete production accounts for 6–8% of global CO₂ emissions, a figure projected to rise by 12–23% by 
2050 due to rapid urbanization in the Global South. Originating in standard-making countries like the US, 
performance-based standards (PBS) promote material sustainability across the concrete and cement 
value chains, which collectively contribute to 33% of the industry’s emissions. Specifically, PBS enable 
reductions in clinker ratios, achieving an estimated 11% decrease in CO₂ emissions, and encourage the 
use of supplementary cementitious materials (SCM)—key components of net-zero roadmaps in this high-
emitting industry – Cement (GCCA, 2022). By driving technological shifts toward low-carbon cement and 
concrete blends, PBS play a crucial role in diffusing eco-innovations. 

Lead firms exert significant influence among upstream and downstream actors, as well as on decision-
making bodies that govern the local (national-level) adoption of PBS standards. Their perceptions of and 
responses to new technology-associated risks, market demand, and potential incentives are pivotal in 
shaping PBS adoption. Additionally, the institutional context—such as local policies and climate 
mandates—plays a critical role in either supporting or discouraging lead firms' decisions to adopt PBS. 

Using semi-structured interviews and document analysis, this study contributes to the literature on the 
interplay between eco-innovation and standardization in the Global South’s cement industries. By 
analyzing the dynamics of PBS policy adoption, the research identifies leverage points—particularly the 
role of lead firms as key decision-makers and the alignment of institutional policies—for enabling the 
widespread adoption of low-carbon technologies. 
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Abstract 

The most important lever achieving net-zero aviation in 2050 is the deployment of sustainable aviation 
fuels, SAF, (1,2) SAF may be derived from biomass or be synthesized via the power-to-liquid pathway, i.e. 
the production of e-kerosene using green hydrogen and a carbon source (e.g. carbon dioxide). To provide 
these substrates at scale, different technologies must be deployed (e.g., electrolysers, carbon capture 
technologies, etc.), and two main synthesis routes are applicable to date: Fischer-Tropsch (FT), or 
Methanol-to-Jet (MtJ). While the former is already ASTM approved, the latter is currently under evaluation. 
In the wake of the global ramp-up of e-kerosene production, the questions around the associated raw 
material demand has not yet been consistently and comprehensively addressed. This study is an attempt 
to fulfil this knowledge gap through the comparison of alternative production pathways and production 
scales. 

The study was carried out by DECHEMA, Gesellschaft für Chemische Technik und Biotechnologie e.V. on 
behalf of the PtX Lab Lausitz. To analyse the required mineral resources, a life cycle assessment was 
conducted in combination with a novel LCA modular approach. In order to evaluate the resource 
performance of different e-kerosene production routes, the study compared the total amount required for 
a wide array of raw materials. The study is the first in the field with the goal of quantifying the total 
material requirement (TMR) of 144 different e-kerosene production routes. In addition, the demand of 17 
critical raw materials as well as their future availability were investigated. 

Based on the study assumptions, the MtJ production pathways result more resource-efficient for large-
scale production plant (100,000 and 500,000 t/a), while the FT production pathways perform better at 
smaller scale (10,000 t/a). By comparing the synthesis modules alone as one component of the 
production chain, the MtJ synthesis requires the medium-critical materials i.e., copper and zinc while the 
FT alternative requires high-critical elements such as cobalt and platinum. As a main achievement of the 
study, we identified and discussed a trade-off between resource efficiency vs. critical raw material 
dependency. Without considering these aspects for the production of e-kerosene, the goal of a net-zero 
aviation may be hardly achievable and could be ultimately compromised. Furthermore, we need to 
diversify the demand of critical raw materials in order to minimize the risk of future market bottlenecks.  
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Abstract 

Recent advancements in digital technologies present significant opportunities to support circular 
economy strategies for mass-produced consumer and industrial goods. This study draws on insights from 
a European research project developing an information system building on emerging digital product 
passports to enhance decision-making processes and foster circularity across diverse product 
categories. By integrating secondary data analysis on current levels of circularity, sustainability, and 
digitalization, the study reviews existing literature and conducts a meta-analysis to assess the potential 
impact in Europe of digital innovations on circular economy practices. It focuses on selected electronic 
products for consumers and businesses, such as printers, batteries, and heat pumps.  

The meta-analysis highlights the potential for substantial improvements in material recovery and 
resource optimization enabled by digital innovations, which could significantly advance circular economy 
practices. These improvements are associated with precise data-sharing mechanisms that ensure data 
sovereignty and security, supporting decision-making processes along the whole value chain in areas 
such as supply chain management, product design, waste handling, logistics, and the implementation of 
circular business models. Such innovations promise enhanced resource efficiency, higher recycling 
rates, and prolonged product lifecycles. 

The study concludes by identifying and analyzing key drivers and obstacles to achieving circular economy 
potential, as highlighted in the literature. These factors are critically examined in relation to the capacity 
of information-sharing innovations to address existing challenges. This analysis provides preliminary 
insights into the scale of gaps that digital tools could bridge, advancing the transition toward a more 
sustainable future in consumer goods. 
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Abstract 

The market for electrical and electronic equipment (EEE) shows strong and world-wide growth over the 
past decades, causing massive resource consumption and a growing waste stream. Due to this, EEE are 
one of the key product value chains addressed in the EU’s Circular Economy (CE) Action Plan. But which 
EEE and life cycle stages should the CE focus on in order to actually reduce the environmental impacts 
caused by EEE? The research project Circular Economy for EEE (CircEEE) explores the set-up of a CE that 
addresses the worldwide environmental impacts of Germany’s EEE consumption. To focus on 
environmentally relevant aspects, we identified corresponding key device groups and lifecycle stages.  

Due to the number of aspects to be considered and the great data diversity existing for EEE we developed 
a modular method that aims to identify the environmental hotspots along the life cycle of EEE. Our 
analysis covers six dimensions: (1) market prevalence, (2) substances of very high concern (SVHC), (3) 
raw material production, (4) production processes, (5) use phase, and (6) end-of-life.  

Initial findings indicate devices of the consumer electronics group (e.g. smartphones, notebooks, flat-
panel TVs), the household appliances group (e.g., washing machines, dishwashers), and photovoltaic 
panels as market-relevant products within EEE. Consumer electronics, in particular, demonstrate 
significant environmental relevance due to high concentrations of precious metals (e.g., gold, silver) and 
rare earth elements (e.g., neodymium) along with high energy consumption and environmental impacts 
related to several production processes. Conversely, telecommunications and monitoring equipment, 
along with various electrical components, are notable for their SVHC content, including lead compounds 
and plastic additives like phthalates. 

Our research also reveals declining average product service lifespans for EEE over the past two decades, 
driven by distinct types of obsolescence: consumer electronics exhibit preference- and software-based 
obsolescence, whereas household appliances mainly face material-based obsolescence. Concerning 
energy consumption during use phase, our findings indicate that consumer electronics have a high 
impact, due to various applications that access data center capacities. 

This comprehensive analysis considers the environmental performance of the whole group of EEE along 
their entire life cycle. By integrating various datasets and methodologies tailored to the different 
dimensions related to the environmental relevance of EEE, we were able to identify environmental hot 
spots with sufficient directional certainty to help focusing the development of CE measures for EEE. 
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Abstract 

The growing adoption of electric vehicles (EVs) has elevated the demand for critical minerals such as 
lithium, cobalt, nickel and rare earths. Like several other developed countries, Canada has an ambition to 
reach the goal of 100% zero emission vehicles by 2035. This study conducts a dynamic material flow 
analysis (MFA) of EVs with different battery chemistries to explore the future demand and supply 
dynamics of critical minerals in Canada by 2035. Four future scenarios related to EVs uptake are 
modelled, ranging from business as usual to stringent scenarios. Considering the baseline scenario, the 
preliminary results show that the total sales of EVs in Canada will increase from 190,000 in 2024 to 
1,093,674 in 2035. This will result in rise of EVs in-use-stock from 776,350 in 2024 to 11,290,001 in 2035. 
The study demonstrates a need for expeditious expansion of mining and processing operations in Canada 
to meet the rising demand of critical minerals for EVs by 2035. The study highlights inefficiencies across 
the value chain of EVs, including low recycling rates at the end-of-life. Scenarios for improving material 
circularity are explored, focusing on enhancing recycling technologies, extending battery lifespans, and 
adopting second-life applications for retired batteries. The study is still ongoing and detailed results will 
be presented at the conference. This research provides actionable insights for policymakers, industry 
stakeholders, and researchers to optimize the value chain of EV battery systems and support the 
transition to a low-carbon economy. 

Keywords 

MFA, Electric Vehicles, Batteries, Value chain 

  



96 Monitoring a Just Circular Transition 

Burcu Gözet1, Wim Van Opstal2, Sanna Due3, Martina Bisello3 

1Wuppertal Institute for Climate, Environment and Energy (WI), Berlin, Germany. 2Vlaamse Instelling voor 
Technologisch Onderzoek (VITO), Mol, Belgium. 3European Environment Agency (EEA), Copenhagen, 
Denmark 

Abstract 

In recent years, the transition to circular economy has gained significant prominence in global and 
European policy frameworks, with initiatives such as the European Green Deal and the Sustainable 
Development Goals. While its environmental benefits are widely acknowledged, its social implications, 
such as fairness, equity, inclusion, and job impacts, remain largely underexplored. Despite a recently 
expanding body of literature addressing this critical gap, there is a significant lack of conceptual clarity, 
data generation, monitoring frameworks, and, consequently, specific assessments of the socio-
economic implications of the circular economy. This research addresses two critical gaps: (1) the 
assessment of indicators for monitoring justice aspects within circular economy transitions, and (2) an 
analysis of employment impacts, including opportunities for marginalised groups and challenges related 
to job quality and skills.  

Our research employs a mixed-methods approach, including literature reviews, stakeholder 
consultations, analysis of administrative data, and case studies, focusing on key value chains, such as 
textiles and plastics. First, we develop an analytical framework for a just circular transition, aimed at 
designing a monitoring tool on a global scale. We propose a set of justice-oriented indicators for 
monitoring social dimensions of circular economy transitions, addressing aspects such as, employment 
quality, social inclusion, and regional disparities. These indicators will provide policymakers and 
stakeholders with tools to assess the progress of circular initiatives beyond environmental impacts. Next, 
we explore the implications of circular economy policies on job creation and destruction at the EU-level. 
Specific attention will be given to geographical disparities and the support of vulnerable populations at 
the labour market. By integrating insights from case studies, we highlight the diversity of circular jobs and 
emphasise the importance of vocational training, social economy partnerships, and inclusive policy 
frameworks to ensure a just transition.  

Preliminary findings indicate that while circular economy initiatives have created 4.3 million jobs in the 
EU, the distribution of these opportunities is uneven across regions and demographic groups. For 
instance, repair and maintenance activities show potential for job creation in local and community-based 
initiatives but require targeted interventions to ensure inclusivity, particularly for women, migrants, and 
individuals with disabilities. Existing metrics also overlook the full scope of circular employment, 
particularly in enabling sectors, such as education, logistics, and digital technologies.   

This research contributes to bridging the gap between environmental sustainability and social justice, 
offering actionable recommendations for policymakers, businesses, and civil society to navigate the 
complex socio-economic implications of circular transitions.  
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Abstract 

Due to the joint production mechanism, the low-carbon transformation of carrier metals will profoundly 
influence the sustainable supply of critical by-product energy metals. A rigorous scientific analysis of this 
impact mechanism is crucial for advancing sustainable development, achieving carbon neutrality, 
facilitating energy transitions, and ensuring the security of these vital metal supplies. This paper 
systematically examines the influence mechanism and regulatory strategies of such transformations, 
revealing the following insights: Firstly, from a joint production perspective, the sustainable supply of 
critical by-product energy metals is influenced by various factors, including endogenous ones like 
geology, technology, and economy, as well as exogenous factors such as the environment and 
geopolitics; Secondly, the carrier metal system achieves low-carbon transformation through 
technological advancements across the entire industry chain, enhancing material efficiency, reducing 
energy consumption, optimizing energy structures, and strengthening recycling efforts; Thirdly, the 
impact of this transformation on the sustainable supply of critical by-product energy metals stems from 
the transformation of technical systems driven by changes in social systems, involving complex 
interactions across multiple systems and levels. To ensure the sustainable supply of these metals, 
researchers propose strategies such as establishing minimum capacity thresholds, optimizing the supply 
structure of the carrier metal system, and enhancing material efficiency, recycling, production 
decoupling, and demand substitution within the critical by-product energy metal system. In the future, it 
is imperative to delve deeper into the processes, mechanisms, and trends of the impact of low-carbon 
carrier transformations on the sustainable supply of these metals.  Exploring regulatory strategies and 
their applicable boundaries under the influence of low-carbon transformations in carrier metals is 
essential. furthermore，Clarifying the role of the "China factor" in the supply and demand dynamics of 
critical by-product energy metals, amidst this transformation, will also be pivotal. 
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Abstract 

Context: 

Many global environmental and sustainability goals rely on ocean health and/or mineral supply. The 
proposed new industry of deep seabed mining (DSM) may promise the latter at the cost of the former. 
DSM – if permitted to proceed – risks impairing essential ecosystem services already under pressure, 
including climate regulation, food security, and causing other adverse impacts on human and planetary 
health.[1] 

The International Seabed Authority (ISA), the agency through which 169 member States regulate DSM, is 
mandated to act on behalf of humankind, managing minerals that are the ‘common heritage of 
humankind’. 

The ISA faces a crossroads in 2025: whether to allow the transition from exploration to exploitation.[2] A 
huge challenge here is that appetite to mine has outstripped scientific and regulatory progress: the ISA’s 
regulations for mining are not yet adopted[3] and the scientific information to inform them is not yet 
available.[4] 

Research goal and results:  

ISA’s legal competence derives from UNCLOS and its 1994 implementing agreement. Whilst this provides 
a steady foundation for the development of DSM regulations, it does not operate in a vacuum or a time-
freeze.[5] Just as the ocean is interconnected and evolving, so too are the international obligations that 
bind the ISA States. UNCLOS also emphasizes the duty of ISA to cooperate with other organizations in the 
protection and preservation of the marine environment.[6] Despite this, our contention is that the ISA has 
been selective in its application of other international law processes in its work, with the following 
particularly neglected: 

-HUMAN RIGHTS (including the rights to a clean, healthy, and sustainable environment, to benefit from 
scientific progress, to health and food security; the rights of children and future generations; Indigenous 
rights and the protection of cultural heritage; UN Guiding Principles on Business and Human Rights);[7] 

-CLIMATE CHANGE (including controls on emissions from DSM, UN principles to guide critical energy 
transition minerals towards equity and justice);[8] and 

-ENVIRONMENTAL LAW (including rights around access to information and justice, participatory 
decision-making, protection of environmental defenders; the Convention on Biological Diversity; 
UNCLOS’s new agreement addressing Biodiversity Beyond National Jurisdiction). 

 

https://app.oxfordabstracts.com/stages/76097/submissions/new?behalf=false#_ftn1
https://app.oxfordabstracts.com/stages/76097/submissions/new?behalf=false#_ftn2
https://app.oxfordabstracts.com/stages/76097/submissions/new?behalf=false#_ftn3
https://app.oxfordabstracts.com/stages/76097/submissions/new?behalf=false#_ftn4
https://app.oxfordabstracts.com/stages/76097/submissions/new?behalf=false#_ftn5
https://app.oxfordabstracts.com/stages/76097/submissions/new?behalf=false#_ftn6
https://app.oxfordabstracts.com/stages/76097/submissions/new?behalf=false#_ftn7
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Conclusion: 

We consider it imperative that the ISA shift from its narrow extractive-centric approach to take into 
account broader governance norms, standards and multilateral dialogues. Failing this, the ISA isolates 
DSM from global sustainability efforts, which risks our common heritage being managed to humankind's 
overall detriment. 
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Abstract 

The Waste Recycling Project (WREP), launched in 2016 by PVC Forum/VinylPlus Italia (the Italian 
association of the PVC value-chain) and VinylPlus® (the European PVC industry’s Commitment to 
sustainability), aims to improve PVC waste collection and recycling in Italy. This initiative addresses the 
issue that less than half of PVC waste was being recycled due to challenges like scattered collection 
points and small-scale recyclers facing complex regulations. WREP targets the recycling of PVC waste 
from bulky urban waste at municipal collection centres in northern and central Italy, in partnership with 
13 multi-utilities and recyclers. 

A significant achievement of WREP is the creation of a training programme for plant operators, enabling 
them to identify, separate, and select PVC materials effectively. This has led to a 97% recycling rate for 
PVC collected through the project. The project has provided economic and environmental benefits, 
reducing costs by over 50% compared to disposal and preventing more than 2 tonnes of CO2 emissions 
for each tonne separated and sent to recycling (about 1,500 tons in 2023). 

In 2023, the project expanded to include PVC from demolition and renovation activities, with new 
partnerships and systems for collecting and recycling PVC from construction-related items like windows 
and pipes.  

Furthermore, WREP has advanced the development of portable devices to sort PVC from other plastics 
and to detect hazardous substances in PVC. In 2021, a handheld detector using near-infrared 
hyperspectral (NIR) technology was introduced, reducing PVC contamination levels from 3% to under 1%. 
The software has been further developed to detect the presence of DEHP in post-consumer PVC. 

Portable devices enable direct PVC separation during selective demolition for immediate recycling in the 
absence of legacy additives, or specific treatments before recycling in the presence of legacy additives. 

In 2023, further feasibility studies showed that the XRF (X-ray fluorescence spectroscopy) technology 
could be applied to the detection of legacy lead in PVC waste. The XRF technology would make it possible 
to design an industrial in-line pilot system able to select and recognize plastic materials with presence of 
lead. This separation line could also be integrated with the NIR technology to detect traces of other 
substances such as DEHP (Di-(2-ethylhexyl) phthalate) and MCCP (medium chain chlorinated paraffins). 

Based on the feasibility study, VinylPlus has funded the design of a pilot plant aimed to test and 
implement XRF technology for industrial applications.  
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Abstract 

Going beyond climate change and carbon footprints, life cycle assessments (LCAs) are becoming 
essential for producers, manufacturers, and lawmakers to determine the environmental impacts of 
specific materials and select the most suitable one to achieve resilient and sustainable product 
designs.   Ensuring that the LCA approach used is accurate and reliable is of paramount importance. 
Major efforts have been undertaken in academia, at the authority level, in industry and beyond to try and 
improve the accuracy of LCAs over recent years.    

The International Council on Mining and Metals (ICMM) and several of its metal associations members 
sponsored a series of projects over the last seven years to explore issues related to the reliability and 
accuracy of LCA methods and to identify possible solutions with respect to the use of LCAs for mining 
products and metals.   These works engaged in an open dialogue with LCA practitioners, academic 
experts, mine operators and downstream users, facilitating cross-disciplinary scientific exchanges aimed 
to ensure that future LCAs reflect a robust and accurate account of the impacts and benefits from 
minerals and metals.   

The project's findings have been published through a series of peer-reviewed articles in scientific journals 
and shared at several LCA-focussed conferences, but they have never been presented together.  In this 
retrospective, ICMM will explore the work undertaken and the progress made to date and pinpoint the 
issues that remain with environmental footprint assessments of mining and metals products. Projects 
focus on ways to improve the accuracy of LCA modelling methodologies and include improvements to 
data and/or methodologies on tailings-related environmental releases, temporal boundaries in 
modelling, resource dissipation and up-to-date toxicity data (e.g. Berger, 2024; Owsianiak et al., 2022; 
Santero & Hendry, 2016).  

Efforts to date have helped dispel some of the misconceptions about the way mining and metals products 
impacts should be assessed and identify areas where further research could prove beneficial.  
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Abstract 

The transition towards sustainable product design is critical to achieve the EU’s goals for climate 
neutrality and resource efficiency. To align with the objectives of the European Green Deal, it is essential 
for companies to adopt practices that are both environmentally sound and market competitive. This 
paper presents a step-by-step methodology designed to support Original Equipment Manufacturers in 
assessing and improving the environmental performance of their product designs. 

The first step of this methodology is to conduct a lifecycle assessment (LCA) to evaluate the 
environmental impacts of the different components and/or subassemblies across their lifecycle. In this 
context, the potential of innovative AI technologies (e.g., Makersite) is analyzed to determine their 
effectiveness in complementing Lifecycle Inventories to accelerate the LCA process. Results 
demonstrate that these AI technologies encompass great potential to obtain actionable insights at the 
outset of the design process to optimize their product development processes and make more 
sustainable business decisions. 

The second step focuses on selecting an optimal single environmental score derived from LCA data to 
guide the decision-making, while easing the internal and external communication. Three methodologies 
are evaluated for this purpose: Product Environmental Footprint (PEF), planetary boundaries framework, 
and distance-to-target approach. Each of these approaches offers systematic rankings of components 
based on their contribution to the overall environmental impact and the most pressing environmental 
issues. However, because of its alignment with European standards and its ability to balance trade-offs 
between different impact categories the presented research recommends the use of the PEF 
methodology. With this methodology, designers are encouraged to define a priority list of components 
with the highest environmental impact, enabling a targeted approach to reduce the product’s 
environmental footprint. 

The third step involves developing a comprehensive eco-scoring system incorporating both 
environmental impact data and diverse attributes critical to long-term product sustainability, such as 
durability, reparability, and upgradability. These key attributes are included in line with the circular 
economy goals of the European Green Deal, targeting waste reduction and resource efficiency. 

The presented step-by-step methodology provides a transferable framework for companies to 
systematically reduce their environmental footprint, enhance product sustainability, and meet EU 
regulatory requirements. The methodology has been successfully applied in a case study of an 
entertainment project for Barco, demonstrating its practical applicability. By sharing learnings from the 
application on industrial case study products, this research aims to encourage wider adoption of the 
approach, supporting the transition towards a circular economy. 
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Abstract 

Although plastics are renowned for their beneficial properties, the sector has come under increased 
attention due to the intersecting challenges of material pollution, climate change, and social inclusion. 
South Africa is one of three polymer producing countries in Africa with the local plastics sector 
contributing just over 15%  to the manufacturing Gross Domestic Product (GDP) of the country in 
2022.  Globally, the Global Plastics Treaty to end plastic pollution and forge an international legally 
binding agreement is being negotiated. Locally, regulatory and policy instruments such as the Extended 
Producer Responsibility Regulations (EPR) mandates brand owners by setting collection and recycling 
rates for certain plastics packaging items. Other resources include the Waste Picker Integration Guideline 
for South Africa which aims to improve the working conditions of waste pickers by providing guidance to 
municipalities and industry. The study sought to investigate the environmental and social impacts of the 
South African plastics sector via a Life Cycle Assessment (LCA). The research considered impacts across 
the complete life cycle i.e. from production, single-use and durable consumption, and end-of-life via 
compliant and deficient waste management options. For the environmental aspect, the short to medium-
term impacts of implementing circularity strategies such as increased mechanical recycling and reuse 
were explored. Findings were in the form of circularity and environmental indicators including virgin 
polymer production plastic leakage, and climate change. The results indicated that implementing 
sustainability strategies in tandem could deliver an immediate improvement in material indicators in the 
short-term and a 25-44% reduction by 2035 relative to the findings in 2018. For the social element of the 
study, the focus shifted to the compilation of a stakeholder map which highlighted stakeholders who are 
directly impacted by the sector such as local communities, workers, and small-scale entrepreneurs. 
Social topics that were found to be pertinent to the local industry included health and safety and access 
to equal opportunities. The study revealed the importance of incorporating local factors into 
environmental and social analyses. Additionally, definitions of indicators and goals at a local, regional, 
and global level need to be standardised to harmonise research and policy-making.   
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Abstract 

This paper presents an innovative framework for a Digital and Regulated Financial Marketplace 
(DRFM) in the mining sector, addressing the critical challenges of informality, environmental impact, 
and social equity. Our interdisciplinary study examines how digital finance can transform artisanal 
and small-scale mining (ASM) operations through six key dimensions: Circular Economy, Multilateral 
Governance, Innovation and Digitalization, Finance and Trade, Indicators and Standards, and 
Sufficiency Principles. 

The research explores the creation and validation of novel tokenized asset classes designed 
specifically for sustainable mining. These include Nature-based Solutions credits derived from mine 
rehabilitation; Energy Transition Assets linking renewable energy to mining operations; Clean 
Technology Access Rights enabling shared ownership of sustainable equipment; Gender-Lens 
Mining Bonds tied to women's economic empowerment; and Brownfield Redevelopment Tokens 
unlocking value from remediated sites. 

Through blockchain-based financial mechanisms, the DRFM enables ASM operators to access 
formal credit markets, insurance products, and trading platforms while enforcing environmental and 
social safeguards. Initial pilot studies indicate that formalized operations can achieve meaningful 
reductions in mercury use through financed access to cleaner technologies, with targets aligned to 
Minamata Convention obligations and WHO guidelines. The framework integrates digital identity 
solutions with automated compliance monitoring, helping governments bring ASM operations into 
the formal economy while ensuring fair labor practices. 

Key research questions examine how these novel asset classes can be structured, validated, and 
scaled to create liquid markets that drive sustainable practices. The study investigates mechanisms 
for verifying Nature-based Solutions credits, standardizing Energy Transition Assets, democratizing 
clean technology access, measuring gender impact, and incentivizing brownfield 
rehabilitation.   Primary focus areas of research include: 

1. What asset class configurations are best for enabling diverse investor participation 

2. ⁠What kinds of financial instruments resonate across differing investor categories and miners? 

3. ⁠How do differing asset classes support financial, social, environmental & economic value 

4. ⁠how does this digital marketplace strategically support critical mineral supply growth needed for 
net zero? 



This research contributes to the WRF's vision by demonstrating how financial innovation can transform 
informal mining into regulated, sustainable operations. Our findings provide actionable strategies for 
governments to expand formal mineral economies, financial institutions to serve excluded miners, and 
civil society organizations to verify sustainability improvements, ensuring mineral extraction contributes 
to equitable development while respecting planetary boundaries. 
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Abstract 

The discussion surrounding the role of plastic chemicals in a circular economy is characterized by 
conflicting views from different stakeholders. While plastic additives like stabilizers or compatibilizers are 
used in mechanical recycling to optimize recyclate quality, adverse effects on human health and the 
environment from intentionally or non-intentionally substances in secondary plastics may pose a barrier 
for high recycling and reuse targets, which may marginalize the benefits of mechanical recycling efforts. 
These divergent perspectives underscore the need to thoroughly examine the opportunities and threats 
posed by chemicals for circular plastics. Currently, the Intergovernmental Negotiating Committee (INC) 
negotiations on a global legally binding plastics treaty could serve as a common discussion ground 
bridging multiple stakeholders, but a structured approach is lacking. In this study, we introduce a 
schematic framework to categorize both, threats and opportunities related to plastic chemicals in 
circular value chains in a common structure. More specifically, the framework provides guidance in 
assessing the threats and opportunities of chemicals according to their (1) functionality, (2) impacts on 
social, environmental, and economic sustainability, (3) safety, and (4) life cycle stage relevance. We 
developed the framework in an iterative process based on insights from literature, interviews, 
participation at previous meetings of the Intergovernmental Negotiating Committee to develop a global 
plastics treaty, and other scientific, regulatory, and industry conference formats. We demonstrate the 
framework application with exemplary cases of selected intentionally added and non-intentionally added 
substances. While the discussion around regulations like e.g. the Packaging and Packaging Waste 
Directive favor higher recycling rates, applying our framework would put a question mark to this at least 
from a safety dimension. Applying the framework on a broader scale could smoothen the further INC 
negotiations on the role of chemicals in circular plastics by ensuring consideration of different impact 
levels across multiple life cycle stages.  
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Abstract 

The recovery of finest particles deriving from economic human activities such as resource extraction, 
production of goods, or through the degradation of plastic products poses still challenges for the circular 
economy. Most of these finest waste streams are yet actually not treated, but merely deposited or in 
worst cases end up in the biosphere with the substantial risk to have a negative impact on flora, fauna, 
soil, air and water.  

Within the project FINEST funded by the Helmholtz Association in its Sustainability Challenge the 
research of four Helmholtz centres and a dedicated resource university aims at finding novel solutions for 
waste streams of finest particulate matter from anthropogenic origin such as flue dusts, fly ashes, 
microplastics, compound materials, etc. The FINEST researchers develop innovative methods and 
processes to recover valuable resources contained in the finest material streams with a focus on 
microplastics, extended thermal insulation systems (ETICS), and various finest materials from extraction 
and production processes. These processes include for example the biodegradation of certain types of 
plastics by means of bacteria, fungi, or other microorganisms with the aim to decompose the polymers 
into monomers for reuse in virgin plastic production. The ETICS are treated by innovative pyrolysis 
methods, while the metal-containing fines are blended in an intelligent way to increase the efficiency and 
recovery rate in the subsequent metallurgical treatment steps.  

All processes will be assessed through a sustainability life-cycle analysis (SLCA) concerning their impact 
on environmental, social, and economic aspects to improve the sustainability of the recovery processes. 
In addition, the circularity of the processes must be considered, which is up-to-date not addressed in 
SLCA. Various indicators have been developed in the recent years to be integrated into life-cycle 
assessment (compare e.g. EMF 2019, Rigamonti and Mancini 2021, Luthin et al. 2023). These available 
indicators shall be applied to the recovery processes as well as suitable indicators shall be adapted for 
fulfilling the requirements of circularity more appropriately. Such an indicator, be it modified or be it a 
novel approach, shall depict reality as far as possible, address questions such as the allocation of the 
number of possible recycling circles of materials, and shall serve as the standard metrics, when 
circularity is measured.  

On the one hand the assessments shall answer the question, whether the innovative processes can 
compete with the conventional treatment, and on the other hand the meaningfulness of the indicators 
shall be evaluated. 
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Abstract 

The transition to a sustainable economic systems has become increasingly urgent in the face of 
global challenges such as climate change, resource depletion, and the transgression of 
planetary boundaries. The circular economy (CE) has emerged as a key framework to address 
these issues, providing an alternative to the linear "take, make, dispose" model. By promoting 
strategies such as reuse, recycling, and the extension of product lifecycles, CE aims to reduce 
environmental impacts and resource dependence. However, its current implementation often 
prioritizes technological solutions, such as eco-design, resource efficiency, and closed-loop 
systems, without fully addressing the systemic drivers of unsustainability, including 
overconsumption and the pursuit of continuous economic growth. 

In this context, sufficiency offers a complementary perspective, emphasizing the need to moderate 
consumption, fulfill fundamental human needs, and promote the equitable distribution of resources. 
Unlike CE’s predominant focus on technical innovations, sufficiency calls for a cultural and economic 
shift that challenges the growth paradigm and advocates for resource-light practices. Together, CE and 
sufficiency provide a more holistic approach to sustainability, addressing not only the symptoms of 
environmental degradation but also its underlying causes. 

This study investigates the intersection between CE and sufficiency, arguing that integrating 
these concepts is crucial to advancing sustainable economic systems. To ground the analysis, a 
systematic literature review was conducted to trace the historical development and conceptual 
foundations of CE, offering insights into its evolution, strengths, and limitations. Additionally, a 
bibliometric analysis using the Scopus database was performed to evaluate the current state of 
research on the integration of CE and sufficiency. While substantial academic work exists on CE 
and sufficiency as individual themes, studies that explicitly connect them remain limited. 

The findings reveal that sufficiency can enhance the effectiveness of CE by shifting its emphasis from 
isolated technological fixes to systemic transformations that address social and cultural dimensions of 
sustainability. Policies rooted in sufficiency principles can realign CE practices toward reducing 
overconsumption, extending product lifetimes, and fostering sustainable lifestyles. This integration offers 
a pathway to reframe sustainability debates, moving beyond GDP-centric growth models to prioritize 
ecological integrity and human well-being. However, realizing this proposal will require ambitious policy 
frameworks that promote systemic change, engage multiple stakeholders, and create coherence 
between environmental, social, and economic objectives. By proposing this alignment, the study 
contributes to a broader understanding of how sufficiency and CE must work together to support the 
transition to a just and sustainable future. 
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Abstract 

Proponents of circular economy asserts that the environmental and economic facets of development are 
mutually inclusive. They are interrelated, interconnected, interpenetrated, and inseparable. However, 
their critics argues that circular economy jettison the social dimension of sustainable development. In 
Uganda, the conversation about the circular economy is exponentially drawing appreciation from both 
the government and private sectors. The former has recently demonstrated a resolute position to 
integrate a circular economy within its National Development Plan. Although this is both encouraging and 
commendable, the commitment by the government is still wanting and lacks adequate strategic 
guidance. Because of these fundamental reasons, (i) the concept of circular economy is still new and 
misunderstood in Uganda, and (ii) there are limited country-specific empirical pieces of literature about 
the contributions of government in driving circular economy. Hence, the government does not 
comprehensively know what cogent interventions to employ to develop its circular economy. It is against 
this backdrop that the researcher will discuss what Uganda's government should do to propagate a 
circular economy to leverage eco-economic sustainability in the country. The researcher will use a mixed 
research method, and data will be collected using both primary and secondary sources. Findings from 
the research will propose that the government of Uganda should do the following: (i) increase funding for 
facilitating the growth of a circular economy, (ii) develop legislation and tax policies to attract and protect 
investors in the circular economy, (iii) strengthen and increase public-private partnerships aimed at 
promoting the circular economy, and (iv) initiate bottom-up mobilization of the people and resources to 
promote the circular economy. This research will provide future searchers with a lucid understanding of 
circular economy in Uganda and new frontiers for further research. 
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Abstract 

The global transition to a Circular Economy (CE) is widely recognized as a pathway to achieving 
sustainability, yet significant challenges persist in developing effective macro-level policies to 
support this transition. Existing research often concentrates on industry-specific approaches or 
the conceptual dimensions of sociotechnical systems, neglecting the broader political and 
systemic contexts that influence CE implementation. At the macro level, policy decisions are 
situated within the political "macrosystem," where competing interests, power dynamics, and 
societal implications make coordinated action particularly complex. 

A critical area for addressing these challenges is Policy Coherence for Sustainable Development (PCSD), 
a principle embedded in the 2030 Agenda for Sustainable Development, particularly under SDG 17. PCSD 
emphasizes the need for consistency and alignment of policies across sectors to avoid conflicts and 
foster synergies that advance sustainable development. While the adoption of the Sustainable 
Development Goals (SDGs) has stimulated efforts to align policies globally, many nations—including 
Brazil—struggle to establish integrated strategies that support the transition to a low-carbon, climate-
resilient economy envisioned by both the SDGs and the Paris Agreement. 

In Brazil, the lack of a coordinated macro-level policy framework for CE limits the potential for 
transformative societal impact. Despite incremental adoption of CE-inspired measures, these 
efforts are often fragmented and fail to integrate key stakeholders across the broader production 
and consumption systems. To address this gap, this paper proposes the development of a Policy 
Coherence Framework for Circular Economy (PCCE), which aligns CE policies with PCSD 
principles and adapts them to Brazil's political and economic realities. 

The research adopts a twofold methodology: a systematic literature review to identify global 
convergences between PCSD practices and CE policy needs, and a focused analysis of Brazil's existing 
policy landscape related to CE implementation. This dual approach highlights both the theoretical 
underpinnings and practical requirements for fostering effective CE transitions. The proposed PCCE 
framework provides a structured model for policymakers, facilitating the integration of diverse 
stakeholders, the alignment of policies, and the enhancement of system-wide synergies. Ultimately, this 
framework aims to support the development of cohesive, actionable strategies that advance the CE 
agenda in Brazil and contribute to global sustainability efforts. 
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Abstract 

Plastics constitute a significant part of the global economy, and the global plastic production has 
increased 180 times between 1950 and 2018 (Pilapitiya and Ratnayake, 2024). A large segment of plastic 
producers and recyclers are categorised as Small and Medium Enterprises (SMEs) and contribute largely 
to the economic growth, employment and innovation across economies. SMEs play a pivotal role in 
developing economies like India by driving Gross Domestic Product (GDP) growth, integrating 
marginalized populations and addressing local community needs, while building resilient local 
economies and advancing circular economy principles. 

This paper examines the evolving legal and innovation frameworks essential for empowering SMEs in 
plastic waste management in India, with a focus on India’s Extended Producer Responsibility (EPR) 
regulations, single-use plastic (SUP) ban, SME cluster policies and the growing influence of the 
forthcoming Global Plastic Treaty (GPT). In India, recycling targets for rigid and flexible plastics start at 
50% and 30% respectively in 2024-25 and will rise to 80% and 60% by 2027-28. In addition, the EPR rules 
mandate the use of recycled content for rigid and flexible packaging starting from 2025-2026, which can 
be achieved only with the support of SME recycling ecosystem in the country. In addition, the ban of 
identified SUP items have accelerated the demand of SMEs catering to the needs of plastic alternative 
products in the market. Hence, the strengthening of framework on recycling, reusability and rethinking 
packaging as well as promoting alternatives to plastics play an essential role in achieving circularity and 
resource efficiency in the sector. The upcoming global treaty is expected to set ambitious international 
targets for reducing plastic pollution and will likely amplify the demand for recycling and recycled content 
and stricter upstream measures, positioning India’s SMEs as key players in meeting global sustainability 
benchmarks. 

Partnerships between public and private sector, forged under National and International frameworks, 
have proven instrumental in enabling knowledge exchange, capacity building, and co-development of 
innovative circular solutions tailored to India’s landscape of plastics economy. This paper will explain in 
detail the adoption of resource efficient technologies, disruptive innovative approaches, digital 
traceability systems, and environmentally sustainable practices across the sector empowering SMEs as 
drivers of a circular economy and resource efficiency. 
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Abstract 

The global energy transition has driven a surge in demand for lithium, a critical raw material essential for 
energy storage and electric vehicles (EVs). This study explores how the Lithium Triangle (Argentina, 
Bolivia, and Chile)—the lithium-richest region in the world—aims to maximize economic benefits from 
lithium extraction and strengthen its position in the EV battery value chain. Specifically, we examine how 
these countries pursue this goal through different industrial policies and regulatory frameworks. Two 
main strategies for resource-based economies, as outlined by Lebdioui et al. (2020), provide a framework 
for understanding these approaches: Rent Maximization, which localizes benefits through resource rent 
incentives like royalties, and Resource-Based Development, which emphasizes value-addition-driven 
industrial development. 

Drawing on document review, interviews, and participatory observation (2022–2024), the findings reveal a 
mix of rent maximization and value-addition strategies across the Lithium Triangle, with distinct 
variations. Argentina emphasizes battery-grade lithium processing (e.g., lithium carbonate) for export, 
relying heavily on FDI attraction —aligning with the rent-maximization approach. However, provincial-
level state ownership in key investment projects, aimed at improving pricing transparency and ensuring 
fair rent collection, highlights the country’s use of industrial policy. Chile balances resource rent 
incentives, through FDI attraction, with active industrial policies designed to enhance domestic 
technological capabilities and advance toward battery component production, reflecting an increasing 
value-addition-driven approach. Both countries have made measurable progress in producing high-value 
lithium products and continue to expand the production of increasingly pure battery-grade lithium, 
indicating growing domestic capacities and more potential for rent collection. Bolivia, in contrast, 
pursues an ambitious strategy to control the entire EV production value chain under tight state control. 
Despite efforts to leverage foreign expertise and capital, Bolivia’s plans remain largely aspirational, as it 
has yet to achieve commercial-scale production of battery-grade lithium. 

Ultimately, by highlighting key aspects of the industrial policies and frameworks governing resources in 
these cases, we identify critical strategies and challenges that resource-rich countries must address to 
effectively leverage their resources for sustainable long-term growth. 
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Abstract 

The global transition to renewable energy is accelerating the need for green hydrogen, a key 
technology in decarbonizing industries and reshaping energy value chains. Southern Africa, with 
its vast renewable energy resources, is poised to become a central player in the global green 
hydrogen market. However, despite the region’s potential, challenges such as inadequate 
infrastructure, high technology costs, and the need for effective governance frameworks must be 
addressed to unlock its full capabilities. Guided by regional and national policies like the African 
Union’s Agenda 2063 and South Africa’s Hydrogen Society Roadmap (2021), projects such as the 
Platinum Valley initiative are positioning the region as a leader in green hydrogen innovation. 

This paper examines Southern Africa’s green hydrogen landscape using a mixed-methods approach that 
combines qualitative policy analysis with quantitative assessments of patents, R&D activities, and 
market trends. By exploring the opportunities for innovation within the region’s renewable energy 
systems, this study evaluates how local value chains can be integrated into the global green hydrogen 
economy, aligning with global net-zero targets. 

Moreover, the paper addresses critical issues including the need for strong governance 
frameworks, the role of cross-sector collaborations between academia, industry, and 
policymakers, and how Southern Africa can contribute to global policy coherence. It also 
explores how local communities can benefit from this transition through job creation, economic 
diversification, and enhanced energy access. The findings aim to provide actionable insights for 
fostering a sustainable, inclusive, and globally competitive green hydrogen sector in Southern 
Africa. 
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Abstract 

As part of the digital transformation of the extractive sector, earth observation (EO) technologies have the 
potential to become an integral industry component. The advancement of state-of-the-art sensors 
(drones, satellites), AI-based processing methods and visualisation tools enhance the value of 
incorporating EO technologies in mining. Their application can upgrade main activities of the industry due 
to considerable advantages over traditional practices such as time and cost efficiency, usage versatility 
and non-invasive nature. These technologies have demonstrated their support for the sustainable 
transition of the sector, as these advancements optimise extraction operations and facilitate 
environmental monitoring (Ghamisi et al., 2021). Furthermore, they can be used as regulatory compliance 
tools, promoting the sector's transparency. Despite their recognised support for modernising and 
promoting greater responsibility within the sector, recommendations on desirable usage of EO 
technologies for the mining industry are lacking. 

This work aims to identify, evaluate, and establish comprehensive guidelines comprising a framework 
that addresses a range of identified challenges based on technical aspects and societal and ethical 
issues associated with implementing EO tools in mining operations. Key challenges are identified through 
literature review, and guidelines are proposed for the effective use of EO technologies in mining. 
Additionally, the importance of cooperation is explored between research and innovation, industry and 
policymakers in joint actions.   

Implementing EO technologies in mining might be hindered by different issues. Technical challenges 
include data quality (e.g. low resolution or noise), temporal inconsistencies in acquisition campaigns, 
and other barriers due to weather conditions or low accessibility for validation purposes. Managing big 
data also demands resources for storage and processing, especially when dealing with multi-modal 
datasets. Moreover, privacy concerns arise due to personal data protection. Meanwhile, the 
environmental impact from exploiting these technologies and the broader societal risks of increasing 
digitalization and producing social problems also pose significant challenges (Onifade et al., 2023). Other 
diverse barriers include cost, lack of awareness and expertise, and industry conservatism. Additionally, 
unfamiliarisation with the technologies makes the society skeptical of adverse impacts that EO data 
might have, like personal data problems. 

Efforts to address these challenges, supported by the diverse stakeholders involved, could unlock EO's 
potential for driving sustainability, efficiency, and innovation in mining. Such outcomes will benefit all 
parties. The primary goal of this work is to set a basis for policy frameworks that will facilitate and 
promote the use of EO tools in the mining industry by highlighting obstacles and risks. 
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Abstract 

The cement industry, accounting for 7% of global GHG emissions, faces an urgent need to transition to 
more sustainable practices. Of particular focus are the emissions from fuel combustion in cement kilns, 
which represent 30-40% of total GHG emissions incurred in cement production. Cement producers aim 
to reduce their emissions by increasing the use of alternative fuels, including non-recyclable plastic 
waste. This so-called ‘co-processing’ of alternative fuels for cement production utilizes both the thermal 
energy and mineral content in clinker production. Co-processing is debated as a cross-industry circular 
solution to reduce the carbon impact of the built environment. The cement industry's role in addressing 
plastic pollution by co-processing non-recyclable plastic waste, including the use of policy mechanisms 
like plastic credits, is a key topic of discussion among researchers and policymakers at the INC 
negotiations for a global plastics treaty. However,  the additionality and permanence of these schemes is 
critically questioned. This study evaluates the potential and effectiveness of plastic waste co-processing 
in reducing GHG emissions and mismanaged plastic waste, addressing key challenges in the built 
environment. Thereby, the study examines actionable indicators to guide policymaking and investigates 
whether investments in co-processing infrastructure could create lock-in effects, potentially hindering 
alternative uses of plastic waste or efforts to reduce plastic production. Expert interviews are used to 
explore industry strategies, investment drivers, and potential lock-in factors, providing a foundation for 
assessing scenarios and policy measures. A techno-economic model builds on these findings to predict 
the future of plastic waste co-processing in cement production and its effects on GHG emissions and 
mismanaged plastic waste. Building on the global model by Pottinger et al. (2024) for analyzing 
mismanaged plastics and their resulting GHG emissions, 'co-processed' is introduced as a novel end-of-
life fate of plastic waste. The baseline of their model is extended by considering cement production 
volumes by region, using data provided by the GCCA (2024). Collectively, the impact of different policy 
measures, such as plastic credits or subsidies for investment in co-processing infrastructure, is 
assessed, providing policymakers and industry experts with an indication of the efficacy of specific 
measures. 
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Abstract 

The electrification requirements to achieve net-zero emissions by 2050 will increase demand for critical 
minerals, including cobalt, nickel, copper, and manganese. According to estimates, by 2035, 384 new 
mines will be required to meet the battery demand, projected to increase by 500% by 2050. We can meet 
this demand by extracting minerals from the seabed, but traditional methods that rely on destructive 
dredging pose significant risks to marine ecosystems. Impossible Metals' responsible, science-based 
approach sets a new standard for responsible underwater mining. 

Research Goals: Impossible Metals is developing and deploying innovative technologies that avoid the 
ecological damage of conventional seabed mining. The primary goals are minimizing biodiversity loss, 
sediment disruption, and noise, vibration, and light disturbances while enabling sustainable resource 
extraction. 

Approach: The company’s Autonomous Underwater Vehicles (AUVs) are designed to selectively harvest 
polymetallic nodules from the seafloor while allowing the habitat to continue functioning. Equipped with 
artificial intelligence, the AUVs identify nodules without visible life. Robotic arms collect those nodules 
while leaving a percentage of nodules intact to maintain hard surfaces essential for marine ecosystems. 
The robots hover above the seafloor, avoiding the significant sediment disturbance caused by traditional 
dredging and riser systems. In addition, efforts are underway to optimize the technology to minimize 
noise, vibration, and light impacts on marine species. 

Results: Initial testing demonstrates that Impossible Metals’ AUVs can selectively harvest nodules with 
minimal sediment disruption and low environmental impact.1 This technology significantly reduces 
sediment plumes, underwater noise, and greenhouse gas emissions by eliminating the need for dredging 
tractors, riser systems, and dynamic positioning ships. The company’s economic models indicate that 
there is strong commercial viability for selective harvesting, even while leaving 20% of nodules in situ. 

Conclusion: Impossible Metals’ innovative approach to deep-sea mineral harvesting represents a 
breakthrough in responsible resource development. This scientifically informed technology offers an 
ethical alternative designed to address the environmental concerns associated with traditional dredging 
methods—biodiversity loss, sediment disturbance, pollution, noise, vibration, light disturbance, hard 
surface loss, and greenhouse gas emission. Collaboration with marine scientists and adherence to 
stringent regulatory frameworks further ensure alignment with conservation principles.2 
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Abstract 

The evolving practices across the minerals and metals industry demonstrate a shift in the power 
dynamics toward the stakeholders. They demand more transparency in information regarding products 
and services, activities of the organization, and their approach towards sustainable development. This 
pressure, which falls on the downstream organizations, compels them to adopt various strategies that 
deviate from the norm. The reason is not only to avoid their own involvement in unethical practices but 
also to prevent being complicit in the corruptive practices linked to actors deeper in their supply chains. 

One way of demonstrating their commitment to responsible practices is by using claims on products. For 
instance, voluntary standards allow the claim of the percentage of certified materials in a product or the 
source of the material's origin. This can be done by implementing a chain of custody (CoC) system, a 
requirement gaining traction as a market trend and as an important component in regulatory 
compliance. It works by implementing CoC models during the sourcing, handling, and delivery of the 
materials, such as identity preservation, segregation, controlled blending, and mass balance.  

But, it remains to be assessed to what extent these claims generated by a CoC meet those outlined by the 
mandatory regulations and voluntary international standards, especially with the introduction of the new 
EU Battery regulation, which put numerous stringent requirements for organizations to append to their 
products. Given stakeholders' pressure on the downstream actors of the supply chain, particularly of the 
batteries and electronic sector, it is crucial to consider their perspectives on how CoC claims could 
contribute to them meeting the requirements of their stakeholders, additional elements that need to 
be considered, and the limitations of these claims. 

This study will adopt a two-fold research methodology: The first is to identify the relevant regulatory and 
international standards and their corresponding expectations regarding claims related to responsible 
sourcing. The requirements will be mapped against what is covered by implementing a CoC standard, 
and the gaps that will lead to greenwashing will be identified. Secondly, interviews with industry experts 
will be conducted to explore the viewpoints on information generation, collection, validation, and 
dissemination, how CoC could contribute, and the practical challenges of ensuring that claims meet 
regulatory requirements while remaining manageable and meaningful to stakeholders. This integrated 
approach amalgamates existing literature with industry insights to develop effective recommendations 
for CoC standard developers. 
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Abstract 

The transformation of the current linear packaging system towards reusable concepts of food or beverage 
in reusable packaging solutions is a key necessity to slow down the increase of plastic waste generation. 
Despite a broad range of technical innovations (like web based tracking systems) and detailed 
assessments of the potential environmental benefits, the actual progress is often insufficient and reuse 
mainly remains a niche market. Against this background, the GIZ Circular Cities Lab aims to analyse 
success factors and barriers for reuse in different cities around the globe: In Colombia, South Africa, 
Georgia and Albania. In each Circular City Lab, the project carries out accelerator programmes targeting 
local, preferably female-led companies that are interested to integrate reusable packaging into their 
business models. This paper draws conclusions with regard to key factors that determine the 
environmental as well as economic viability of such pilot projects and their circular business models. 
Based on quantitative assessments as well as expert interviews, especially transaction costs linked to 
the change process are analysed that might hinder the role-out of such reuse systems beyond publicly 
supported pilot projects. A second focus of the paper is the role of reuse with regard to the empowerment 
of women, in the industry as well as in households. The preliminary results highlight the importance of the 
spatial context: Depending on the different base line scenarios and the actual implementation process, 
reuse can offer significant potentials and promising business opportunities but it can also cause 
additional greenhouse gas emissions and increase environmental impacts. The key message is thus the 
need for an improved understanding of pathways towards sustainable reuse ecosystems. 
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Abstract 

The mining sector faces increasing scrutiny for its Environmental, Social, and Governance (ESG) practices 
due to its significant environmental footprint and socio-economic implications. Understanding the 
determinants of ESG incidents in this sector is critical to promoting responsible mining. This study 
leverages advanced Natural Language Processing (NLP) techniques, including Named Entity Recognition 
(NER), to systematically track ESG-related events across the mining industry. By integrating spatial and 
country-level datasets, for a dataset of 1200 mines we identify key drivers of ESG incidents, offering a 
holistic perspective and insightful ESG incident prediction models help guide policymakers, public 
opinion, downstream and upstream companies and investors in the extractive sector. 
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Abstract 

Transparency in the mineral supply chain has gained global attention due to increasing consumer 
awareness of ethical consumption. Consumers now demand products that respect human rights, avoid 
conflict minerals, and minimize environmental impact. Traceability has emerged as a key driver of 
responsible sourcing, fostering trust through transparency. Van Rijswijk et al. (2008) emphasize that 
traceability connects product quality and safety with consumer trust. Similarly in the food sector, Nunes 
& Deliberador (2025) highlight that pro-environmental behaviour and perceived health benefits 
significantly influence consumer interest in traceable products.  

Although the food sector provides a certain number of examples of how transparency and traceability 
systems can align with consumer values, research on consumer perception in the mineral supply chain 
remains limited. This paper addresses this gap by exploring consumer interest in the traceability of raw 
materials used in final products. The study examines the types of traceability-related information most 
valued by consumers, including geographic origin, working conditions, and environmental sustainability, 
as well as how such information influences purchasing decisions and willingness to pay. A mixed-
methods approach will be employed, combining quantitative surveys and qualitative interviews to assess 
the motivations behind consumer interest in traceability. A diversified sample will capture demographic 
variations in interest, covering age, geographic location, and educational level. Additionally, a controlled 
experiment will evaluate the impact of traceability labels (e.g., absence of child labour, responsible 
working conditions) on consumer preferences and willingness to pay. 

This research provides a consumer-focused perspective, complementing existing studies that primarily 
examine internal supply chain processes. Findings are expected to reveal how consumer demand for 
traceable products can create market-driven incentives for a more ethical and transparent mineral 
supply chain. Practical recommendations will be offered to companies and policymakers, emphasizing 
the potential of traceability not only as a regulatory requirement but also as a strategic tool to enhance 
competitive advantage by aligning with consumer preferences. By addressing the social perception of 
traceability in a globalized and complex industry like mining, this study contributes to closing a research 
gap and highlights the transformative role consumers can play in driving ethical sourcing practices. 
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Abstract 

E-waste management requires urgent attention, especially in developing countries where informal 
recycling practices and weak regulatory frameworks prevail. While traditional studies on e-waste 
management have focused mainly on environmental and economic aspects, social aspects remains 
largely overlooked. E-waste poses unique challenges, such as informal recycling, hazardous materials, 
and complex stakeholder interactions, which amplify social inequalities and worker health risks. This 
study addresses these gaps by advancing the SLCA methodology to develop a scalable framework 
tailored to e-waste management systems. By tailoring the methodology to these sector-specific issues, 
the study ensures practical applicability and equips stakeholders with data on the overall management of 
e-waste systems. 

The study begins with a literature review, expert input, and validation of 60 social indicators and 32 
subcategories of impact for five stakeholders, alongside clear definitions and data requirements. Key 
advancements include developing a calculation method for social performance that aggregates, 
normalizes, and assigns weights to present results at the subcategory level rather than individual 
indicators. For social risk assessment, two approaches are introduced: one for social impact 
subcategories and another focusing on health and safety risks specific to the sector. A model for social 
hotspots that links health and safety risk with exposure time and number of workers involved, providing a 
more accurate identification of critical points within e-waste systems. A spreadsheet tool incorporated 
these methodological improvements, enabling companies and stakeholders to calculate social impacts.  

A case study of an e-waste management company in Ecuador was used to test the methodological 
advances and the tool proposed. The results show that the weighting of indicators generates a 
percentage of their direct influence on subcategory outcomes, underscoring the need for diversified 
strategies encompassing all indicators within an impact subcategory to improve social performance. 

Regarding social risk, the two proposed approaches contribute to identifying risks within the system, 
particularly prioritizing health and safety risks. These pose the most immediate challenges in e-waste 
management due to hazardous conditions such as toxic exposure and unsafe practices, which 
significantly impact workers' well-being. As for social hotspots, the analysis of risk interaction, exposure 
time, and the number of people involved allows for a more precise identification of critical areas.  

The methodological contribution lies in developing a framework adapted to e-waste systems, enabling 
comprehensive evaluation through performance, risk, and hotspot assessments. This enables 
stakeholders to effectively identify vulnerabilities, prioritize targeted interventions, and make informed 
decisions to address systemic societal challenges in e-waste management. 
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Abstract 

Artisanal and small-scale mining (ASM) in sub-Saharan Africa plays a critical role in local economies, 
providing livelihoods to millions. However, its predominantly informal nature poses significant 
challenges, including inefficiencies, unsafe practices, and limited economic potential. Formalization 
of ASM, particularly through cooperative building and group organization, is often proposed as a 
solution. Despite its importance, there is limited in-depth analysis of the nuances and effectiveness 
of cooperative models. This thesis explores the formalization of ASM in Angola, focusing on 
"development minerals" and examining cooperative building as a strategy for achieving sustainable 
growth in the sector.  

The research addresses the following key questions:  

1. How do existing organizational structures and practices within ASM communities in Angola align with 
cooperative-building strategies?  

2. What are the main challenges and gaps in implementing cooperative models for ASM formalization 
in Angola?  

3. How can cooperative-building initiatives be restructured to balance top-down formalization efforts with 
the realities of grassroots operators?  

The overarching objective is to analyze the organizational and regulatory dynamics of ASM in Angola to 
provide actionable insights for refining cooperative-building strategies as part of the formalization 
process.  

The study employs a three-pillar analytical framework—comprising “Social Capital,” “Local Economic 
Development,” and “Pro-Poor”—to investigate ASM's organizational and regulatory landscape. Data 
collection involved:  

1. Focus groups with mine operators and grassroots stakeholders to map informal ASM structures and 
relationships.  

2. Semi-structured interviews with government officials to understand regulatory perspectives and 
challenges.  

3. Analysis of industry briefs and archival documents to contextualize policy dynamics. This mixed-
methods approach facilitated a comprehensive examination of both grassroots realities and policy-level 
strategies. 

The findings reveal a significant disconnect between the cooperative-building strategies promoted by 
external stakeholders (e.g., donors, private sector partners, and governments) and the actual 
organizational dynamics within ASM communities.  

The study highlights that existing top-down approaches fail to account for the nuanced social and 
economic realities of ASM operators. The thesis concludes that successful formalization via cooperative 



building requires a paradigm shift. This entails a collaborative approach—referred to as "striking a 
balance"—that integrates grassroots perspectives into formalization schemes. By aligning cooperative-
building strategies with ASM's existing frameworks, policymakers can create more effective, inclusive, and 
sustainable pathways for formalization in sub-Saharan Africa. 
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Abstract 

As a system of interconnected industries or processes, Industrial ecology focuses on industrial activities 
such as industrial symbiosis (Chertow, 2000; Fischer‐Kowalski & Hüttler, 1998). Industrial symbiosis 
includes a geographical limited exchange of resources, such as knowledge or materials of traditionally 
separate entities. This resource exchange can be a way to limit environmental impacts  by increasing 
circularity. As a parallel connect, urban symbiosis focuses on involving cities or other urban entities in a 
synergetic exchange. Existing literature reviews within the area of industrial symbiosis or urban symbiosis 
lack an overview on possible indicators for evaluating environmental impacts. The most fitting work in this 
field was done by Valenzuela-Venegas et al. who focus on eco-industrial parks and analyze applications 
to identify indicators measuring sustainability (Valenzuela-Venegas et al., 2016). With the focus of eco-
industrial parks, essential aspects of industrial and urban symbiosis as well as circular economy are left 
out.  

To fill this gap and broaden the scope, a scoping review has been done, providing an overview of existing 
environmental indicators in the area of industrial symbiosis and urban symbiosis used in the scientific 
and gray literature. To include all application areas and synonyms, eco-industrial parks and circular 
economy on the meso level are included in the scope of this work, resulting in a comprehensive and 
exhaustive overview. The overview results 618 comprehensive indicators, extracted from 3241 indicators 
across 457 identified sources. Therefore, the overview provides a basis to assessment frameworks by 
revealing all currently applied indicators, so individual frameworks can pick relevant indicators without a 
dedicated literature review. To get more information, additional aspects are analyzed including aspects 
such as frequency of use, possible categories and type among others. These aspects are also analyzed 
over time to see future trends. As a result, it was verified that most-used indicators focus on carbon 
emissions, global warming potential and energy use as well as waste, water and material use or 
generation. Therefore, this overview of indicators of industrial and urban symbiosis forms a good basis for 
building frameworks in the field of environmental assessment. 
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Abstract 

Within the product life cycle, the user's decision regarding disposal (i.e. getting rid of the product) at the 
end of the utilization phase plays an important role in terms of the service life of a device of electrical and 
electronic equipment (EEE). This article first examines the ‘whether’ and ‘how’ of the disposal decision 
from an economic perspective. The costs of ownership, the utility of ownership, and disposal costs are 
identified as the key determinants for this decision. It is the costs of ownership that is the actual cause of 
the will to dispose, and it is the latter two determinants that prevent the user from disposing of them. 
While the size of the utility of ownership is already frequently analyzed in the discourse on repair, the 
perspective of disposal costs seems to receive little attention. Therefore, the article continues to 
investigate the extent to which the determinant of disposal costs can be put to use for regulation towards 
a circular economy. To this end, three disposal paths (circular, official-final, illegal), the regulatory 
objectives associated with them (prevention, safe disposal) and the types of hurdles associated with the 
respective disposal path (pecuniary, transaction costs, spatial, sanctional) are considered. The result is a 
complex situation for regulation, not least because of a path of illegal disposal that is not easy to control, 
which makes it difficult to simply apply economic pricing instruments. Instead, the concept of ‘hurdle 
management’ is introduced, which offers a perspective for future regulatory efforts with regard to 
disposal costs.  
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Abstract 

Research highlights the significant potential for applying circular economy (CE) principles and practices 
in the construction sector to attain a built environment with reduced resource consumption, extended 
material lifecycles, and minimized waste (Munaro et al., 2020). In practice this necessitates a 
reconfiguration of value chains shifting away from linear processes and the silo approaches that 
characterize the construction sector (Dewagoda et al., 2022). Various studies propose that digitalization 
driven by cyber-physical and software-based technologies (Meuer et al., 2019) can act as key enabler 
aiding the transition towards circular practices in the construction sector (Illankoon et al., 2023), for 
instance through material tracking, optimizing resource flows, and facilitating predictive maintenance 
(Chauhan et al., 2022). To date much research has focused on the theoretical exploration of the link of 
digitalization and CE, and empirical research on the actual use of digital technologies for implementing 
CE principles in value chains in practice is mostly limited to case studies (e.g., Thakuri et al., 2024; Cetin 
et al., 2022). 

This study presents findings of a survey with company representatives from across the construction value 
chain regarding their use of ten key digital technologies in conjunction with ten main circular economy 
practices. The survey was conducted in Switzerland. Its construction sector remains the greatest 
contributor to the country’s CO2 emissions and wastes, wherefore the adoption of digital technologies to 
aid CE practices in construction is gaining momentum, supported by national goals and the development 
of collaborative research and practitioner networks (BAFU, n.d., Swissbau, 2024). The survey primarily 
uses closed questions to assess which digital technologies are adopted, motivations and goals of 
technology adoption, application across value chain steps, and the link of digital technologies to CE 
practices (data collection ongoing). Sampling included scanning publicly available company data and 
private contacts from relevant networks (e.g., Bauen Digital Schweiz). Data are collected and analyzed 
anonymously via Qualtrics. The findings of the study are corroborated with interviews with selected 
company representatives covering different value chain steps and company sizes (data collection 
ongoing). 

This research offers valuable empirical insights into the intersection of digitalization and CE in the 
construction sector as empirical groundwork for future research on digital innovations driving CE in the 
industry. Locally, the state-of-the-art knowledge of implementation in Switzerland can offer a starting 
point for industry and policy-making for defining targeted measures on how to foster digital technologies 
that support more sustainable and digitalized construction practices.  
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Abstract 

The Democratic Republic of Congo (DRC) has the world’s largest reserves of critical minerals, including 
cobalt, coltan, copper, and gold. A significant portion of critical minerals, 10 to 30%, comes from the 
artisanal sector (Umpula and Bisil 2023). Artisanal and small-scale mining (ASM) remains one of the main 
sources of employment for Congolese citizens, yet over 90 percent of minerals are exported (Hayes and 
Perks 2011). Consequently, Congolese communities rarely reap the benefits of the critical mineral trade 
and rather face extreme poverty, harsh labor conditions, and continued exploitation and predation by a 
myriad of actors. Moreover, a large percentage of critical minerals produced via ASM is smuggled out of 
the country, depriving the government and communities of critical revenue and development benefits. In 
this paper, we examine the challenges around implementing policies to regulate and formalize artisanal 
mining in DR Congo. For example, while the Authority for the Regulation and Control of Strategic Mineral 
Substances Markets (ARECOMS) and the Ministry of Mines have been tasked to regulate the export of 
critical minerals and facilitate ethical sourcing for ASM, progress has been incredibly slow and hampered 
by illegal mining and smuggling. Most recently, Chinese nationals were arrested for running an illegal gold 
mine in the South Kivu province and smuggling it to neighboring countries (Sharma 2025). They were 
subsequently freed, despite owing the government $10million in taxes and fines (Reuters 2024). These 
illegal operations and unlicensed extractions continue to undermine efforts to clean DR Congo’s mineral 
sector and pose significant challenges to longstanding issues within ASM that fuels armed conflict, 
corruption, and human rights abuses. Overcoming these challenges requires strict adherence to mining 
regulations and accountability by nationals and investors alike. We argue that in order to develop the ASM 
sector in a fair and sustainable way that benefits local communities, DRC’s regulatory capacity and 
environment must be supported by multilateral governance and partnerships. Drivers for change and 
sustainable development need to be a joint endeavor, with regional economic organizations and 
partnerships playing a renewed role. 
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Abstract 

The deep seabed beyond national jurisdiction, known as the Area, is recognized as the common heritage 
of mankind under international law. A core element of this principle is the requirement to preserve the 
Area and its resources for current and future generations. But what does it mean to preserve these 
resources "for current and future generations," and does this obligation carry legal weight? 

My paper examines the legal implications of this requirement, arguing that it imposes distinct obligations 
on both states and the International Seabed Authority (ISA), the international body responsible for 
managing the Area. The mandate to preserve resources for present and future generations links the 
common heritage of mankind principle to the concepts of intergenerational equity, intragenerational 
equity, and sustainability, providing a framework that redefines its relevance in the contemporary context 
of deep seabed mining. 

In doing so, the paper explores the ISA’s mineral production policy, addressing the management of deep 
seabed minerals as a non-renewable resource. Sustainable management, in this context, means that 
resources cannot be fully depleted by the present generation but must be used in a way that leaves 
sufficient reserves for future generations. This requires the ISA to carefully balance economic 
development and resource conservation when developing its mineral production policy. 

The second obligation emerging from this requirement is reflected in the specific obligations of states, the 
ISA, and contractors when conducting activities in the Area, to protect the marine environment. These 
obligations include ensuring that the marine environment is preserved, minimizing harm to deep-sea 
ecosystems, and implementing effective conservation measures. This analysis highlights how the 
preservation requirement for future generations is intertwined with broader environmental sustainability 
goals. 

The paper also examines the alignment of policies and practices of the International Seabed Authority 
(ISA) with Sustainable Development Goals (SDGs). It delves into how the ISA’s regulatory framework and 
operational strategies reflect the broader objectives of sustainable development. In this analysis, the 
paper pays special attention to the ISA's voluntary commitments to SDG 14, which aims to conserve and 
sustainably use the oceans, seas, and marine resources.  

The paper concludes that the requirement to preserve the Area for current and future generations carries 
substantial legal weight, promoting a framework of equitable, sustainable resource use and robust 
environmental protection in the governance of deep seabed activities. 
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Abstract 

The digital revolution has transformed not only communication methods but also our understanding of 
culture and human behavior in the modern era. Human-centered design now plays a pivotal role in 
decoding human intuition, which marketing departments leverage to craft consumer behavior. By 
employing tailored visuals, compelling messages, and strategically designed product packaging, they 
influence individual decision-making processes in increasingly shorter timeframes. 

This paper delves into the intricacies of consumption behavior, including purchasing modes, influencing 
factors, and social patterns. Through case studies, it explores the narratives of packaging—focusing on 
visual elements such as color, imagery, fonts, and symbols—to understand how eco-sensitive 
information impacts consumer purchasing habits. The research incorporates both primary and secondary 
data. At the primary level, a survey investigates consumer perceptions of online and offline shopping, 
emphasizing factors like product composition, ingredients, sourcing, and packaging materials. Secondary 
data is drawn from articles, published research, reviews, magazines, government reports, and case 
studies to substantiate the findings. 

Key aspects of decision-making include economic cost analysis for producers, cost transfer to 
consumers, awareness, branding language, and design elements such as shape, material, and size. The 
study further investigates trends in sustainable and recyclable flexible packaging, focusing on redesign, 
eco-labeling, and sustainable packaging practices. 

Additionally, the paper scrutinizes laws and regulations in developed and developing countries, 
examining their impact on sustainable practices. Regulations like the Toxic Substances Control Act, 
Clean Air Act, Clean Water Act, and Resource Conservation and Recovery Act (RCRA) are evaluated for 
their role in promoting clean production processes. The study also considers how concepts such as eco-
labeling and geographical indications drive market demand for sustainable products. 

The research concludes by identifying key drivers of change—innovation, design, and digitalization—and 
their impact on the industry. It highlights effective tools and components shaping the future, including 
contributions from local communities and small businesses, as well as actionable and minimalist design 
solutions for sustainable packaging. 
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Abstract 

Company-community relationships are increasingly seen as vital tools for promoting local development. 
These relationships often take the form of provisions for income distribution, local investments, 
environmental protection, and socio-economic development. Historically perceived as transactional, the 
substantial financial commitments highlight their potential for significant community impact. However, 
there is a pressing need for robust evaluation systems to measure the socio-economic outcomes of these 
investments. Data from 42 mining companies reveals inconsistencies in how Community and Social 
Investment (CSI) are defined and reported. From 2018 to 2022, CSI-to-EBITDA ratio varied between 0.1% 
to 4.7%. While CSI-to-Revenue ratio varied between 0.01% and 1.97%. Significant events, like the 
Brumadinho dam disaster and the COVID-19 pandemic, influenced these investments. However, detailed 
reporting on CSI projects remains limited, with inconsistencies in the types of projects funded and their 
impacts. This underscores the need for improved transparency and evaluation to ensure these 
investments effectively contribute to local development. 
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Abstract 

Although all great ape species are listed as Endangered or Critically Endangered on the IUCN Red List, 
large-scale development projects (e.g., extractive, renewable, infrastructures) continue to be allowed in 
great ape habitat, negatively impacting their populations. According to best practice guidelines, a project 
located in great ape habitat must demonstrate that it has tried everything to first avoid, then minimize, 
restore and finally offset residual impacts. However, considering the slow reproductive rate of apes, the 
uncertainty in population estimates and of offset success, as well as the time lag in securing gains, the 
resulting requirement for an ape offset is usually quite large even if the residual impacts on their 
population are small. Given the large number of existing and planned projects in ape habitat, the question 
arises as to whether there is enough ape habitat left to offset for all of these projects. Furthermore, at the 
moment there is no example of a successful offset for apes; however, projects continue to operate and 
rely on offsetting to compensate for their impacts . 

We present here the case of the Republic of Guinea where the mining sector is increasing its activities 
rapidly and impacting the Critically Endangered western chimpanzee (Pan troglodytes verus). The country 
will shortly face a shortage of potential offset sites for chimpanzees, highlighting the need for prior 
planning at the national level to allow for development and conservation to co-exist. Furthermore, it 
underscores the weak commitment of projects to avoid their impacts on apes and their habitats from the 
onset. We will present an innovative approach to compensate for residual impacts on chimpanzees by 
proposing that a mining company acquires another mining permit, located in a biodiversity-sensitive area 
with unmitigable impacts to a World Heritage Site, to offset their residual impacts on chimpanzees.  
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Abstract 

Introduction: The rapid advancement and integration of Artificial Intelligence (AI) technologies offer 
numerous benefits but also poses significant societal risks. Countries are developing guidance and strategies 
for coping with specific AI debates that are not keeping up with the rapid pace of AI expansion. Low-
income countries (LICs) are at an early stage in these discussions starting with covering sectors like 
healthcare and education. Considering the different technological AI developments in LICs and the other 
regions, a distinction of the impacts between them seems relevant. 

Objective: This paper aims to present findings on societal risks associated with AI from a life cycle perspective 
and distinguishing impacts on LICs from the other regions. 

Method: The Social LCA (S-LCA) method according to UNEP (2020) and the ISO 14075:2024 on S-LCA is 
applied to AI systems distinguishing in the discussion social impacts on LICs from those on other regions. The 
life cycle perspective leads to considering the (increasing amounts of) energy use by the AI systems. Following 
aspects raised in the UNEP (2020) framework were considered: labour rights, privacy, and contribution to 
economic and technology development. 

Results: The UNEP (2020) framework proved to be a good starting point for identifying and assessing the 
social hotspots. However, some adaptation was needed to better assess the impacts, particularly, on the 
‘society’ stakeholder group. New social impact categories for the stakeholder ‘society’ include 
‘inclusiveness’, ‘job creation and displacement at societal level’, ‘access to basic services’ and ‘healthy 
governance’. 

The adoption of AI in LICs is far from uniform and underdeveloped with exacerbated (a) risks for their societies 
and (b) potential of growing disparities in terms of benefits compared with the other regions in the world. Risks 
identified include accentuated social inequality, societal biases, and labor market instability. AI systems can 
increase productivity through automation, leading to workers migration and economic divides. AI codes and 
algorithms can perpetuate biases, leading to discrimination when accessing to jobs, public 
or private services, and financing. Individual risks arise from AI's basis on large amounts of private data 
which could be misused on top of ownership questions. AI's capacity concentrated  in few entities and 
countries increases the risk of unbalanced power-relationships jeopardising democratic systems, and 
weakening diversity in decision-making processes (Khan et al., 2024). While acknowledging the 
opportunities AI can provide to societies towards global sustainability, the evident challenges need to be 
carefully considered before promoting and making-decisions based on AI results. 
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Abstract 

The extractive industries play a critical role in the economic development of many countries. The 
Artisanal and Small-Scale mining (ASM) a subcategory of the extractive sector provides livelihoods to over 
44 million people directly (World Bank, 2024). However, ASM is fraught with complex challenges that 
undermine its sustainability. Some of these issues include illegal mining, human rights violations, and 
environmental degradation are highly prevalent (Zvarivadza, 2018). In efforts to promote sustainability, 
the sector has designed different approaches to minimize and mitigate the prevailing challenges. The 
concept of ethical sourcing, traceability, and transparency has emerged as a potential solution to 
address the pervasive challenges within the sector ( Calvão & Archer, 2021). To strengthen these efforts, 
advanced technologies such as blockchain are being proposed to enhance traceability 
frameworks.  offering a more effective approach to tackling issues that traditional methods have 
struggled to resolve. 

This study investigates how blockchain technology can enhance mineral traceability and ethical sourcing 
in ASM operations. The primary goal of the study is to assess the feasibility and impact of blockchain-
enabled systems in addressing traceability in the ASM sector. A socio-technical framework was adopted, 
combining case studies from gemstone mining in Kenya with blockchain system design principles. The 
study analyzed key challenges in ASM traceability, such as data collection and verification, and evaluated 
blockchain’s ability to mitigate these issues. Stakeholder interviews and a review of existing blockchain 
applications informed the analysis. 

Preliminary findings demonstrate that blockchain technology can create secure, immutable records to 
track minerals from extraction to market, significantly improving transparency. Real-time data sharing 
and accountability mechanisms foster trust among stakeholders while reducing risks associated with 
conflict minerals. However, challenges such as technological barriers, high implementation costs, and 
limited digital literacy among miners remain significant. In conclusion, Blockchain presents a promising 
solution for addressing traceability and governance challenges in ASM. To maximize its impact, 
supportive policies, capacity-building initiatives, and multi-stakeholder collaboration are essential. This 
study contributes practical insights into leveraging digital innovation for sustainable resource 
management. 
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Abstract 

The study examines the practices, schemes, and smuggling routes of gold and diamonds within and 
beyond the Mano River Union (MRU). The study uses desk research and interviews with key informants 
and stakeholders and draws on the research team’s expertise in artisanal and small-scale mining (ASM), 
gold and diamond supply chains, and illicit financial flows (IFFs) in West Africa. Findings reveal that gold 
smuggling thrives due to weak enforcement and regulatory gaps, but diamond supply chains have lower 
smuggling rates and value IFFs due to changing market dynamics and regulatory efforts. Both 
commodities are linked to money laundering activities, including real estate investments, casinos, and 
trade-based schemes. Although no direct links between ASM and terrorist financing were found, risks 
persist due to the proximity of ASM hotspots to conflict zones. The study discusses how market dynamics 
shape IFFs, IFFs risks in the ASM sector, and lessons learned from efforts to regulate the ASM sector and 
associated supply chains. The study recommends multi-faceted, regional, and national strategies to 
address smuggling and IFFs in the MRU. 
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Abstract 

In the Netherlands, sand and gravel extraction has been a complex spatial issue for decades. This 
complexity is related to the geologically limited occurrence of extractable quantities of surface 
minerals. This gives excavations a special place in spatial planning, especially for large-scale 
regional extractions that require a lot of transport movements. Extractions regularly evoke 'Not in my 
backyard' emotions. The political-administrative approach to this issue also adds to the complexity. 
The national government withdrew from this file in early 2000 and left it to provinces, municipalities 
and the market. With that, the planned approach disappeared. The anticipation of how to deal with 
the future demand for sand has much room for improvement. A clear national supply strategy and 
integrated building materials strategy linked to a spatial assessment framework is lacking. A number 
of extraction licenses will soon expire, reducing the supply of sand. With the large construction 
projects in our country, this could lead to price increases and major implementation problems. It is 
time for the central government to take the lead again. Or are there other solutions possible? And can 
And what contribution can sand and gravel extraction make to the major societal challenges of 
climate adaptation and energy transition? And how can residents play a meaningful role in these 
tasks. Here, the role and significance of citizen science through Climate Cafes is outlined.  
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Abstract 

The hospitality sector, particularly small and medium-sized enterprises (SMEs), plays a crucial role in 
addressing global environmental challenges such as climate change, resource depletion, and waste 
generation. This research focuses on the adoption of circular economy (CE) practices in SMEs within the 
hospitality sector of Limburg, the Netherlands. The region, known for its thriving tourism and culinary 
heritage, presents unique opportunities for implementing sustainable business models that prioritize 
resource optimization, material circularity, and waste reduction. 

Using a mixed-methods approach, this study combines quantitative data from surveys distributed to 
hospitality SMEs with qualitative insights from in-depth interviews and case studies. The survey assesses 
current awareness, attitudes, and practices regarding CE, as well as the barriers faced by SMEs in 
adopting these principles. Key obstacles identified include financial limitations, knowledge gaps, and the 
lack of technological resources. Interviews with key stakeholders provide deeper insights into the 
challenges and opportunities for integrating CE practices, while case studies of successful 
implementations highlight best practices and success factors. 

Preliminary findings reveal that while awareness of CE concepts is growing, there is significant variation in 
the level of adoption across businesses. Resource optimization, waste reduction, and digital integration 
are among the most promising areas for improvement. However, many SMEs require additional support in 
the form of policy incentives, access to funding, and tailored training programs to fully embrace circular 
practices. The study also explores the role of regional governments and industry associations in creating 
an enabling environment for CE adoption. 

This research contributes a framework specifically designed to integrate CE principles into the daily 
operations of hospitality SMEs, addressing their unique challenges and leveraging their potential for 
sustainable growth. Additionally, it evaluates the environmental and economic benefits of CE 
implementation, demonstrating how these practices can reduce waste, lower costs, and enhance 
business competitiveness. Recommendations for local policymakers and industry leaders include 
targeted financial incentives, improved access to digital tools, and collaborative initiatives to foster a 
circular economy mindset. 

By focusing on Limburg's hospitality sector, this study provides region-specific insights that are relevant 
to both industry practitioners and policymakers. The findings aim to promote sustainability and resilience 
within the hospitality industry while offering a replicable model for other regions and sectors seeking to 
transition towards circular economy practices 
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Abstract 

Mining is one of the most energy-intensive industries; mining relies heavily on fossil fuel-based energy 
sources to extract, process, and transport materials. With the Paris Agreement serving as the key 
framework guiding global climate action, there has been rising pressure from governmental bodies, 
environmental organisations, investors, and consumers that urges businesses to prioritise stewardship 
(Young et al., 2021). This has led to significant momentum in recent years, with mining companies 
increasingly adopting strategies that prioritise the reduction of carbon emissions to meet corporate, 
national, and emission reduction targets – in many cases by up to 30–40% in the next 10–15 years 
(AngloAmerican, 2023; Barrick Corp, 2023; BHP, 2024). These strategies include integrating cleaner 
technologies, improving operational efficiency, and participating in carbon offsetting initiatives such as 
carbon sequestration. However, the transition is complex, as it requires overcoming technical, financial, 
and infrastructural challenges, depending on the mining operation's specific geographical positioning and 
nature (Richards et al., 2022).   

The results are outcome of a desktop study that analysed secondary source documents, focusing on 
various unit operations in mining companies and the extent of their Scope 1, 2, and 3 emissions. The 
study also examined the decarbonisation strategies employed by mining companies worldwide to reduce 
emissions and assessed their adaptability to the Namibian context. Preliminary findings showed that 
mining operations in Namibia rely heavily on electricity and diesel, major contributors to carbon 
emissions. Currently, 61% of Namibia’s energy is imported from Eskom in South Africa, where the power 
is primarily generated from coal-fired stations, resulting in a high emission factor of about 1.02 
TCO₂/MWh (IGES, 2024). Most of this electricity is consumed by critical functions such as dewatering, 
mineral beneficiation, and supporting town infrastructure. Despite efforts to improve efficiency, the high 
reliance on fossil-based energy contributes significantly to the company’s carbon footprint. Similarly, 
diesel consumption, essential for drilling, excavation, and load and haul operations, is another significant 
source of emissions. Even though some mines have introduced more fuel-efficient equipment, overall 
diesel consumption remains high, leading to substantial carbon emissions and operational costs. Some 
Namibian mining companies, such as B2Gold and Husab Mines, have already begun generating part of 
their energy needs through 7 and 12MV solar PV systems respectively. However, additional measures—
such as introducing electric trucks, adopting more efficient and cleaner production methods, and 
implementing carbon sequestration technologies—are necessary to achieve meaningful decarbonisation 
in the mining sector. 
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Abstract 

In Pakistan, the use of lead-acid batteries has grown significantly due to frequent power outages. The 
battery market is valued at approximately USD 84.34 million in 2025 and is projected to grow at a 
compound annual growth rate (CAGR) of 10.35%, potentially reaching around USD 138.01 million by 
2030. This demand is driven by households and businesses seeking reliable backup power solutions, 
making lead-acid batteries a popular choice for energy storage. 

Recycling of used lead-acid batteries (ULABs) offers significant revenue for recyclers due to the high 
market demand for lead, especially in new batteries. However, in the absence of regulatory frameworks, 
the informal sector dominates the recycling industry. This sector often employs outdated methods, such 
as open-air smelting, and improper disposal of lead dust, slag, and acid residues. These practices not 
only lead to material losses and environmental contamination but also pose serious health risks, 
including lead poisoning. 

This study aims to present a detailed material flow analysis (MFA) of ULABs recycling in Pakistan, tracing 
the movement of materials through their lifecycle — from collection and dismantling to recycling and 
reuse. It will further assess the economic dynamics within this sector to evaluate whether it is yielding 
profits or losses for stakeholders. Finally, this study will recommend circular economy interventions for 
local ULABs recycling. The study is in progress, so detailed results will be presented at the conference. 
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Abstract 

Demand for rare earth permanent magnets (REPMs), especially neodymium-iron-born (NdFeB) magnets, 
has grown drastically the past decades and is expected to increase further due to their use in electronics, 
electric vehicles and wind turbines. Rare earth supply challenges have increased the urgency to recycle 
end-of-life REPMs, especially in countries without significant primary production or refining capacity like 
Japan or the European Union. REPM recycling has proven to be environmentally friendly compared to 
primary production of rare earths (Sprecher et al., 2014; Jin et al., 2018), but it has not yet been 
implemented on a large scale.  

Different ways of recycling exist, potentially with varying environmental hotspots. In this ongoing 
research, we use Life Cycle Assessment (LCA) to assess the environmental impacts of two different 
REPM magnet recycling routes: 1) short loop hydrogen-based recycling and 2) long loop 
hydrometallurgical recycling. These recycling routes are complementary, because choice for a particular 
recycling route depends on the type of magnet waste and the desired magnet grade and application of the 
recycled magnet. Using data collected from industry partners establishing a European secondary rare 
earth supply chain we will conduct an ex ante LCA to translate the environmental impacts in the pilot 
phase to industrial scale impacts. 

We expect the short loop recycling route to be more environmentally friendly, due to lower 
energy and chemical consumption compared to the hydrometallurgical route. However in some 
cases the hydrometallurgical route may be preferable, for example when the magnetic scrap is 
of low quality or a specific magnetic grade is required for the recycled magnet. Furthermore, we 
expect both recycling routes are associated with lower environmental impacts than magnets 
produced from virgin materials.  

Gaining insight into the different existing REPM recycling technologies and the environmental impacts 
associated with them will contribute to effectively handling the increasing waste streams of end-of-life 
magnets and using their resource potential in a sustainable way. Increased understanding is required to 
decide which recycling technologies are most suitable for different waste streams and varying magnet 
compositions. These results will be used to inform policy-making and company decisions to develop 
sustainable secondary rare earth supply. 
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Abstract 

Built environment, as one of the key resource hotspots, stands for about 42% of annual global CO2 
emissions. Emerging resource flows among different urban  systems (e.g., buildings, mobility, energy, 
digitalisation, etc) calls for establishing new structural couplings to support integrated urban energy 
system (cf. Baars et al. 2023). This study will discuss the potentials and challenges to the infrastructure 
planning in creating a low-carbon built environment by drawing on the concepts of sector coupling (cf. 
Robinius et al. 2017; Wietschel et al. 2019; Münster et al. 2020) and smart cities (cf. Tranos and Gertner 
2012; Joss et al. 2019; Karvonen et al. 2020). The infrastructure planning pathways and practices for the 
new city-district of Dietenbach in Freiburg will be targeted to provide insights into the possible patterns 
and development of energy-mobility-digitalisation nexus for a low-carbon Dietenbach. The key research 
questions are: What are the sector coupling pathways in place for enhancing energy-mobility-
digitalisation nexus in Dietenbach? What is the role of territorially based governance structure and 
circular business models to enable sector coupling innovations?  

The results shows that sector coupling helps policymakers and practitioners in avoiding rebound effects, 
saving resources and gaining synergies. However, there is not necessary governance, institutional and 
organisational arrangements in place to support sector coupling among different systems in Dietenbach, 
which may create unstable infrastructure planning with additional financial risk and increased 
environmental impacts. With increased complexity of infrastructure planning, digitalisation might 
enhance coupling among different urban systems for a low-carbon built environment (Mahzouni 2025:6).  
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Abstract 

Saudi Arabia is increasingly establishing itself as a significant player in global mineral supply chains, 
leveraging its Vision 2030 program to expand its influence. With an estimated $2.5 tril-lion in untapped 
domestic reserves and substantial investments in both international mining projects and domestic 
processing capacities, the Kingdom seeks to position itself as a pivotal ac-tor in global markets. A state-
led approach, underpinned by the Public Investment Fund (PIF), enables Saudi Arabia to act swiftly and 
with financial strength. These developments reflect, first, efforts to advance national objectives and, 
second, a strategic ambition to establish and to exert control over transnational resource flows. 
This paper employs a realist framework of economic diplomacy, drawing, among others, on the work of 
David Baldwin (2020), to analyse how Saudi Arabia strategically utilizes diplomatic and financial 
instruments to pursue these ambitions. The Kingdom actively engages through strategic investments, 
bilateral agreements, and strategic partnerships. It is increasingly exerting influence over the global 
governance of critical minerals—a system that is not controlled by a single regulatory regime but is 
instead shaped by a multiplicity of institutions (Srivastava and Atul, 2024). 
The Future Minerals Forum (FMF) plays a central role in these efforts, positioning Saudi Arabia as a hub for 
international resource diplomacy. By presenting itself as a geopolitically neutral and reliable partner, the 
Kingdom cultivates strategic relations with major economies such as the United States and China while 
simultaneously strengthening partnerships with resource-rich nations in Africa and Latin America. 
A relevant sub-question concerns Saudi Arabia's influence on sustainability standards and transparency 
in the mining sector (Franken and Schütte, 2022). While the Kingdom has committed to adhering to global 
best practices, governance gaps—especially in the realm of social governance, transparency, and 
accountability—raise critical concerns. The extractive sector's exposure to direct political control, 
particularly through the dominance of the PIF as a key driver of the Kingdom’s mining investments, 
amplifies concerns over governance models and regulatory oversight. 
By analysing policy documents, investment patterns, and qualitative interviews, this study examines 
Saudi Arabia’s economic diplomacy efforts in the mining sector, paying attention to (potential) influence 
of multilateral governance structures. As a rising and increasingly influential actor, the Kingdom’s mode 
of engagement will play a decisive role in shaping the future of global resource governance, supply chain 
resilience, and sustainability. 
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Abstract 

Introduction 

The global energy transition causes increased extraction of minerals such as copper and nickel to 
produce renewable energy technologies. While the transition mineral boom can be a development 
strategy for resource-rich countries, the same resources can exacerbate corruption risks in countries 
with weak governance. As the world’s second largest producer of nickel, the Philippines is expanding its 
extractive industry to capitalize on the energy transition. However, corruption is prevalent and the rule of 
law is weak, with adverse socio-economic outcomes, including high poverty levels, particularly in mining 
host communities (Asuncion, Skensved, & Ubaldo, 2024). 

Objectives 

This paper analyzes corruption risks in the nickel industry through beneficial ownership (BO) mapping. 
The research question explores: “How can digital tools be utilized to visualize BO structures and mitigate 
corruption risks in the extractive industry?”. 

Approach 

The paper employs Acemoglu, Johnson and Robinson’s (2005) framework on institutions and their 
significance for developmental outcomes. The methodology relies on the digital tool, draw.io, to conduct 
BO mapping that identifies red flags from politically exposed persons, and calculates the extent of 
political ownership in the extractive industry. 

Results 

The findings show 9 out of 37 nickel mining operations are controlled by incumbent politicians, 
corresponding to 29% of the nickel tenement areas in 2024 (Skensved, 2024). These findings are based on 
publicly available data, as laws governing BO data transparency are weak in the Philippines. The 
excessive influence of political actors over mining operations showcases the extractive nature of 
institutions. It exposes how political actors are consolidating their power through transition mineral 
mining, by exploiting institutions for their own interests. Meanwhile, the imbalance in distribution of 
resources causes further adverse development outcomes for mining communities, including 
environmental degradation, livelihood loss and health concerns. Furthermore, mining intensifies state-
driven violence against communities as militarization is employed to diminish legitimate opposition to 
mining projects. 

Conclusion 

The use of digital tools for BO mapping can raise public awareness on an otherwise complex topic. 
Visualizing data on an interactive map can highlight the significance of the problem and translate 



knowledge into action to mitigate corruption risks and strengthen institutions that benefit society. BO 
mapping is a useful analysis tool to identify corruption risks and to empower civic space to apply pressure 
to the political system, in order for BO registries and maps to be institutionalized by governments, to 
enhance transparency in natural resource governance for the benefit of society. 
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Abstract 

The global push for renewable energy and sustainable mobility has intensified the demand for 
batteries, making them essential in electric vehicles, portable electronics, and stationary energy 
storage applications. While their environmental footprint is widely studied, the social 
dimensions are not well explored. This research presents a Social Life Cycle Assessment (S-LCA) 
of lithium-iron-phosphate (LFP) batteries at a pilot-scale, emphasizing the social sustainability 
aspects of battery production and supply chains. 

This study investigates the socio-economic implications of raw material extraction, processing, 
and battery manufacturing. While cobalt-free LFP batteries offer a promising alternative to 
mitigate sustainability concerns, challenges persist in assessing the broader social 
sustainability of battery production. The study applies the S-LCA framework, integrating primary 
data from the pilot production line with secondary and generic data. Using a monetary flow-
based impact assessment, the methodology maps economic activities to social risks across the 
LFP battery supply chain. 

A key challenge in implementing S-LCA using these databases is the reliance on a baseline 
economic model that often lacks robust methodologies to capture the evolving dynamics of 
labour rights, supply chain vulnerabilities, and local community impacts. Additionally, economic 
factors such as raw material price volatility further complicate the interpretation of social 
sustainability indicators. 

These challenges are particularly evident in the anode and cathode production stages, which emerge as 
the most significant social hotspots due to risks related to labour conditions, occupational hazards, and 
child labour in raw material extraction. Further obstacles include data granularity limitations, stakeholder 
transparency issues, and methodological constraints. Addressing these concerns requires strengthened 
collaboration across academia, industry, and governance to ensure a socially responsible approach to 
battery development. 
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Abstract 

Several circular business models (CBM) are emerging around the world due to pressure for a transition to 
circular economy but under different socioeconomic and legal realities among countries. For instance, 
developing countries often faces barriers such as lack of a solid legal basement, difficulty to create local 
productive arrangements, unsustainable economic growth, high informality, among others. 
Notwithstanding, in Brazil, circular business models in the WEEE sector are emerging driven the recent 
regulations related reverse logistic systems. Although solid waste national policy is from 2010, only a few 
years ago a legal movement started the implementation of WEEE reverse logistic. Under this scenario, the 
research question was: what are the emerging circular business models in the WEEE sector in Brazil? To 
fill this gap, the aim of this paper was described the circular business models in the WEEE sector in Brazil 
and the respective relationship with the reverse logistic system improvement due to new regulations. The 
results are part of Recuper3 Project, a research project conducted by Centre for Mineral Technology 
(CETEM), Brazil. The research procedure combined documental research, stakeholders’ interviews and 
field visits. Results shown there are seven circular business models currently in Brazil. The most 
structured CBM are volume consolidation, products repair, recovery of parts and components, secondary 
materials recovery and WEEE trade. The most recent CBM are management and traceability platforms 
and product as a service. Compared to circular business models from other countries, the Service as a 
service and Materials as a service are still incipient in Brazil. Due to recent Brazilian regulations, 
management entity and results auditor could be emerging CBM. Although there are some consolidated 
companies in the market, there is still a lot of room for new businesses. 
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Abstract 

South Africa is now at the cusp of introducing a dedicated National WEEE policy[1] which will be 
complimented by dedicated Norms and Standards for WEEE Management Operators (WEEEMOs). With 
the support of the SRI  programme and after EPR regulation was introduced in 2021, these Norms and 
Standards describe the minimum technical and operational requirements based on defined activities 
characterising various types of WEEEMOs that operate along the WEEE Management Chain. The Norms 
and Standards (N&S) will be initially introduced to industry as a voluntary measure with the ultimate aim 
to make them mandatory going forward. They form part of a larger CAS document series including next to 
the N&S, a N&S Guidance document for WEEEMOs on how to correctly interpretate certain more 
complex N&S requirements, a N&S  Auditing Protocol providing in detail critical and minor compliance 
deviation criteria and an Auditor Handbook guiding the auditor on how to interpretate and evaluate 
results and findings derived from auditing facilities in accordance to the Norms and Standards defined 
requirements contained for verification in the Auditing Protocol.  

The oral presentation will provide a brief introduction into the nature of all four documents building the 
foundation for the envisaged South African CAS scheme which will be set up in accordance with the ISO 
ISO/IEC 17000:2020 requirements.  

It will also describe key findings and lessons learnt from the N&S Auditing Training that took place under 
the guidance of Swiss compliance scheme experts from 11-14th February 2025 with a total of thirteen 
independent auditors and PRO affiliated compliance officers.  

Finally the presentation will provide recommendations on the proposed structure of the South African 
CAS and the resulting roles and responsibilities of all key stakeholders identified in the public and private 
WEEE compliance and management space.  

[1]https://www.dffe.gov.za/sites/default/files/legislations/nemwa_electronicwastemanagement_50835g
on4983.pdf 
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Abstract 

The global demand for critical raw materials (CRMs) in renewable energy and high-tech industries 
continues growing, creating opportunities and challenges. Equitable and responsible governance is 
essential to mitigating inequalities in resource access, maximizing resource efficiency and recycling, 
reducing environmental and social impacts, and strengthening value addition in resource-rich countries. 
A globally harmonized resource classification and management system is key to ensuring a just 
transition.  

UN agencies are working to enhance accountability, improve resource management, and support 
sustainable development, ensuring that raw material production contributes to fair economic growth, 
social equity, and environmental protection.   

The United Nations Economic Commission for Europe (UNECE) provides globally recognized resource 
management tools―the United Nations Framework Classification for Resources (UNFC) and the United 
Nations Resource Management System (UNRMS)―which support responsible mining, circular economy 
integration, and sustainability reporting. These frameworks align with the Sustainable Development 
Goals and the UN Secretary-General’s Panel on Critical Energy Transition Minerals (CETMs) Principles 
and Actionable Recommendations.   

The adoption of UNFC and UNRMS has grown significantly. The European Union (EU) included UNFC 
in its Critical Raw Materials Act (CRMA), which entered into force in 2024, requiring the classification of all 
Strategic Projects. In its first call, 170 projects were classified in UNFC, and the Act stipulates four calls 
per year moving forward.    

In Africa, implementing the African Mining Vision has led to the development of the African Minerals and 
Energy Classification and Management System (AMREC) and the Pan-African Resource Reporting Code 
(PARC)  which standardizes management and public reporting of mineral and energy resources based on 
UNFC and UNRMS.  AMREC-PARC was endorsed by the African Union’s Executive Committee in 
2022, and training modules were introduced in 2024 to support widespread adoption.  

International Centres of Excellence on Sustainable Resource Management (ICE-SRMs) are expanding 
globally, providing capacity-building and knowledge-sharing platforms for the dissemination of UNFC and 
UNRMS. These centres play a crucial role in ensuring that resource management aligns with 
sustainability, equity, and circular economy goals.  

This presentation will showcase how UNFC and UNRMS contribute to a just and equitable energy 
transition, ensuring fair resource distribution, sustainability integration, and responsible mining practices 
globally. 
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Abstract 

The promotion of a clean circular economy require robust data on resources and pollutants for planning 
and establishing an appropriate waste management frame. A range of data are generated within major 
multilateral agreements such as the Basel and Stockholm Convention, the Montreal Protocol or the UN 
Framework Convention on Climate Change. Such data generation are often not coordinated within a 
country. To better coordinate the generation of robust data two guidance documents1,2 have been 
established in the frame of the Stockholm Convention on Persistent Organic Pollutants (POPs) aiming to 
promote harmonised data for the sectoral inventories of electrical and electronic equipment (EEE) and 
related wastes (WEEE), the transport sector and for buildings and construction. These three sectors are 
major stocks of POPs plastic additives1 and likely contain more than 50% of all plastic stocks globally1. At 
the same time the three sectors are major reservoirs of metals. From these three sectors detailed global 
and regional data are compiled only for EEE/WEEE by the Global E-waste Statistical Partnership (GESP).3 
GESP estimated that for 2022 from the US$ 91 billion worth of metal in WEEE, only 28 billion were 
recovered.3 While a major reason is the lack of established waste management, additionally the lack of 
robust data of valuables, plastics and pollutants like POPs are missing on the country level for decision 
making. The Stockholm Convention guidance on POP data management2 therefore suggest that for these 
three sectors, data on POPs, resources (metals), plastics and certain greenhouse gases  (GHGs) and 
ozone depleting substances (certain F-gases) should be systematically compiled best on Nation 
Statistical Offices level. First pilot studies to compile data for POPs and plastic in EEE/WEEE and the 
transport sector were developed for Zambia and Nigeria including material and substance flow analysis 
and will be presented. The inventories of EEE/WEEE were compared with the data generated by the Global 
E-waste Statistical Partnership. It was concluded that approaches should further be harmonised. 
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Abstract 

E-waste has become a major issue in Egypt due to the rise in electronic consumption and improper 
disposal methods. The e-waste sector in Egypt has two main parts: the formal sector, which is regulated, 
and the informal sector, which is mostly unregulated and uses basic recycling methods. While the 
informal sector is essential for collecting e-waste, its practices often cause environmental pollution and 
health hazards. The formal sector ensures safer and environmentally responsible recycling but faces 
challenges such as limited reach, inadequate infrastructure, and public apathy (Lotfy 2024). 

Goal 

The goal is to bridge the gap between these sectors to improve e-waste management, increase collection 
rates, and promote environmentally sound recycling practices. 

Approach 

To address challenges faced by both sectors, a non-governmental organization (NGO) named Eco Green 
Waste Management (EGWM) was founded, creating partnerships that leverage each of their strategies 
(EGWM, 2024). EGWM integrates both sectors through a digital platform for e-waste collection from 
households and businesses, ensuring equitable compensation and proper disposal via authorized 
channels. This platform will encourage informal collectors to join the formal sector, adhering to 
environmental regulations. By using mobile apps and establishing localized hubs, the initiative enhances 
e-waste collection's efficiency, accessibility, and traceability. 

Results 

While developing and testing the platform, the NGO plans also to run awareness campaigns to educate 
citizens on the harmful impacts of improper e-waste disposal. It is partnering with government entities, 
environmental organizations, and private stakeholders for policy support, financial sustainability, and 
enforcement of environmental standards. The initiative offers financial rewards, training programs, and 
certification schemes to motivate informal sector workers to transition into the regulated industry. The 
collaboration between informal collectors and formal recyclers will enhance resource recovery, reduce 
pollution, and create employment opportunities. The digital platform will promote transparency, 
accountability, and efficiency, fostering a circular economy and reducing Egypt's ecological footprint. 
This model can serve as an example for other developing countries facing similar e-waste challenges, 
demonstrating the potential of technology-driven environmental solutions. 

Conclusion 

Creating an NGO to connect formal and informal e-waste sectors with a digital platform offers a 
practical solution to Egypt's e-waste challenges. By encouraging collaboration, regulatory 
adherence, and public engagement, this initiative can lead to a cleaner environment, better 



public health, and a more sustainable recycling industry. Future research should explore the 
scalability, policy impacts, and socio-economic effects of formalizing the informal e-waste 
workforce for a more sustainable Egypt. 
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Abstract 

The main aim is to present  the ISO 14075:2024  and its structure to guide the reader in understanding 
differences and similarities with the current literature and in particular with the UNEP 2020. The 
development of the ISO started in April 2021, and 3 years were necessary to develop the framework and 
reach a major consensus among the WG15 experts.  

The ISO 14075:2024 provides milestones,principles and a framework for S-LCA. It has been developed 
starting from the ISO 14040:2006 and 14044:2006 which standardised the life cycle assessment, and 
according to the vocabulary provided by the ISO 14050:2020. The aim was to built the standard on the 
common practice and on the main references: such as UNEP 2020 guidelines and its Methodological 
Sheets (2021)  thus redesigning S-LCA following LCA, even if with some adaptations. This inevitably leads 
to a divergence in several points from the Guidelines. In this perspective, areas to pay attention to 
include, first of all, the description of different types of S-LCA studies: i.e., Social Life Cycle Inventory (S-
LCI), Social Life Cycle Impact Assessment (S-LCA), Social Life Cycle Performance Assessment (S-LCPA).  
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Abstract 

Sand, the world's second most consumed resource after water, is essential for development and 
construction. However, rapid urbanization and population growth, particularly in the Global South, are 
putting increasing pressure on sand resources  (UNEP, 2022). Despite UNEP (2019) identifying the sand 
crisis as a major sustainability challenge of the 21st century, the sector remains underexplored in 
governance and policy. Often perceived as having low economic value and contributing minimally to state 
revenue (Franks, 2020), it receives limited institutional attention and weak regulatory supervision. This 
perception has contributed to governance neglect, hindering efforts to support responsible sand 
extraction and integrate the sector into broader sustainability and development policies. 

In Indonesia, artisanal and small-scale sand mining (ASSM) plays a key role in sand production. However, 
discussions predominantly focus on its environmental impacts, while its governance history and the 
extent of institutional support, or marginalization, by key stakeholders such as governments, financial 
institutions, and academia, are often overlooked. To address this gap, this research seeks to answer the 
following question: How has the governance of Indonesia’s ASSM sector evolved over time, what types of 
support has it received, and what have been the environmental, social, and economic consequences? 
Understanding this historical context is crucial for assessing present governance challenges and 
informing future policy development. 

This research examines the historical evolution of environmental governance in Indonesia’s ASSM sector 
from the colonial era to the present. By analyzing policies, regulatory frameworks, and institutional 
engagement, the study explores how ASSM governance has developed, the level of support it has 
received, and its impact on environmental management practices. Additionally, it compares ASSM 
governance with large-scale mining regulations to highlight disparities in policy treatment.  

Using a narrative literature review, the research analyzes historical legislation, government policies, and 
stakeholder responses to trace patterns of governance neglect (or support). The findings will reveal how 
policies have shaped environmental sustainability and financial inclusion, highlighting the need to shift 
perceptions of sand from a low-value commodity to a critical resource. Strengthening governance 
frameworks and institutional engagement is essential for achieving responsible sand extraction and more 
inclusive ASSM governance. Future research should build on these insights to explore policy interventions 
that enhance financial inclusion and sustainability in the sector. 
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Abstract 

Power electronic devices (e.g. converters, inverters and rectifiers) are used in various applications, such 
as transportation, lighting and renewable technologies, to improve productivity and performance. Despite 
their advantages (e.g. energy efficiency, precise control and reliability), the use of these equipment’s 
contribute to resource consumption, environmental impacts and generation of electronic wastes (e-
wastes). These components also contain hazardous substances such as mercury and lead that, if not 
properly managed, can cause significant environmental and health problems, while valuable metals are 
lost if not recovered at the end of their life cycle. Therefore, it is important to eco-design them to ensure 
sustainable life cycle management. Incorporating circular criteria in their design, such as efficient 
disassembly and end-of-life management considerations, is crucial to maximize resource efficiency and 
minimize environmental impact. This study presents the results from the practical disassembly and 
circularity assessment of two power converters used in elevators to identify circular design and 
sustainable life cycle management strategies. The circularity indicators considered include the ease of 
disassembly indicator (eDiM), the  Product Circularity Index (PCI), and a dynamic Circular Simulation Tool 
(CST) to help companies make informed ecodesign and life cycle management decisions based on 
environmental and economic considerations. The methodology includes systematic literature review, the 
products disassembly and material classification, the indicators calculation and a critical assessment of 
the results. Outcomes include the identification of design improvements to increase circularity 
performance as well as effective end-of-life strategies that reduce environmental impact and support a 
sustainability. 

Keywords 

Electrical and Electronic Products, Circular Economy, Life Cycle Thinking, End of Life, Circular Electronics 

  



171 Socio-economic hotspots in the healthcare sector– A tailored social life 
cycle assessment (LCA) framework for healthcare devices 

Sonia Valdivia1, Loay Radwan2, Federico Werner3, Adrien Specker3, Camille Rønn4 

1World Resources Forum, St Gallen, Switzerland. 2GreenDelta GmbH, Berlin, Germany. 3WRFA, St Gallen, 
Switzerland. 4IT University of Copenhagen, Copenhagen, Denmark 

Abstract 

The healthcare sector is a significant contributor to global resource consumption and environmental 
impact, generating 4-5% of global CO2 emissions. Despite their convenience, the increasing use of 
single-use medical devices (SUDs) raises environmental, and socio-economic concerns. To understand 
the sustainability of SUDs compared to reprocessed devices, a socio-economic assessment is needed 
alongside the environmental assessment. 

This paper aims to examine socio-economic risks and benefits from a life cycle perspective, comparing 
SUDs with reprocessed devices. 

The Social LCA (S-LCA) method (UNEP, 2020; ISO 14075:2024) is applied to healthcare SUDs and 
reprocessed devices. Life cycle stages include production, healthcare services and end-of-life 
(EoL). Stakeholders considered are suppliers, healthcare workers, patients and society.  

Selected results:  

• The UNEP (2020) framework was useful for identifying social hotspots, but adaptations were 
needed to cover health and safety (H&S) of patients and caregivers, and promotion of social 
responsibility by producers. New impact categories include accessibility of healthcare services 
and H&S risks at the EoL for local communities.  

• The introduction of healthcare SUDs contributes to technological development and innovation 
while exacerbating negative social impacts of critical raw materials extraction in vulnerable 
societies. 

• Reprocessing devices reduces their market price improving access to healthcare services which 
is crucial for stakeholders with limited resources. For instance, reprocessing costs for 
pacemakers range from $60 to $80, while new products can cost above $1000s (Crawford et al., 
2017). According to surveyed physicians, there are no issues with higher Infection rates (H&S) 
when applying reprocessed devices compared to SUDs. On the other hand, reprocessing devices 
at hospitals implies increased workload of healthcare workers requiring specialized training e.g. 
for sterilization. 

• The H&S risks for local communities arise from the EoL of growing amounts of SUDs, particularly 
in the context of poorly managed medical waste. 

Healthcare devices S-LCA results should be considered in decision-making for procurement and medical 
procedure design, with procurers, physicians and designers playing a key role. Tailored frameworks need 
to support this decision-making process. Case-by-case trade-offs between SUDs and reprocessed 
devices should be taken into account, with healthcare choices prioritized for population health and 
sustainability, ensuring healthcare is within planetary boundaries. 



This study was conducted as part of the Digital Health in Circular Economy (DiCE) project funded by the 
European Research Executive Agency under the authority delegated by the European Commission (Grant 
Agreement No. 101060184). 
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Abstract 

With continental dimensions and a diverse geology, Brazil possesses a large mineral endowment from 
natural stocks, comprising some critical and strategic minerals for the energy transition. The growing 
demand on minerals for the economy decarbonization is an opportunity for the expansion of the mining 
sector, in Brazil and worldwide. However, the mineral demand may outpace the global production 
capacity, therefore other strategies are needed to guarantee the supply of critical materials. Urban mining 
is one of the short-term strategies that can alleviate pressure on the primary supply of critical materials 
by recovering secondary material from anthropogenic stocks. 

Being the fifth largest consumer of electronic equipment in the world, Brazil also has a great urban mining 
endowment, with substantial volume and diversity of anthropogenic resources stocks resulting from the 
exploration of secondary/recoverable materials. 

In this study we estimated the recovery potential of some critical minerals from urban e-waste mines in 
Brazil, as well as a comparison with the current production of these minerals by the mineral sector in the 
country. Although urban mining cannot replace traditional mining, the recovery of minerals from 
anthropogenic resources can be advantageous, especially for minerals considered critical or strategic. 
The findings suggest that secondary material recovering from e-waste urban mines in Brazil seems to be 
most interesting from gold, copper and aluminum sources, rather than niobium or nickel due to the 
actual volume recovery of post-consumer products, processing costs and market value. 
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Abstract 

Globally, government agencies, local and international stakeholders are stepping up efforts to promote 
Eco-industrial parks (EIPs) concept as they have demonstrated a significant potential to aid in the 
achievement of sustainable industrial development while boosting the regional economic systems. EIPs 
are rooted in the practical application of Circular Economy (CE) principles within a geospatial dimension 
as a means of improving resource use and utilization in a network of co-located firms. Sustainability 
challenges are gradually becoming crucial sources of innovation and competitiveness for most 
multinationals and its suppliers, in this regard, incorporating the principles of CE by Conventional 
Industrial Parks (IPs) has proven to yield competitive advantages, improve productivity, minimize 
pollution, and aid social responsibility while enabling businesses to improve on their environmental 
performance. This study examines the baseline status of circular economy practices in an industrial park 
in Nairobi, Kenya. The primary objective is to assess the circular economy readiness, identify existing 
resource efficiency and cleaner production initiatives and identify barriers and opportunities that will 
enable the collocated industries to effectively transition to sustainable manufacturing practices. The 
findings indicate significant efforts with companies making initial progress towards circular innovation 
with the existence of unregulated and largely low-tech circular economy practices. The industries in the 
park rely on primary resources  mostly imported from outside the system and outputs  to nature are not 
sufficiently feedback into the industrial system to close the production loop. The existence of weak 
infrustructure, lack of integrated waste management systems, limited technical, informational  and 
institutional capacities coupled with  fragmented policies that are insufficient  to promote the sustainable 
flow of resources. The study calls for the development of a strong enabling policy framework with robust 
implementation and enforcement mechanisms, investment facilitation and adequate  coordination  of 
resources to enable a smooth transition from the current conventional IPs, to EIPs 

Keywords 

Manufacturing, Circular Economy, Sustainability transitions, Eco-Industrial Parks, Kenya 

  



176 Quantifying an Alternative Source of Sand from Energy Critical Ores: The 
Case of Ore-sand 

Bioantika .1,2, Juliana Segura-Salazar1,3, Christian Antonio3, Louise Gallagher1, Rob Fitzpatrick2, Daniel 
Franks1 

1The University of Queensland, Global Centre for Mineral Security, Sustainable Minerals Institute, 
Brisbane, Australia. 2Camborne School of Mines, Department of Earth and Environmental Sciences, 
Penryn Campus, Exeter, United Kingdom. 3The University of Queensland, Julius Kruttschnitt Mineral 
Research Centre, Sustainable Minerals Institute, Brisbane, Australia 

Abstract 

Every year, 40-50 billion metric tons of sand resources are dredged from rivers, coasts, and mined for 
construction. It is expected to grow by 6% annually, leading to an anticipated depletion of sand resources 
by 2050. Simultaneously, the rising demand for critical metals to support the global energy transitions has 
driven a significant increase in mine waste. To date, an estimated 200 billion tonnes of tailings have been 
generated, with an additional 13 billion tonnes produced annually. Over the next three decades, tailings 
generation is projected to incur an estimated USD 1.6 trillion in additional storage costs. Ore-sand, a 
manufactured sand and a by-product from the mineral processing of ores, offers a circular economy 
solution to address these dual global crises by providing alternative to natural sand while preventing mine 
waste. Ore-sand represents the highest tier of waste management in a circular economy: waste 
prevention. This approach focuses on minimizing waste at its source rather than repurposing waste 
materials. Successful production of Ore-sand has been demonstrated in two case studies (1) Vale’s 
Brucutu iron ore mine has produced approximately 2 million tonnes of Ore-sand per year, with 
applications in construction through both commercial sales and community donations. (2) The Newmont 
Cadia copper mine has showcased its ability to produce coarser Ore-sand using coarse particle flotation. 
This is achieved by incorporating a mineral processing circuit into the HydroFloat flotation process, 
allowing for the recovery of coarser silicate-rich materials that would conventionally be sent to a Tailings 
Storage Facility. Producing ore-sand not only offers technological advantages but also provides a 
sustainable circular economy solution at scale. Determining the suitability of producing Ore-sand 
requires developing methodologies to estimate the Ore-sand reserve volume. To achieve this, our 
research creates a database of recovery rate from primary ores supplemented by data collected from 
experimental work and literature. Estimating these reserves will help quantify the amount of natural sand 
that could be replaced with Ore-sand, equivalent to the amount of avoided mine waste in processing 
minerals essential for the energy transition. 
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Abstract 

This paper investigates whether embedding responsible sourcing practices for sand and silicates—
aligned with OECD Due Diligence Guidance and other key international standards—can drive 
transformative change in how these materials are governed and used. 

Sand and silicates are the most extensively used solid materials worldwide (UNEP, 2022), the 
unsustainable extraction of which is a grand challenge that urgently needs robust action (Ferraro et al., 
2015) to transform relevant governance, production and consumption systems. The question is: how do 
we make change in an extractive sector that is global in scope and is interconnected with so many major 
economic sectors such as construction, infrastructure, renewable energy, glass production, and 
electronics? Due diligence, risk management, and sustainability performance standards are critical tools 
for driving change at this scale. However, while the OECD Due Diligence applies to sand and silicates, 
these materials are rarely addressed in current responsible sourcing actions. Agreed methods and 
practices tailored to the specific challenges of sand and silicate sourcing across varied regions and 
sectors are needed to close this gap. 

In 2023–2024, the University of Queensland, supported by IKEA and Roca Group, convened a 
science-business dialogue to support the first baseline study on Responsible Business Conduct 
(RBC) risks in sand and silicate supply chains for the Organisation for Economic Co-operation and 
Development (OECD, forthcoming). This dialogue is evolving into a new multistakeholder coalition in 
2026, aiming to raise industry standards and highlight the critical role of sand and silicates in resilient 
economies and ecosystems. 

This paper provides an in-flight account of this ongoing process as support for this effort. It traces the root 
causes of sand and silicates’ invisibility in RBC frameworks and sustainability efforts. Drawing from 
institutional theory, social innovation, and systemic change frameworks (e.g., Murphy and Jones, 2021), 
we conduct synthesis research to identify the changes needed to address this invisibility. A standards 
landscape mapping and comparative analysis, supported by two stakeholder workshops, identify the 
specific contributions or impediments a dedicated responsible sourcing standard could potentially make 
to improve RBC performance and resource governance. Design lessons from existing standards, multi-
stakeholder initiatives and sustainability programs are distilled to guide efforts in defining responsible 
sourcing practices for sand and silicates. The result is an evidence-based theory of change to support 
credible future efforts on responsible sourcing for these critical materials. 
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Abstract 

The urban mines are potential sources of anthropogenic resources, through value recovery alternatives 
based on the circular economy principles. E-waste is the fastest-growing waste stream worldwide and its 
urban mining can mitigate environmental impacts and create jobs. Urban mining requires collaborative 
reverse logistics systems to accomplish legal requirements and provide environmental and economic 
benefits. Therefore, this means that a large supply chain with many different actors and a complex take-
back system is needed. Value recovery systems, based on subsistence activities, are mostly based in 
manual activities in the earlier stage of processing, such as collecting, disassembling, and sorting. Brazil 
has an expertise in recovery system as under the informal economy level. In 2023, the Brazilian Annual 
Recycling Data Banking reported 2,941 waste picker organizations, representing more than 86,000 
informal workers, 53.5% of whom were women, distributed among 1,633 municipalities and located in all 
26 states and the Federal District. These organizations are responsible for recovering and treating post-
consumer products and materials, including e-waste. They have discrepant formalization levels, which 
leads to unbalanced processes and uneven demands, impacting the urban mining objectives. The 
Brazilian Reverse Logistics Credits (BRLC) is an innovative solution, part of the Reverse Logistics System 
in ongoing since 2010´s decade and regulated in 2023. Based on electronic invoices (EI) to trace and 
verify volumes of EoL products and packages commercialized, the credits can be emitted by three 
mechanisms, and one of which consists of structuring projects, whose respective recovered mass results 
from more than fifty percent of its global recovery target achieved through partnership with waste pickers 
organizations. This study brings a Brazilian portrait on sustainability and traceability of secondary 
materials supply chain based on informality levels of social organizations empowering urban mining and 
its contribution relies on the reinterpretation of subsistence conditions considering the social and 
environmental justice for circular business models. 
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Abstract 

The progressive development of technologies coupled with consumption habits results in an increase in 
the generation of Waste Electrical and Electronic Equipment (WEEE) in the world. In South America, per 
capita production increased from 9.1 to 10 kg per person between 2019 and 2022. Although officially 
reported rates of formal collection and recycling have increased, there is still significant evidence of 
informality and practices that impact health, public spaces and ecosystems. 

In order to strengthen good practices and at the same time increase opportunities for labour inclusion 
and entrepreneurship of young people in Colombia, the FESOR Don Bosco project started in 2022, under 
the alliance of Ecopartner and the Jungendhilfe Weltweit Don Bosco, both from Switzerland. With the 
local coordination of the Salesian Inspectorate of Bogotá, the participatory curriculum design of a 
theoretical and practical training module on the sustainable management of WEEE was developed. The 
pilot of the course was the Don Bosco Obrero Centre in the south of Bogotá, an institution that receives 
around 5000 young people from vulnerable communities every year. 

The curriculum design methodology was participatory and based on a high technical level thanks to the 
technical and teaching expertise of Ecopartner's team of experts in Switzerland and Colombia. Concepts 
contextualized to Colombia delivered by the experts in a training-of-trainers were then replicated by the 
Salesian instructors with their students in the learning environment implemented as replication of a plant 
for the reconditioning and manual disassembly of equipment. The sessions also included knowledge 
sharing with two of Colombia's leading companies in the WEEE refurbishment and recycling sector, Lito 
SAS and PCSheck. 

As a further result, a cooperation agreement was signed between Lito SAS and the Inspectorate of 
Bogotá, from which training guidelines are defined for educational institutions in Bogotá and in 
departments such as Cundinamarca, Boyacá, Santander, Norte de Santander, Tolima and Valle del 
Cauca. Through the agreement, internship opportunities will be opened for the young people trained, 
which will boost their chances of finding employment in the sector. Safe management of WEEE generated 
institutionally will also be provided. 

The scaling up of this experience in other Salesian institutions in Colombia will enhance employment 
opportunities for more than 18,000 students in the institutions administered by the Bogotá inspectorate. 
The training model developed has been disseminated in Salesian institutions in Latin America and the 
Caribbean. 
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Abstract 

Nature-based solutions, such as forest conservation and restoration, are essential in the fight against 
climate change (ECLAC 2022). This is because of their capacity to act as carbon sinks. 

These initiatives include REDD+ (Reducing Emissions from Deforestation and Forest Degradation), a UN-
sponsored framework that promotes forest governance, sustainability, community management, 
biodiversity conservation and restoration. 

 Paraguay is home to two of the most important threatened forest ecosystems: the Atlantic Forest and the 
Gran Chaco, the continent's second largest area of dry forest after the Amazon. However, agricultural 
expansion has significantly reduced the country's forest cover and biodiversity (MADES, 2018). To 
address this challenge, Paraguay enacted Law 3001 on "Valuation and Compensation of Environmental 
Services" in 2006. This law aims to conserve and develop natural resources in a sustainable manner 
(Imbach et al., 2016). 

 This study analyzes the potential greenhouse gas (GHG) reductions under Law 3001.Using data from 
eight ecoregions, it was estimated that certified forests sequester 171 Mt CO2eq. 

 The loss of these protected areas would increase national emissions by 311%, and the CO2eq 
sequestered in these areas represents 10% of 2017 GHG emissions. Between 2,578,042 and 3,338,438 
certified hectares would be needed to offset 50% of Paraguay's GHG emissions. 

 It is crucial to directly reduce emissions in all sectors and implement forest restoration measures, 
including silvo-pastoral systems and sustainable agricultural practices, in line with the Sustainable 
Development Goals and Paraguay's National Development Plan 2030. 

 Similarly, Law 7190/2023 on "Carbon Credits" opens up new opportunities by integrating owners of 
environmental services into the carbon markets. This combination of laws, markets, and sustainable 
strategies is key to protecting forest ecosystems and mitigating climate change in Paraguay. The eventual 
entry of environmental service holders would represent a market of approximately US$200 to US$400 
million and would imply a country challenge for Paraguay in terms of complying with the border carbon 
adjustment regulations that recently entered into force in the European Union. 
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Abstract 

Future Availability of Secondary Raw Materials (FutuRaM), a Horizon Europe project that researches the 
future availability and recoverability of secondary raw materials, will design a materials knowledge base 
with a focus on critical raw materials in six waste streams: electrical and electronic equipment, batteries, 
vehicles, construction and demolition waste, slags and ashes, and mining waste. The focus of the battery 
waste stream are five product categories, in line with the new Battery Regulation (EU 2023/1542), namely 
portable batteries, industrial batteries, electric vehicle batteries, starting, lighting and ignition batteries as 
well as batteries from light means of transport. The aim is to develop a stock and flow model of the total 
amounts and critical raw materials including those put-on market, stock, waste generated, collected as 
well as recycled batteries on the European market for each country. To gather information at the element 
level of the battery flows, a consolidated composition dataset of all battery types and cathode 
chemistries is assessed.Future battery flows up to 2050 are quantified within three scenarios. These 
scenarios include a business-as-usual scenario where the management of end-of-life batteries remains 
largely unchanged, a recovery scenario where end-of-life batteries become a crucial source of secondary 
raw materials as well as a circularity scenario where battery waste treatment undergoes a massive 
transformation with focus on circular business models. A recovery model is developed to investigate 
secondary raw materials produced by spent battery recycling for different cathode chemistries.  

Keywords 

Material Flow Analysis, Batteries, Strategical and Critical Raw Materials, Circular Economy, Open Dataset 

  



184 Data standardization and harmonization as a key prerequisite to increase 
recoverability of secondary raw materials 

Bíborka Boga1, Joana F. Morgado1, Katharina Kippert2, Susanne Vera Rotter2, Patrick Wäger1, Kirsten 
Remmen1 

1Technology and Society Laboratory, Empa, Swiss Federal Laboratories for Materials Science and 
Technology, St. Gallen, Switzerland. 2Chair of Circular Economy and Recycling Technology, Technische 
Universität Berlin, Berlin, Germany 

Abstract 

The implementation of the circular economy and the effective utilization of secondary raw materials face 
significant challenges, notably the lack of standardized data, data interoperability and a common 
vocabulary for describing products and the composition of waste streams. These deficiencies hinder the 
development of efficient systems and practices required to close material loops. Ontologies can play a 
key role in addressing these challenges [1] and enabling systemic change. In the Horizon Europe project 
FutuRaM, we are creating such an ontology by building upon the composition data model developed in 
the ProSUM project and taking into consideration the FAIR data principles (findable, accessible, 
interoperable, and reusable).  

The purpose of developing ontologies within the FutuRaM project is to provide a standardized and 
machine-readable framework for representing knowledge about end-of-life products to facilitate data 
integration and consequently the assessment of products' recoverability across a selected waste stream, 
namely end-of-life vehicles. In this sense, the semantic connections between different composition 
levels are explicitly captured in the terminological component (TBox) of the ontology to facilitate more 
advanced queries across the product-component-material-element hierarchies [2]. The ontology's 
assertional component (ABox) was created by populating it with specific instances captured in the 
composition datasets produced in the project.  

To conclude, in our contribution we will present and demonstrate how ontologies enable seamless 
navigation across different levels of composition granularity, from product to component, material, and 
element. By standardizing and harmonizing composition data, this initiative not only enhances data 
interoperability but also provides a robust foundation for the next steps needed to enhance recoverability 
of products and the use of secondary raw materials. We aim to offer a practical example and guidelines to 
enhance the FAIR characteristics of data within the circular economy community, facilitating wider 
adoption and scalability. We believe this approach will provide industry, policymakers, and researchers 
with a more comprehensive understanding of the waste streams and material recoverability that 
contributes towards guiding informed decision-making and driving innovation in resource management.   
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Abstract 

Brazil consumed approximately 30 billion cubic meters of natural gas in 2023  (Agência Nacional do 
Petróleo, Gás Natural e Biocombustíveis, 2024). In Brazil, the distribution of this resource is managed by 
concessionaires, with demand primarily concentrated in the industrial and thermoelectric sectors. While 
thermoelectric consumption exhibits significant variability, industrial demand remains stable, driven 
mainly by the iron and steel, chemical, and petrochemical industries. Geographically, demand is 
predominantly concentrated in the states of São Paulo and Rio de Janeiro, where proximity to existing 
transportation and distribution infrastructure facilitates supply (Empresa de Pesquisa Energética (EPE), 
2020). This distribution is enabled by an extensive network of pipelines connecting the main producing 
and consuming regions. Although natural gas is considered a cleaner energy source compared to other 
fossil fuels, its distribution infrastructure requires tons of materials resources per kilometer. The goal of 
this study is to analyze the circularity indicators of a natural gas distribution network for a company 
operating in Brazil. To this end, the cradle-to-distribution life cycle circularity indicators  were  modelled 
through OpenLCA 2.2.0, and by integrating the Circularity Package database version 2  (Palomero, J. C. & 
Ciroth, A., 2024) to the Ecoinvent 3.10 database. The results per m3.km of distributed product shows that 
the energy required to produce materials from primary sources (8.9×10⁻⁵ MJ/m³·km) was approximately 
1,225 times higher than when using secondary sources (7.33×10⁻⁸ MJ/m³·km). Of the total material used 
for natural gas distribution (1.32×10⁻³ kg/m³·km), only 0.22% comes from recycled sources, indicating a 
system heavily dependent on virgin materials. The total waste generated by the system was 1.15×10⁻⁴ 
kg/m³·km. However, only about 4.4% of the  end-of-life waste is returned as recycled material. These 
indicators reflect low adherence to recycling and recovery processes, highlighting significant gaps in the 
implementation of circular economy practices by the natural gas supply in the country . Therefore, it is 
essential for the natural gas distribution industry to invest in closed-loop technologies and the 
government create policies that encourage recycling, recovery, and materials reuse, thus promoting an 
environmentally responsible production chain. 
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Abstract 

The Circular Economy aims to keep products in use for as long as possible and to close material loops at 
the end of their use phase. Limited resources within our planetary boundaries and geopolitics are the 
drivers for shifting for more circular value chains, narrowing boundaries, and securing critical and 
strategical raw materials at regional and national level. 

The quantification of material circularity and how material cycles impact one another is a precondition for 
identifying impact opportunities along value chains, for scenario calculations and to measure success. 
Our project aimed to develop a tool for evaluating complex multi-material scenarios accounting for 
contradicting goals between decarbonization and increasing circularity or minimizing waste. 

Steel is a crucial metal for the built environment and for many other consumer and industrial goods. Zinc 
is used to galvanize steel products to make them more durable. Both metals are considered as crucial or 
strategic in various countries, their cycles being interwoven at the mining, production, product and 
recycling stages. Using the example of zinc and steel, the project explored the impact of systemic 
changes in one cycle to entire value chains. It combined dynamic material flow analysis (MFA) based on 
production, use, and trade data with information from life-cycle assessment and companies’ carbon 
footprint reporting. 

The models were able to quantify and visualize challenges and impact opportunities at regional and 
national levels. First, due to the high degree of electrification in zinc production, considerations were 
given to the trajectory of countries to decarbonize power production and recycling iron containing 
residues using technologies available that typically are associated with GHG emissions. Second, 
recycling zinc from galvanized steel is associated with greenhouse gas emissions due to the use of 
carbon in recycling processes. Disruptive technological changes for decarbonizing steel production 
potentially enhance greenhouse gas emissions in zinc recycling and could lead to an increase in 
landfilling steel mill dusts. Finally, based on combined MFA and LCA modelling, the decarbonization 
roadmap for the global zinc industry was refined allowing for scenario analysis testing options for policy 
development and technical innovation.  

Interdisciplinary scenario analysis using dynamic MFA in combination with LCA based carbon footprint is 
a suitable tool for creating awareness among regulators and industry. It helps assessing supply risks and 
deriving policy options that account for available technological innovations. Finally, it allows to monitor 
the development over time and the success of implemented measures of circularity and sustainability. 
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Abstract 

Waste of electrical and electronic equipment (WEEE) is a globally growing waste stream with various 
plastics and additives. Mechanical recycling, the most common method for WEEE 
plastics, involves depollution, shredding, and separation to sort plastics into main plastic families, 
then remelting them into pellets. However, a major limitation of mechanical recycling is the lower yield 
due to the legislative requirements for removing persistent organic 
pollutants (POPs) and achieving high material purity to prevent downgrading of 
properties. With forthcoming regulations, such as the reduction of maximum allowable bromine 
content from 500 ppm to 200 ppm by 2025, yields are expected to decrease, particularly 
for companies deploying state-of-the-art sorting processes combined with mechanical recycling.  

Although there are ample opportunities to increase collection rates and recycling uptake across 
different regions, there is a need to develop novel strategies for the removal of hazardous additives 
from WEEE plastics and increase both the quality and volume of plastic recycled from WEEE. In this 
regard, dissolution-based recycling process offers great opportunities, as it allows for recycling polymers 
while simultaneously separating distinct polymer types and removing unwanted additives. This 
is achieved by dissolving plastic in a solvent before the polymer is subsequently precipitated and 
recovered from the solution using an antisolvent. This method offers the potential 
of over a 40% reduction in CO2 emissions compared to incineration with energy recovery. However, 
dissolution-based recycling also faces inherent challenges, including the high process energy intensity, 
which is considered the main limiting factor for industrial upscaling.  

Therefore, this research explores how mechanical and dissolution-based recycling could coexist and be 
optimally combined for improved WEEE plastics recycling and promote environmental 
sustainability. To address this research question, a novel methodology is presented, involving: 
(1) plastics from discarded TVs, fridges, and small domestic appliances (SDAs) are sampled, (2) samples 
are manually sorted to determine non-plastic content and color composition, then analyzed by X-ray 
fluorescence (XRF) and Fourier-transform infrared spectroscopy (FTIR), (3) 
AI spectral classification techniques are used to identify and define polymer types, presence of POPs and 
fillers, and (4) the resulting compositional data is integrated into a Material Flow Analysis (MFA) to 
evaluate the recycling efficiency and to define how rest streams in current mechanical recycling 
processes could be combined and directed to dissolution-based recycling This 
approach allows assessment of which fractions currently sent for incineration or landfilling are 
most suitable for dissolution-based recycling, to optimize both process efficiency and material recovery.   
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Abstract 

Artisanal and small-scale mining (ASM) sustains the livelihood of at least 400,000 miners in the eastern 
Democratic Republic of the Congo (DRC) (IPIS, 2025). Mechanization of these activities can constitute a 
relevant lever for economic growth by increasing productivity and stimulating local business and service 
sector development, as observed at the Kamituga gold mine (Bikubanya & Radley 2022). Mechanisation 
requires a set of conditions to be met, such as access to financing and sufficient resources. To address 
this need for mineral resources estimation in the ASM sector and modeling the business case for 
mechanization, we conducted field research at the artisanal gold placers at Kampene in the eastern 
DRC’s Maniema province (Ducellier et al. 2024). Contributing to the long-standing German-Congolese 
development cooperation, this study assesses if the identified gold resources could justify 
mechanization, and discusses the economic impacts of mechanised vs. artisanal methods.   

The present study focusses on the Kampene gold placers, where artisanal miners exploit gold-bearing, 
0.2-0.3 m thick gravels at an indicative average grade of 2.1 g /m3 for a total gold content of ~18 kg. In 
comparison to gold placers elsewhere, Kampene placers are low grade and low tonnage, marginal 
deposit, only economically viable in case of high gold prices. Operational expenditures of artisanal mining 
activities modelled for different stripping ratios indicate artisanal mining may become profitable starting 
from a gold price of ~ US$1900/oz and US$ 1600/oz, respectively, depending on whether miners pay the 
official fees due to local government mining authorities or not. Modeling a small-scale mechanized mine 
with a mobile washing plant at Kampene assumes a total CAPEX of US$ 927,000 and OPEX of US$ 
550,000 per year. Annual revenues would then be about US$ 870,000 and, after taxes, the payback period 
corresponds to about 5 years. As such, mechanization would only make sense if sufficient resources 
were found, more than currently known, and the rate of return is rather poor for what must be considered 
a high-risk investment. 

The business case for mechanising ASM sites is highly site-dependant. Donor and government 
expectations on the potential of mechanising the ASM sector should be critically examined on a case-by-
case basis. At Kampene, a small, marginal gold placer deposit, local livelihoods might be sustained for a 
limited period when employing simple artisanal extraction and processing methods. Elsewhere in the 
eastern DRC, such as at Kamituga, semi-mechanisation has been successfully introduced and 
stimulated local economic development. 
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Abstract 

The global housing shortage stands at 1.6 billion dwellings and is projected to rise to 3 billion by 2050. As 
a result, the extraction of natural resources will significantly escalate to meet the growing demand for 
shelter. The built environment is a key driver of raw material consumption, accounting for 40% of global 
extraction and forming the largest share of all in-use material stocks. In Europe, the construction sector 
utilizes approximately 961 million tonnes of materials annually, with the residential sector consuming 
nearly three times more than the utility sector. Additionally, the industry generates around 246 million 
tonnes of CO2e per year, contributing nearly 9% of the EU’s total greenhouse gas emissions. 

Waste is generated at every stage of an asset's lifecycle, but the end-of-service life stage is the least 
sustainable because of the volume generated during the demolition process. To solve the impact of 
construction and demolition waste, we need to change how we think, work, and deliver construction 
activities. This starts with accounting for the amounts of materials and products in a building through pre-
demolition audits before embarking on demolition works.  

Despite the benefits that pre-demolition audits have to offer, many stakeholders focus on the barriers 
hindering the full adoption of pre-demolition audits. This paper explores barriers affecting the 
implementation of pre-demolition audits towards material inventory necessary to enhance the reusability 
and upcycling of construction materials and products at end-of-life. 

By conducting a literature review of articles, documents, technical reports, and government guidelines, 
followed by an interview with stakeholders involved with the end-of-service life for buildings, we explore 
the barriers and make propositions to address the end-of-life product assessments. Based on this 
information, a pre-demolition framework for decision-making processes at the end-of-service life for 
buildings is developed, which forms part of a larger study that adopts the design science methodology. 

The findings of this paper will help to proffer solutions to the barriers to conducting end-of-life 
assessments for buildings using pre-demolition audits. This will be valuable in evaluating the reusability 
and recyclability of construction assets, ultimately facilitating data-driven approaches to improve 
decision-making processes for waste recovery in various construction industry scenarios. Overcoming 
these barriers will promote the traceability of the materials and products in infrastructures which will help 
minimise the use of natural resources, optimising the re-use of materials, account for the materials and 
production in circulation, and aid decision-making at the end of service life.  
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Abstract 

Implementing waste-to-energy (WtE) technologies using the bioeconomy lens provides a comprehensive 
opportunity to leverage the “triple bottom line” sustainability benefits. This study seeks to silhouette a 
broader life cycle perspective on WtE case studies towards developing a sustainable transition 
framework. The research follows a three-stage taxonomy. Firstly, WtE technologies are reviewed using 
the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines and 
synthesised with existing theoretical frameworks on bioeconomy. Secondly, a contextual content 
analysis of diverse macro-level factors leads to the development of a sustainable transition framework. 
Stage three undertakes an illustrative case study to demonstrate the application of the proposed 
framework. 

It was clear that the emissions depend on the constituency of the feedstock or fuel available and the 
desired output. Hence, it was found that in Asia and Europe, thermochemical adoption was at least 40% 
higher than in biochemical plants. The illustrative case study revealed that waste-to-energy provides 
improved global warming potential (of up to 6%), but combining it with carbon capture systems (achieves 
12% improvement), and will enhance its uptake and improve its financial viability (by up to 44%) in the 
Australian context examined. The sustainable transition framework specifically optimises waste mixes, 
technological options, and the locations of WtE plants. Developing a sustainable transition framework 
provides a viable roadmap to ensure that the issues identified across the literature are addressed 
holistically without burden-shifting while optimising resource utilisation. The paper advocates further 
research through ensembles of digital twin models to better reconcile theory and practice, inform policy, 
and actualise the bioeconomy potential of WtE projects for a genuinely sustainable and resilient future.  
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Abstract 

Addressing the "S" in ESG: A Dynamic Approach 

Social performance remains one of the mining industry’s most challenging aspects within ESG. Unlike 
environmental and governance factors, which allow for structured planning and measurable outcomes, 
social impact is complex, context-dependent, and varies across cultures. 

For social guidelines to be effective, they cannot be rigid, top-down directives. Even when developed 
through pilot projects, predefined frameworks often fail to scale effectively. Teams on the ground may 
find them restrictive, irrelevant, or disconnected from local realities. Success requires adaptability—
guidelines must be flexible enough to be shaped by those implementing them, ensuring they resonate 
with diverse communities. 

At Metals for Humanity (M4H), we are developing a robust yet adaptable framework to support social 
performance teams worldwide. Our approach is not a static, step-by-step handbook but a dynamic, 
evolving methodology—grounded in both theoretical insights and real-world experience. 

The Pure Silver Initiative: Linking Mining to Community Well-Being 

The principles behind our model are exemplified in The Pure Silver Initiative, a collaboration with Fresnillo 
plc, the world’s leading primary silver producer. M4H implements science-based initiatives that directly 
use metals and minerals extracted by our partners to address critical community needs. 

In this case, The Pure Silver Initiative harnesses silver’s antibacterial properties to purify water—tackling 
an essential local challenge while embedding social impact into core business operations. This dual 
approach not only ensures meaningful community benefits but also enhances the long-term 
sustainability of the programme. 

A Broader Vision: Metals and Integrated Development 

Beyond silver, M4H subscribes to an integrated development model centred on five key pillars: 

• Clean Water (Silver) 
• Food Sovereignty (Zinc) 
• Renewable Energy (Copper) 
• Economic Security (Gold) 
• Communications Capability (Iron) 

Each pillar aligns with a specific metal, leveraging its unique properties to drive sustainable 
solutions. 



All our interventions include an educational component, emphasizing science and technology. Beyond 
equipping communities with the knowledge to use new technologies, our goal is empowerment—
fostering entrepreneurship, innovation, and economic expansion in mining-adjacent areas. 

Measuring Social Impact in Mining 

By directly linking mining outputs to local development, the M4H model offers a practical way to enhance 
social performance in the mining industry. More importantly, it provides investors with a tangible method 
to measure the "S" in ESG—turning abstract commitments into real, lasting change. 
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Abstract 

The management of Waste Electrical and Electronic Equipment (WEEE) in South Africa presents a 
complex governance challenge that intersects with the goals of environmental justice and sustainable 
resource management. This submission examines the systemic barriers and opportunities in developing 
comprehensive WEEE governance frameworks, focusing on Extended Producer Responsibility (EPR) 
implementation, hazardous materials management, and industry development. 

South Africa's constitutional commitment to cooperative environmental governance provides a 
foundation for addressing WEEE challenges through multi-stakeholder engagement. However, our 
analysis reveals that the implementation of EPR schemes has been hampered by insufficient enabling 
policy frameworks and the absence of standardised protocols. This gap has created uncertainty in 
stakeholder roles and responsibilities, particularly in critical areas such as waste prevention, 
functionality recovery, hazardous fraction management and industry development initiatives that should 
form the cornerstone of effective EPR systems. 

The Sustainable Recycling Industries: South Africa initiative has emerged as a catalyst for addressing 
these systemic challenges through an iterative policy development approach. Key achievements include 
co-developing the draft National WEEE policy alongside the Department of Forestry, Fisheries and 
Environment and establishing voluntary industry standards with industry stakeholders. The initiative has 
strengthened technical capacity through curriculum development, industry research support, and 
knowledge transfer of global best practices in hazardous waste management. 

This submission demonstrates how adaptive governance frameworks can address complex socio-
technical challenges in resource management. We highlight the critical role of municipal capacity 
building in managing hazardous waste streams and propose recommendations for creating fair and 
sustainable WEEE management systems that align with international standards while addressing local 
contexts. The findings contribute to broader discussions on transformative environmental governance 
and resource efficiency in developing economies. 
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Abstract 

The transition to a circular economy is crucial for addressing global resource challenges and mitigating 
environmental impacts . For products such as electronics and electric equipment, the implementation of 
circular strategies (also called RE-strategies), such as reuse, repair, refurbishment, remanufacturing, and 
recycling, could be supported by clear, data-driven insights into product design and composition data. 
However, stakeholders across the value chain have limited access to critical product information and a 
lack of tools to effectively interpret and evaluate these data for informed decision-making. Addressing 
this gap is crucial for enabling more sustainable product lifecycles and advancing circularity in these 
industries. 

 The Circular Economy Resource Information System (CE-RISE) project aims to develop an information 
system interfacing with digital product passports to provide comprehensive details about electronic 
products. This system will enable stakeholders across the value chain, i.e. consumers, manufacturers, 
and end-of-life (EOL) operators, to access detailed product information including indicators providing 
insights on the ease of implementing RE-strategies .In the CE-RISE project, these RE-indicators represent 
a set of metrics to assess the ease of reuse, repair, refurbishment, remanufacturing, and recycling for 
electronic products, which are calculated by processing the relevant data (e.g. disassembly procedure, 
type of fasteners etc.) into a meaningful numerical score. 

 The RE-indicators not only facilitate compliance with existing and emerging regulations (e.g., Eco-design 
for Sustainable Products Regulation) but also have the potential to influence purchasing behavior by 
increasing transparency around product circularity.  Additionally, EOL processors can leverage this 
information to optimize preparation for incoming waste streams, enhancing efficiency in material 
recovery and reuse. In our contribution we will introduce and discuss the methodological foundations of 
the RE-indicators developed in the CE-RISE project for the five RE- strategies reuse, repair, refurbish, 
remanufacturing, and recycling. 
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Abstract 

Within South Africa, approximately 530,000 tonnes of waste electrical and electronic equipment (WEEE) 
was generated in 2022, with only 7-12% being recorded as formerly recycled. In 2021, as a response to 
this growing waste stream, Extended Producer Responsibility (EPR) came into effect for electrical and 
electronic equipment (EEE). Producer Responsibility Organisations (PROs) have been established to 
support EPR implementation, with a key mandate to support Small, Medium and Micro Enterprises 
(SMMEs) and integrate waste pickers into the WEEE management value chain. However, the effective 
inclusion of SMMEs and waste pickers remain a significant challenge. In response, the Sustainable 
Recycling Industries (SRI) programme in South Africa initiated a small-scale WEEE facility study to 
understand constraints and present a framework for the development of small-scale WEEE facilities.  

The study employed primary and secondary research methodologies to analyse small-scale WEEE 
management activities and waste picker integration projects both locally and internationally. Insights 
from this research identified key challenges within the existing framework and highlighted the support 
required to help SMMEs navigate complex legislative and technical requirements. 

The small-scale facility framework report provides critical guidance for small businesses, non-profits, 
and other organisations involved in WEEE management. The report covers regulatory compliance, 
industry mapping, business models, resource needs, financial considerations, success factors, and 
risks. Key enablers for small-scale recyclers include clear regulations, a continuous and reliable 
feedstock sourcing strategy, access to financing, training opportunities, and strategic partnerships. 
Persistent barriers, such as limited feedstock access, single buyers, market disruptions, stock theft, high 
compliance costs, and weak regulatory enforcement hinder sector growth. Strengthening support 
mechanisms and policy enforcement is essential to establish a sustainable and inclusive WEEE 
management system. 

The results of the study provide a comprehensive understanding of the context in which small-scale 
WEEE facilities operate in South Africa, and how waste pickers can be effectively implemented into WEEE 
value chains. The practical considerations identified in this study can assist global change-makers to 
create sustainable solutions to this problematic and ever-increasing waste stream. 
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Abstract 

The secure supply of critical raw materials (CRMs) is vital for Europe’s industrial resilience and green 
transition. Circular economy and the recovery of secondary raw materials (SRMs) offer an opportunity to 
reduce supply risks. The European Union (EU) has thus proposed, via the Critical Raw Materials Act 
(CMRA), a target of 25% of CRM use via secondary (recovered) materials.  However, the future availability 
of CRMs from secondary sources remains uncertain. The FUTURAM project strives to close that 
knowledge gap by collecting data and developing models and scenarios to quantify the future availability 
and recovery potential of CRMs from six different waste streams, including slags and ashes. 

We developed and proposed three different future scenarios. The business-as-usual scenario is built 
based on the extrapolation of current trends. The recovery scenario proposes improved collection and 
recovery technologies, leading to an increase in the recovered CRMs. The circularity scenario envisions 
more sharing and repair while incorporating the higher recovery from the improved previous scenario, 
which may lead to reduced waste flows and decreased recovery. All the scenarios consider the same 
trends for gross domestic product and population. Policy targets and technological progress are 
considered per waste stream and included in the corresponding scenario. All the scenarios consider past 
stocks and flows since 2010, and are quantified until 2050 for the EU27+4.  

Slags and ashes contain valuable elements that are considered critical, such as phosphorous, niobium, 
vanadium, and rare earth elements. However, there has been no comprehensive study on the 
quantification of CRMs available from slags in Europe. We will present key results for each of the three 
scenarios, for slags from metal production and ashes from the combustion of coal, biomass, and 
municipal solid waste. The quantification covers 3 key steps. The first is the collection of waste stream 
composition data, which is fundamental to have results by element. The second is the quantification from 
historical data and modeling of future waste flows, and the third is the calculation of the recovered 
elements supported by recovery transfer coefficients used to model the recovery. The results include 
time-series values on potentially recoverable CRMs under each of the three developed scenarios, 
illustrating the impacts of different policies and levels of investment in technological developments for 
the recovery of CRMs.  
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Abstract 

The bio-based sector is increasingly regarded as a key driver of sustainability through circular economy 
(CE). However, from a management perspective, decision makers in this sector often lack adequate 
monitoring tools to effectively navigate the sustainable transition [1]. Most existing CE indicators focus on 
the macro level (i.e. countries and regions), while only a small fraction target the product level. Within 
bio-based industries, this scarcity of product-level indicators is even more pronounced.   

The EU-funded BIORADAR project addresses this challenge by developing a digital tool to monitor the 
sustainability and circularity of bio-based products, with an initial focus on textiles, packaging materials 
and fertilizers. Specifically concerning CE indicators, the project has mapped existing available bio-
based-focused metrics, identified gaps, and supplemented them to establish a Bio-based Product 
Circularity Measurement Framework (BPCMF). The critical test is determining whether this framework is 
truly aligned with corporate dynamics and accurately reflects the outcomes of circular business model 
transformations [2, 3]. 

The research approach examines the interconnections between four dimensions: (i) existing bio-based 
circularity measurement practices, (ii) potential improvements in measurement, (iii) the usefulness of 
these measurements in managerial decision-making, particularly for business model transformation, and 
(iv) the impact of circularity management on corporate performance. 

To date, the identification of available indicators and the development of the BPCMF have been 
completed, followed by an initial validation based on data availability, feasibility of calculation, and 
relevance to bio-based industries. Research activities are progressing as planned, and by the conference, 
comprehensive results are set to be presented, including an assessment of the measurement framework 
usefulness for business model transformation, and an evaluation of the effects of measurement-driven 
CE activities in bio-based industries. 

Preliminary findings indicate significant gaps that hinder bio-based industries from fully leveraging CE 
opportunities. Bridging these gaps requires further advancements in downscaling CE measurement and 
monitoring tools. The BIORADAR project’s BPCMF represents a significant step toward a robust 
monitoring tool, which is expected to undergo further validation and refinement for seamless industry 
integration. 
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Abstract 

As Ghana expands its solar energy capacity to address power instability, the country faces increasing 
challenges in managing end-of-life (EoL) photovoltaic (PV) panels. Currently, PV waste is predominantly 
handled by the informal sector, where dismantling practices are unsafe, and recycling infrastructure is 
inadequate. This study, conducted as part of the second phase (2019–2025) of the Sustainable Recycling 
Industries (SRI) project, assesses the existing EoL PV management landscape and explores pathways for 
implementing an Extended Producer Responsibility (EPR) system. 

The study employs a mixed-methods approach, combining a literature review with stakeholder interviews 
conducted in April 2024 in the Greater Accra Region. Key areas of analysis include current collection and 
treatment practices, regulatory gaps, and economic barriers to sustainable PV recycling. 

Ghana currently lacks a formal EoL PV management framework, leading to improper disposal, 
environmental hazards, and limited material recovery. While PV panels have a long operational lifespan 
and are frequently repurposed despite reduced efficiency, other solar system components reach their 
EoL much earlier and are not managed in an environmentally sound manner. The collection and recycling 
of EoL PV panels are primarily market-driven, with resale for reuse being the dominant economic 
incentive. While selling panels for reuse generates substantial market value, the financial returns from 
material recovery remain low, limiting incentives for investing in recycling infrastructure. Major challenges 
include weak recycling infrastructure, limited market demand for secondary materials, and insufficient 
awareness among key stakeholders, such as PV panel installation companies, importers, end-users, and 
recyclers. Although current EoL PV panel volumes are relatively low, projections indicate that without 
timely intervention, the increasing stockpile of decommissioned panels will intensify waste management 
challenges. 

To establish an environmentally sound EoL PV management system, the study proposes: (i) extending the 
eco-levy to include PV panels, (ii) enforcing take-back systems for solar companies, (iii) fostering public-
private collaborations, (iv) providing incentives for reuse and supporting repair initiatives for PV panels, (v) 
building capacities for and ensuring conformity with safe and environmentally sound recycling practices, 
and (vi) investing in specialized PV reuse and recycling infrastructure. Clearly defining responsibilities is 
crucial to prevent inefficiencies and double financing and to ensure the effective implementation of 
waste management strategies. 

Implementing these measures will contribute to a sustainable PV waste management system in Ghana, 
mitigate environmental risks, and promote a circular economy within the renewable energy sector. 
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Abstract 

Critical raw materials (CRMs) are on top of research, policy, and business agendas across the world 
owing to their central role in the energy transition and electric mobility, in digital technologies, and in the 
defence and aerospace sectors. While efforts by policy makers, industrial actors, and researchers have 
advanced our understanding of material criticality, the provided insights remain rather siloed, i.e., they 
address distinct aspects of material criticality and may be intended for a specific target audience. 
Contributions that offer a thorough picture of the material criticality discourse are lacking, yet they would 
be extremely valuable given the complex and multifaceted nature of the phenomenon. To bridge this gap, 
this study performs a systematic literature review of the material criticality discourse over the period 
2007-2024, analysing insights on criticality identification and mitigation. The results highlight that while 
there are different criticality assessment frameworks with multiple indicators, it is not clear if they 
sufficiently characterise the essence of the phenomenon. In turn, the urgency and importance of material 
criticality push the investigation towards solving the problems before the phenomenon is fully 
understood, thus putting the efficiency and effectiveness of taken actions under question. Furthermore, 
this study outlines that the current discourse overlooks the role of conflicting perceptions/assessments 
of CRMs and misalignment of mitigation actions taken across diverse industrial sectors and geographical 
scopes. Based on the conducted analysis, we propose an agenda for further research and policy support. 
In particular, we provide implications for the three resource hotspots and six drivers for change of the 
World Resources Forum. 
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Abstract 

The Digital Product Passport (DPP) is an innovative tool designed to improve data transparency across 
product value chains, particularly in line with new EU regulations. By filling data gaps, DPPs have the 
potential to significantly improve sustainability assessments, which are often hindered by insufficient 
quality data. Industrial ecology (IE), which examines the relationships between society, the economy and 
the environment, provides essential methodologies for sustainable resource management. This review 
examines the potential synergies between DPPs and core IE approaches, including Life Cycle 
Assessment (LCA), Material Flow Analysis (MFA) and Input-Output Analysis (IO), and highlights how these 
can contribute to more sustainable supply chains. 

While DPPs effectively document technical parameters such as material composition and lifetime, they 
do not capture socio-economic and environmental impacts or secondary resource availability - gaps that 
IE methodologies can address. DPPs can enhance LCA by providing primary data across stages of the 
product lifecycle, enabling accurate quantification of environmental impacts that can then be fed back 
into a product-specific DPP. Integrating DPP data can improve MFA models, improving resource tracking 
and circular economy modelling accuracy. In IO analysis, DPPs strengthen economic and environmental 
linkages by embedding detailed supply chain data into macroeconomic frameworks. 

We suggest a deeper integration of DPPs with IE tools, particularly in supply chain management and in the 
decision to adopt end-of-life strategies. The information provided by the application of IE methods with 
DPP data can support better informed decisions for stakeholders across the whole value chain, and if 
deployed in scale, potentially drive better design and policies. 
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Abstract 

The demand for mined products, including critical raw materials (CRMs), is rising due to technological 
advancements, economic expansion, and the urgent need for a transition to green energy. Meeting this 
increasing demand while ensuring resource security is essential for sustainable economic growth, 
environmental protection, and societal resilience. However, the combination of growing resource 
demand, finite supplies, and geopolitical uncertainties poses significant risks to sustainable 
development. One key strategy for securing resource supply is diversifying sources, which includes 
exploring unconventional alternatives such as mine waste. Mining generates various waste streams 
throughout its value chain, including tailings, waste rock, and slags. These waste materials often contain 
untapped resources, including CRMs, that could contribute to supply diversification. By recovering 
valuable materials from mine waste, we can help meet rising demand while reducing dependence on 
primary extraction and mitigating environmental impacts. However, unlocking these resources requires 
technological advancements, such as state-of-the-art technologies and innovative methods for 
characterizing, modelling, and understanding the spatial variability of mine waste. This study aims to 
evaluate the applicability of sensor technologies—including Laser-Induced Breakdown Spectroscopy 
(LIBS), Visible Near-Infrared (VNIR), Shortwave Infrared (SWIR), and Portable X-Ray Fluorescence (pXRF) 
spectroscopies to analyze the geochemical and mineralogical composition of tailings, waste rock, and 
slag materials from three localities. The methodological approach involved integrating sensor-derived 
data with machine learning techniques to identify patterns within the data and evaluate the effectiveness 
of these methods for material quantification and classification. This approach enabled a better 
understanding of the composition of waste materials while enabling the assessment of their economic 
potential and associated environmental risks. Such information is crucial to understand mine waste 
compositional dynamics over time, including mineral phase changes, which have implications for the 
availability, mobility, and stability of minerals of interest. This knowledge can help determine the potential 
economic benefits, guide the selection of optimal extraction methodologies, and assess the 
environmental risks associated within the waste material. Moreover, this approach could support the 
digital transformation and automation of the re-mining process through accurate and rapid determination 
of material properties. This, in turn, could contribute to improved resource and energy efficiency, both 
essential for sustainable resource management. 
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Abstract 

The transition towards a sustainable economy necessitates a fundamental shift in consumer and 
industrial goods sectors, particularly in plastics, packaging, textiles, and apparel. Circular business 
models, such as product-as-a-service and closed-loop supply chains, are essential for reducing waste 
and extending product lifecycles. Standardization plays a pivotal role in fostering responsible consumer 
behavior and corporate accountability. Standardized indicators, including product environmental 
footprint and global sustainability indices, and accredited certification, enhance transparency and guide 
sustainable choices. Digitalization improves resource efficiency, traceability, and circularity. However, 
challenges remain in integrating these solutions across industries and ensuring regulatory alignment. This 
paper explores the intersection of circular economy principles, sustainability standards, and digital 
innovations in the Bioradar project, highlighting their potential to reshape production and consumption 
patterns. By leveraging emerging technologies and standardized solutions, businesses and policymakers 
can drive systemic change towards a more resilient and circular economy. Future research should focus 
on scalable digital solutions, policy incentives, and consumer engagement strategies to accelerate the 
transition towards sustainable industrial and consumer goods markets, with the support of standardized 
frameworks. 
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Abstract 

Global environmental and climate challenges are directly linked to natural resource management (NRM) 
and environmental governance implemented at the local level. Demand for natural resources (NR) is 
increasing with different and often competing systems, actors, and objectives. This suggests that NR-
related conflicts will likely increase both in urban and rural areas, with spill-over effects. 

The negative connotation of a conflict depends on the engagement and management of a confrontation. If 
done constructively, it can yield transformative changes and positive outcomes. The challenge is to 
unlock this transformative potential while addressing the related implications. The shared interests in and 
benefits of NRM can also provide the potential for cooperation, as advocated by the concept of 
environmental peacebuilding (EPB). Traditionally, the research and practice of EPB have focused on 
countries affected by violent conflicts. This study is generated from the assumption that the EPB 
approach is transferable to contexts not traditionally associated with peacebuilding studies and can 
deliver integrative knowledge for an improved understanding of local factors that influence multi-level 
governance thanks to decades of practice and research. This study applies the approach to the case of 
social unrest surrounding the construction of a gas pipeline (TAP) in Italy, where environmental issues 
and competing objectives and interests are present, delaying the realisation of the infrastructural project. 
The analysis focuses on local socio-political dynamics with particular attention to state-society cohesion. 
The research questions guiding this study are the following: 

How can a community-based EPB approach be applied at the local level to a region not affected by 
violent conflict? 

What are the underlying community-based mechanisms that can contribute to preventing the escalation 
of a local socio-environmental conflict? 

The study aims to deliver further knowledge to enhance the understanding of the interplay between levels 
in environmental governance and natural resource use (dysfunctional) conflict prevention, including 
context awareness, recognition of local actors, and knowledge co-production as critical elements of 
suggested mechanisms for successful environmental cooperation and project outcomes. 

The community-based political ecology perspective offers tools for understanding the dynamics at the 
local level (including different actors and power asymmetries), feeding the discussion on methodologies 
and metrics for evaluating and designing programmes that include local actors in decision-making. The 
community-based approach is particularly utilised to study dynamics such as vertical trust building and 
the level of participation related to the governance setting as a case of spontaneous collective action 
involving state agencies at different levels. 
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Abstract 

We are proposing a paper focused on how to measure social performance through a holistic approach, 
using the human security methodology. This methodology was developed by LSE IDEAS, the London 
School of Economics and Political Science foreign policy think tank, as part of the UN Business and 
Human Security Initiative. This research and implementation programme was set up to further and 
support the engagement of the private sector in multi-stakeholder collaborations at local level, to achieve 
sustainable development outcomes. Its major outcome was the Human Security Business Partnership 
Framework (HSBPF), which is a unique guidance tool to help companies, investors and other financial 
groups manage practical challenges and translate global ethical standards on responsibility and social 
impact into actions and strategies at local level. The HSBPF is particularly useful in fragile and high-risk 
environments, as it helps achieving positive social impacts through multi-stakeholder engagement that 
includes local communities.  

The main research question is how businesses can use human security indicators as a benchmark to 
provide a more comprehensive, people centered lens with a focus on vulnerable groups in society. Within 
the resource hotspot of “Consumer & Industrial goods”, we will look at how social impact measurement 
is currently being done by companies and consultancy firms (that are hired for this purpose) and compare 
it to a potential new method incorporating the human security approach using a dynamic, bottom-up data 
collection. The research methodology will be to review existing literature (Becchetti et al. 2022; Feor et al. 
2023) and then analyze a number of existing case studies that the authors have been involved in from 
fragile settings in Africa, Asia and Latin-America. The specific case studies will be decided upon during 
the development of the paper, but preliminary case studies include fruits and vegetables production in 
Kenya, coffee production in India and cement production in Mexico. 

Within the thematic focus of the World Resources Forum 2025, this paper will contribute to the driver for 
change “Indicators, Methods & Standards”, in particular by proposing an improved set of indicators for 
local community benefits based on data-driven, evidence-based solutions for social impact. Important 
innovative elements of the paper will be the attention for diversity of stakeholder participation and citizen 
inclusion to improve accountability. In conclusion, the paper will provide field-based evidence on how to 
improve relations between all stakeholders, including business, governments and communities, with the 
aim of creating shared value for society. 
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Abstract 

Europe is rapidly advancing towards the objectives set by the green and digital transition. To this end, an 
undistorted and sustainable supply of critical raw materials (CRMs) remains essential. At the same time, 
the rapidly changing geopolitical context and the imposition of various trade restrictions across the globe 
have markedly increased supply chain vulnerability. In particular, China responded to these international 
trade tensions adopting more stringent export restrictions over a group of CRM related products, posing a 
significant risk to several strategic EU supply chains. For instance, with respect 
to Antimony - an essential CRM for defense, electronics, energy storage and flame retardants [2] - the EU 
is entirely dependent on imports of antimony ore and metal, while China dominates global production 
and processing. In September 2024, China imposed export licensing requirements on antimony ore, 
metal, and oxides, introducing uncertainty over availability and pricing. These measures do not 
constitute a full export ban but add regulatory complexity, raising concerns over the long-term security of 
supply for EU industries.  

This study investigates the potential impact of China’s export restrictions on antimony on EU supply chain 
stability. It inquires on the role that supply diversification, and secondary production can play to mitigate 
supply chain shocks related to antimony. Through a quantitative trade analysis, this study assesses 
China-EU trade flows of antimony ore, metal, and compounds, mapping import reliance, supply shifts, 
and price effects. Historical customs data (2019-2024) from EUROSTAT and Chinese trade sources 
are analyzed to quantify the impact of the restrictions on trade volumes and prices.[3]  

Findings suggest that the direct potential impact of Chinese export restrictions on EU supply chain may 
not be too detrimental, due to low reliance on Chinese antimony ore and diversified sourcing for refined 
antimony. However, indirect effects could result in long-term volatility, such as price spikes given by the 
intensified competition for alternative suppliers.  The study also shows that while the EU may not 
be significantly affected by China’s restrictions, market volatility and supply chain pressures 
could greatly intensify. To become more resilient, the EU shall expand partnerships, increase domestic 
processing, and scale up secondary production.  
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Abstract 

Construction materials are central to global environmental impacts, accounting for half of annual raw 
material consumption, significant carbon emissions, and substantial contributions to land-use change. 
These challenges are particularly pronounced in the Global South, where future material demands—and 
their associated environmental and societal impacts—are expected to concentrate. However, 
understanding the quantity and lifecycle of construction materials, including their types, quantities, 
spatial distribution, and impacts, remains limited due to data gaps and inadequate research 
frameworks.  This study uses Pakistan, a diverse South Asian nation of over 241.5 million people, as a 
case to explore development, urbanization, and cultural identity. It examines three distinct socio-
economic regions at different development stages: Karachi, a megacity facing urbanization and 
inequality; MirpurKhas, a secondary city balancing urban and rural challenges; and Deh 294, a rural area 
reflecting agricultural reliance and traditional lifestyles.   

The research addresses two key questions: (1) What and where are construction materials in use? (2) 
What societal services do they support? A bottom-up approach quantifies material intensities (kg/m²), 
using building measurements, Material Composition Indicators, and a Material Intensity (MI) protocol 
distributed to construction professionals. This data, combined with census records and neighborhood 
classifications, enables cadastral-level mapping of material stocks. Residential buildings are categorized 
by income, construction type (e.g., adobe, reinforced concrete), and formality (formal/informal), 
providing granular insights into material use patterns.   This approach produces a detailed spatial map of 
construction material distribution, supported by population and building density analyses.   

Beyond material accounting, the study assesses how construction materials influence access to 
essential services such as healthcare, education, transportation, and sanitation. It distinguishes between 
public and private material stocks to evaluate disparities in service provision across urban, suburban, 
and rural contexts. Guided by Decent Living Standard (DLS) dimensions, the research integrates 
socioeconomic indicators to examine how material availability shapes resource equity and sustainable 
living conditions.   

This research for the first time, highlights uneven distribution of resources and services across and within 
socio-economic regions in Pakistan, emphasizing the significance of local building archetypes in shaping 
material stocks. This study aligns with the “Built Environment” hotspot, addressing Indicators, Methods 
& Standards through material intensity protocols and spatial mapping. It also connects to Sufficiency by 
exploring resource distribution equity and sustainable living needs, and to Circular Economy through 
insights into material flows and lifecycle impacts. By integrating socio-economic and environmental 
perspectives, it offers a holistic approach to sustainable resource management in the Global South. 
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Abstract 

Civil society demands and recent legislative developments in human rights and environmental due 
diligence (HREDD) drive companies towards more responsible business conduct along supply chains. 
The resulting compliance requirements and burden to report on responsible business conduct, lead to a 
rapid growth in consulting services and digital tool development to cover these needs: The estimated 
market value of these services in 2023 ranged from 889 million to 2.7 billion EUR. The current scientific 
discourse on supply chain as well as corporate social responsibility tools provides insights into their 
wide-spread use and assessment, but less so the maturity of these tools to help business to integrate 
HREDD into their business processes. In fact, the variation in awareness and maturity levels of HREDD 
Tools across different commodity sectors, industries, and Due diligences processes presents a 
considerable challenge in delivering effective HREDD. Taking a multi-theory approach based on business 
compliance theory, resource dependence theory, and supply chain theory, the purpose of this research is 
to design and apply a tool typology framework. The framework is based on the six steps in the OECD Due 
Diligence Guidance for Responsible Business Conduct (2018) as well as technical maturity. For building 
our tool sample database, we applied a purposive sampling approach excluding standard and 
certification schemes as well as policy instruments. We compiled 126 tools originating from three 
sources: a) desk-research, b) searching in exiting tool databases, initiatives as well as major consulting 
sector organisations, and c) expert consultation within the EU funded research project DiliCHANCE. 
Based on our assessment framework. The following clusters of tools have been identified, demonstrating 
the diversity of technical, content-related, and functional approaches available in the market for 
supporting companies with supply chain due diligence: (a) non-interactive tools, (b) self-check tools, (c) 
data providing tools, (d) dynamic benchmarking tools, (e) supply chain management tools, and (f) 
assessment and certification-oriented tools. Our findings suggest that corporate actors should take care 
when selecting tools based on their technical requirements and their potential for improving HREDD 
processes. Our study expands the current understanding of tool maturity characteristics that help 
companies to (1) better integrate them into their business processes and (2) improve the quality of 
HREDD processes in their organisation. By investigating the current maturity levels of HREDD Tools, our 
research contributes to better design for newly developed or improvement of existing tools. 
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Abstract 

There is widespread agreement that ASM, which to a dominant extent is related to gold, is associated with 
a host of negative impacts and otherwise problematic characteristics (e.g. WHO, 2016; World Bank, 
2020). The environmental impacts are usually significant, and the socio-economic benefits that 
sometime are noted are often overshadowed by the fact that the sector contributes little in terms of 
royalties and taxes as well as numerous externalities such as negative impacts on human health, unsafe 
work practices, social disorder, and often a close association with criminal networks and money 
laundering. Efforts to encourage ASM miners to produce in a more responsible way have had meagre 
results, with the amount of responsible gold sourced from the sector being counted in mere tens of kilos 
annually (Fairmined, 2022). And the ASGM sector is the most important source of emissions of mercury to 
the environment, with no clear signs reported of improvements, in spite of the existence of Minamata 
convention, and concerted international efforts to convince miners to stop using the metal.  

The negative impacts associated with ASM has been increasing during the past decades, as a result of an 
ever increasing number of people becoming involved. Perplexingly, this development has been 
associated with, and perhaps in part caused by, a widespread consensus among researchers and policy 
advisers that the sector should be encouraged and facilitated through formalization, special and more 
lenient laws, and the provision of technical and financial support, with the hope that better regulated and 
more orderly ASM will develop (World Bank 2024, and references therein). This paper considers the 
results of such supportive activities in four countries – Bolivia, Peru, Ghana and South Africa – all of which 
have made concerted efforts to formalize and encourage ASM activities. It is shown that the results have 
not been those expected. Based on this fundamental finding, it is suggested that current policies applied 
to ASM are at least in part inappropriate and do not lead to the expected results. An alternative approach 
is proposed, one in which traditional and/or clearly poverty driven artisanal activities are tolerated, and 
support given to such miners to mine safer and with less environmental impacts. At the same time, the 
often more egregious forms of artisanal and small scale mining should not be encouraged but instead 
brought under stricter control, with the aim that only responsible and law abiding forms of mining may be 
supported. 
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Abstract 

Plastics and their environmental impacts have become a defining challenge of modern society. Since 
1990, plastic production has outpaced steel, glass, and aluminium, reaching over 400 Mt in 2017. The 
associated lifecycle greenhouse gas emissions were around 2 GtCO2e—approximately 3% of global 
emissions. While other industrial sectors are on pathways to reduce emissions, plastics production 
continues to expand, with policies such as incentivizing incineration for energy recovery driving further 
emissions. Despite growing knowledge of global plastic flows and decarbonization strategies, a holistic 
understanding of End-of-Use (EoU) treatment options remains lacking. 

Effective EoU policies depend on a comprehensive assessment of treatment pathways, yet these are 
constrained by infrastructure and systemic interdependencies. Recycling, for example, is closely linked 
to manufacturing, while energy recovery from incineration currently supplies electricity and heating in 
many cities. A promising approach to mitigating plastics’ environmental impact is the use of low-carbon 
feedstocks, such as biomass, which could also enable carbon sequestration in landfills and accelerate 
negative emissions deployment. However, realizing this potential requires a clearer understanding of the 
practicalities, risks, and interactions with waste management systems, business models, and 
decomposition processes. 

This study evaluates the system-wide impacts of EoU treatment options and develops a holistic decision-
making framework for policy guidance. The work reassesses recycling, landfill, and incineration for both 
conventional and low-carbon feedstock-based polymers. It compiles life cycle inventory data, reviews 
academic and grey literature, and incorporates original modelling to synthesise a decision-making 
approach. Additionally, it quantifies the maximum feasible carbon sequestration through plastics 
landfilling, comparing it to other negative emissions pathways and exploring policy options for emissions 
reduction across EoU treatments. 

Our findings indicate that fossil-derived plastic waste should not be incinerated for energy recovery, as its 
emissions exceed those from coal-fired electricity. Instead, efforts should prioritise improving 
mechanical recycling rates. Chemical recycling may serve specific applications in bulk plastic production 
but remains limited due to its high carbon and energy intensity. For non-recyclable plastics, enhanced 
landfilling offers a viable solution: segregated plastics with recorded compositions could be cleaned and 
stored for future recovery, effectively sequestering carbon. This strategy preserves resources for potential 
future recycling advancements, such as enzymatic recycling, if energy efficiency and cost improve or if 
regulatory changes create new business opportunities. Additionally, landfilling bioplastics could provide 
an effective negative emissions strategy, provided biomass feedstocks are available at scale and waste 
management processes are optimized for long-term carbon sequestration. 
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Abstract 

As a key component of modern battery technologies, lithium plays an essential role in the energy 
transition. This has led to a growing demand, which is expected to increase even further in the coming 
years. Global lithium production is projected to reach 2.7 million metric tons by 20301. Lithium has been 
classified as a Critical Raw Material by the European Union since 2020. Recent regulations, such as the 
Battery Regulation and the Critical Raw Materials Act, set specific targets, including a requirement to 
achieve at least 80% lithium recovery from recycled lithium-ion batteries (LIBs) by 2031.  

This study explores how these targets can be achieved through the direct battery recycling processes. The 
focuses in this study is on nickel manganese cobalt oxide (NMC 111) cells. The direct battery recycling 
process involves disassembly, water immersion of the electrodes and slurry processing to have at the 
end nine output fractions: housing, electrolyte, separator, aluminium foil, water from cathode material, 
recovered cathode active material (RCAM), copper foil, water from anode material, and recovered anode 
active material. Our results show that 82% of lithium can be found in the RCAM, while the anode and 
cathode water bath fractions account for 10% and 3%, respectively. These findings reveal that targeting 
RCAM alone is insufficient to meet the mandated recovery rates due to potential losses during 
subsequent processing to produce battery-grade materials. This highlights the necessity of recovering 
lithium from the process water fractions, which contain concentrations similar to natural brines (i.e., 
1600 ppm). To address this, membranes were applied to study their effectiveness in separating and 
concentrating lithium in the water, aiming to enhance lithium recovery from the water baths.  

In this study, we present and analyze the efficiency of this potential lithium recovery process in detail. 
Furthermore, this study underlines the necessity for recyclers to perform detailed mass balance 
evaluations to better understand lithium distribution across process outputs and optimize recovery 
strategies. This approach ensures compliance with regulatory mandates while supporting circular 
economy goals for LIB recycling. 
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Abstract 

Rare earth elements (REE) are strategic minerals for the EU and its decarbonisation efforts. Demand for 
these critical raw materials is set to also grow globally, especially for those used in the manufacturing of 
permanent magnets and contributing to the thrive of electric mobility and the deployment of renewable 
energy technologies [1]. Present attempts to address the increasing demand of REEs are predominantly 
focused on recycling technologies. However, REE recycling operations at full-scale have not been 
established yet. Life extension strategies are a promising solution to preserve products in the system and 
mitigate the increasing demand for REEs. Despite that, circular business models building on such 
strategies have only been examined to a limited extent [2]. 

This work aims to investigate potential opportunities, challenges, and requirements for new business 
models as repurposing rare earth permanent magnet (REPM) e-drive motors from end-of-life (EoL) electric 
vehicles (EVs) to industrial applications. A mixed research approach based on literature analysis, 
stakeholder interviews and expert consultations was carried out to assess technical (in)compatibility 
aspects between e-drive and industrial motors, and to identify opportunities and challenges for 
repurposing. A market analysis was performed to estimate the theoretical demand for repurposed REPM 
e-drive motors from industry. 

The biggest compatibility issues between e-drive and industrial motors were found in terms of motor 
torque, motor cooling, and motor standardization. Remanufacturing potential of EV motors is expected to 
remain limited, thus a significant volume of REPM e-drive motors from EoL EVs remains potentially 
available for other circular strategies, opening the way towards new circular business models, providing 
also higher opportunities related tosustainability and innovation at SMEs level. At EU level, repurposing 
might lead to a higher share of REPM motors used in industry, in turn resulting in improved energy 
performance, i.e., a reduced carbon footprint of industries. Life extension strategies are strong allies in 
the management of material criticality and resource depletion. As such, their relevance and possible 
implementation should be considered to boost resilience for criticality mitigation, while also fostering EU 
competitiveness and enhancing circular business models [3]. This work will also discuss the possible 
policy implications of these findings. 

Disclaimer: this paper does not represent an official position of the European Commission. 
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Abstract 

The built environment is crucial to provisioning housing and meeting basic human needs, but also 
significantly drives ecological impacts. In the EU, it accounts for 36% of greenhouse gas emissions, 50% 
of material extraction, and 35% of waste. Operating buildings alone represented nearly a third of final 
energy consumption in 2022.  

Existing EU policies for decarbonising the buildings and construction sector largely focus on improving 
energy efficiency and renewable energy. Such efforts are often undermined by growing floor area per 
capita, which varies widely across Member States. These disparities are mirrored by unequal access to 
living space within countries. Vacant or under-occupied buildings persist while many Europeans still face 
overcrowded or unaffordable housing.  

Sufficiency offers a complementary strategy by addressing how much resource consumption is truly 
needed to meet human needs within planetary boundaries. It seeks to secure a "social floor" that ensures 
basic needs and an "ecological ceiling" that limits overconsumption. Studies have demonstrated the 
significant potential for sufficiency to reduce the sector’s ecological impacts while improving housing 
affordability and reducing inequalities.  

However, there is a lack of understanding of the role of EU-level policies in implementing sufficiency 
principles in the built environment. Most studies focus on national, regional, or local policy initiatives. To 
bridge this research gap, we focus our analysis on the EU level. We specifically aim to assess the extent 
to which sufficiency principles have been integrated into EU policymaking and explore areas where such 
policies could play a larger role in the future.   

For this purpose, we apply a combination of qualitative research methods. Using the document analysis 
approach, we first review the application of the sufficiency concept in the buildings sector and 
prospective benefits as identified by existing studies. We then conduct  a comprehensive mapping of EU 
policies relevant to the built environment, resulting in a policy matrix. Based on the matrix, we assess the 
extent to which current policies align with sufficiency principles.   

We conclude by identifying key gaps and opportunities for integrating sufficiency into EU policies. The 
analysis also uses inputs from a stakeholder workshop which gathered experts from diverse backgrounds 
to provide additional perspectives on how sufficiency could reshape policies in the buildings and 
construction sector.  

Preliminary results indicate that several policies offer potential entry points for sufficiency strategies, 
including the Energy Performance of Buildings Directive, the Construction Products Regulation, and the 
EU Taxonomy for Sustainable Activities.   
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Abstract 

To increase sustainability of goods and to globally decarbonize the society, critical materials are essential 
for strategic technologies; as an example, batteries for low carbon mobility and digital devices are 
booming all over the world [1]. Such growth will soon turn into a huge volume of used batteries to be 
properly managed, and emerging Circular Economy strategies should be conceived as an opportunity to 
minimize the batteries’ life-cycle impacts and maximize their resource efficiency [2]. 

Proper management of used batteries requires an in-depth knowledge of their value-chain and specific 
characteristics. Appropriate collection of waste batteries is required as well. This work focuses on waste 
batteries Available for Collection (AfC), as a key step of the batteries value-chain to be explored to identify 
circular opportunities before batteries become waste, as well as to estimate the availability of secondary 
(critical) raw materials strengthening resource sufficiency. 

The Battery Regulation ((EU 2023/1542) sets ambitious collection targets for portable and Light Means of 
Transport batteries. This study addresses two main challenges when quantifying the volume of waste AfC. 
Firstly, the knowledge of the value-chain, including the emerging applications and circular strategies. 
Secondly, the definition of the in-stock lifetime, which is intrinsically dependent on the battery 
characteristics (e.g. chemistry, application), as well as on users' behavior (e.g. maintenance, end-of-life 
management).  

Information from available sources was collected and validated through stakeholder workshops, and 
used to develop a dynamic Material Flow Analysis. A statistical distribution with an average lifetime for 
different groups of batteries was used to estimate the waste generated. Volumes of batteries potentially 
not-AfC were identified and formalized to estimate the waste batteries effectively AfC. Finally, the 
availability of secondary raw materials in time can be estimated. 

Results show that waste batteries AfC are related to both their economic value (e.g. embedded valuable 
materials) and to the in-place regulatory measures (e.g. targets). Although some tools are already under 
development (e.g. product passport), and digitalization can support traceability and resource monitoring, 
data gaps are still important. Moreover, proper (and simple) indicators and analysis tools are essential to 
provide meaningful information and minimize losses. 

Circular Economy should be conceived as a framework where various strategies all simultaneously 
contribute to a more sustainable resource management. In this perspective, design for circularity and 
trade-offs among circular strategies are needed to minimize losses and foster resource efficiency, 
boosting critical/strategic materials governance and EU competitiveness [3]. 
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Abstract 

Centuries of accelerated economic growth have intensified resource extraction and environmental 
pressures. To mitigate these effects, economy-wide and sector-specific analyses have been conducted 
to identify environmental hot spots and explore sustainability pathways. However, few studies examine 
how these hot spots evolve across regions and sectors under different future scenarios, a crucial aspect 
for designing targeted and effective mitigation strategies. 

To address this, we develop prospective multiregional input-output tables (MRIOTs) by integrating 
scenario data from the Integrated Assessment Model (IAM) IMAGE into the EXIOBASE MRIOT. IAMs such 
as IMAGE simulate coupled human-natural system dynamics to explore “what-if” scenarios, identifying 
environmental hot spots from a production perspective. Meanwhile, MRIOTs capture static interregional 
and intersectoral economic linkages, allowing for consumption-, value-, and target-based impact 
assessments. Combining these two complementary data sources enables a more comprehensive 
analysis of future environmental impacts. 

Our study expands previous integration efforts [1,2] by incorporating agricultural sectors alongside energy 
systems, capturing changes in GDP and value added, as well as production, pricing, trade, and use of 
energy and agricultural products. To estimate unknown matrix entries, we apply an optimization 
approach that minimizes the deviation of technology coefficients from the original EXIOBASE structure 
while incorporating IMAGE scenario constraints. This ensures that the prospective MRIOTs reflect both 
macroeconomic and microeconomic transformations while preserving key structural characteristics of 
the unknown economy. 

Using these prospective MRIOTs, we conduct environmental impact assessments from production and 
consumption perspectives, enabling the identification of future hot spots. We demonstrate this 
implementation with a case study on water footprint along the supply chain in 2020 and 2050 under SSP2. 
The results indicate that total water footprint could increase by 65%. In the non-food consumption sector, 
India would surpass China as the main direct contributor and indirect driver due to increasing demand. 
Additionally, water footprint driven by biofuel consumption is projected to rise by 15%, primarily due to 
increased sugar crop use for biofuel production. This analysis can also be extended to value- or target-
based accounting and applied to assess other environmental impacts, such as climate change and 
biodiversity loss. 

In summary, we present an enhanced methodology for constructing prospective MRIOTs that incorporate 
IMAGE scenario data while preserving the EXIOBASE-based structure for unknown economic 
components. The comprehensive impact analysis based on the outcome databases can identify the 
critical regions and sectors driving environmental pressures in dynamic future scenarios, providing 
valuable insights for policymakers, researchers, and industries. 
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Abstract 

In response to the threat of climate change, governments and industries have developed net-zero 
emissions strategies which guide investments and policy decisions. These strategies depend primarily on 
technology innovations to substitute today’s activities with emissions-free alternatives, while assuming 
continued growth. However, the potential for such technologies is often overstated and disguised by 
burden-shifting. For example, plans may depend on synthetic fuels or biomass without accounting for 
their supply, or on the use of negative emissions technologies without accounting for their power or land 
use requirements. The aggregated energy and resource demands of proposed strategies are not easily 
ascertained and are often compared against overly optimistic projections of availability. Future supply 
expectations are biased by the dominant modelling approaches used today, and by the limited 
consideration of the physical, social and political constraints on deployment rates. Without a comparison 
between aggregated resource demands and realistic supply availability, risks of supply shortages in 
climate policy have not been clearly considered or articulated. 

This study provides the basis to expose burden-shifting and risks of supply shortages in climate policy. A 
framework and model have been developed to aggregate demands of industry-led net-zero plans, 
building on the realisation that all net-zero strategies depend fundamentally on three Zero Emissions 
Resources (ZERs): emissions-free electricity, biomass and carbon storage. The model draws on a self-
consistent dataset of resource flows of 170 processes - derived from an extensive literature search 
spanning academic reviews, lifecycle assessments, techno-economic analyses, policy documents and 
industry reports. To provide a basis for comparison, evidenced expectations of the probable future supply 
of the three ZERs are developed, which consider the historical data, industry projections, and current 
trends. 

Comparing probable maximum supply against aggregated future demand reveals significant risks of 
supply shortages - dominant approaches to climate mitigation require an improbable expansion of the 
fundamental resources in the required timescales. Applying the model in reverse, however, shows that 
alternative mitigation approaches, which focus on reducing overall demands, offer a plausible pathway 
for climate mitigation. Many overlooked opportunities for innovations exist in policy, planning, service 
models, resource efficiency, service sufficiency and financing. 

This work demonstrates that current policies are highly unlikely to achieve net zero by 2050 due to 
significant risks of supply shortages. By addressing the challenge of balancing future demand and supply 
for the three Zero Emissions Resources, however, it is possible to create lower-risk and more equitable 
pathways to zero-emissions futures. 
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Abstract 

Digitalization, driven by electronics, has revolutionized societies. Instant access to information and 
education is transforming lifestyles and business models. But, technological innovations are 
accompanied by an ever-increasing amount of waste. The rapid evolution of technology, together with the 
consumers’ demand, planned obsolescence, and linear economy models, are leading to a rapid discard 
of the ‘old’ electronic goods. According to the Global E-waste Monitor 2020, 53.6 Mt of e-waste was 
generated in 2019; 82.6% of which was not properly documented, managed or recycled. In this 
digitalization wave, batteries play an essential role due to their capability to deliver high energy densities 
in a portable format. However, the portable battery life-cycle presents analogous environmental 
drawbacks to electronics. 

From materials screening to format standardization, the main efforts in portable batteries research have 
been devoted to increasing power output, achieving higher energy densities, and in the case of secondary 
batteries, enhancing cyclability. This excessive attention given to the battery performance has 
overshadowed other indicators that set the sustainability of the battery value chain. For portable batteries 
to stop contributing to environmental damage, and become an example for sustainable technological 
development, it is crucial to change the way the battery value chain is approached. 

This scenario sets a great opportunity to think of alternative perspectives to address sustainability for 
portable batteries. Advocating for a ‘fit-to-purpose’ approach, our research tries to keep the battery life 
cycle within the sufficiency principle (see Figure 1). [1] To do so, the development of such batteries is 
paired with the application value chain, in such a manner that even the power source end-of-life is 
redefined according to the use-case scenario and tested under the standardized norms (e.g. 
compostability, biodegradability or recyclability with paper and cardboard). The talk introduces 
technological examples of power sources ecodesigned under this rationale to power IoT devices in 
different sectors (e.g. environmental monitoring, portable diagnostics, precision agriculture or smart 
packaging). [2,3] 

This work is profoundly transdisciplinary and aims to evolve towards sustainable technological 
development models, sparking the debate about the redefinition of the portable battery life-cycle under 
an environmentally conscious framework. 

Keywords 

Ecodesign, Fit-to-purpose, Portable power source, Disruptive EoL, SSbD  



218 Leverage points in the supply chains of Lithium, Cobalt, REEs, and natural 
graphite 

Sónia Cunha, Yanan Liang, Susan van den Brink, Rene Kleijn 

Leiden University, Leiden, Netherlands 

Abstract 

Climate change has propelled Europe into an energy transition that heavily relies on renewable 
energy technologies and energy storage systems. This shift has drastically increased the demand for 
critical raw materials, such as those used in batteries and electromotors. To address this, the Critical 
Raw Materials Act aims to ensure a fair and secure supply of these essential materials. Examples of 
actions include streamlining permitting procedures for projects and establishing targets like a limit of 
65% supply from a single third country. Intricate supply chains can complicate the traceability of 
materials, making it challenging to guarantee fairness and for companies to do their due diligence. 
Understanding the flow and security of raw materials is crucial for minimizing environmental 
footprints while safeguarding sustainability. 

This study explores the supply chains of lithium, cobalt, rare earth elements, and natural graphite, 
and identifies leverage points for traceability and certification. The supply chains of the four 
materials are characterized from reserve to mines and processing plants, including information on 
trade between countries, secondary supply, processing, and identification of stakeholders. The 
leverage points are determined based on three criteria: chances in composition, changes in location, 
and changes in ownership. 

The results illustrate the supply chains of the different materials. In addition to the identification of 
leverage points for traceability and certification, we highlight key countries in the supply chains, 
including traders and the purpose of the trade. We also discuss the impact of secondary supply, and 
the impacts of more concentrated market or vertically integrated stakeholders.   
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Abstract 

Energy efficiency has emerged as an essential component in addressing global climate challenges, 
particularly in rapidly developing economies like India. As the world’s third-largest energy consumer, 
India faces significant pressure to achieve economic growth while framing sustainable energy practices. 
To address this dual challenge, India has introduced several policies and programs, among which the 
Standards and Labeling (S&L) program stands as a cornerstone initiative. Launched by the Bureau of 
Energy Efficiency (BEE) in 2006, the program provides a systematic framework for improving energy 
efficiency and sets performance standards and energy labels for appliances, helping consumers make 
informed and sustainable product choices. It not only reduces energy consumption but also promotes 
market competition and innovation, contributing to the reduction of greenhouse gas (GHG) emissions and 
aligning with global climate goals. This study, based on secondary sources of data, aims to evaluate the 
impact of India’s S&L program, which has become a cornerstone of the country’s energy efficiency 
strategy. The findings reveal that the program has made significant contributions to improving energy 
efficiency in India, achieving energy savings of 81.64 billion units (BU) and a reduction of 58.19 million 
tonnes of carbon dioxide (CO₂) emissions during the fiscal year 2022-23. It has been particularly effective 
in promoting energy-efficient household appliances and phasing out inefficient products, ensuring that 
only high-efficiency appliances are available in the marketplace. By promoting the transition towards 
energy-efficient technologies, the program not only supports long-term reductions in energy consumption 
but also reinforces India’s commitment to the National Action Plan on Climate Change (NAPCC) and 
Sustainable Development Goal (SDG) 7, emphasizing affordable and clean energy. However, the study 
also highlights challenges and gaps in the implementation of the program, including the need for stricter 
enforcement of mandatory labeling, greater consumer awareness, and the inclusion of more appliances 
under the mandatory requirements. The Comptroller and Auditor General (CAG) of India has also reported 
issues such as lack of label verification and inadequate market surveillance, resulting in misleading 
efficiency claims. To address these challenges, this paper recommends third-party verification, stricter 
compliance monitoring, and improved enforcement mechanisms to enhance the program’s 
effectiveness. It aims to make a meaningful contribution to the field of energy efficiency and sustainability 
by providing a comprehensive analysis of India’s S&L program and offering valuable insights for 
policymakers and stakeholders to enhance energy efficiency initiatives, particularly in developing 
countries that face similar energy and sustainability challenges.  

Keywords 

energy efficiency, sustainable consumption, Standards and Labeling (S&L) program, electrical 
appliances, climate change  



221 Towards a Circular Economy for Insulation Plastic Material: Comparing 
Complementary Recycling Strategies in Different European Countries 

Alberto Arcà, Catharina Bening 

ETH Zürich, Zürich, Switzerland 

Abstract 

Plastics are versatile and cost-effective materials that have become widespread in modern society, with 
production in the European Union (EU) reaching 54.1 million tons in 2022. However, plastic waste 
management remains a significant challenge, as more than 70% of plastic waste is incinerated or 
landfilled in the EU. The linear paradigm of the plastic industry is leading to adverse environmental and 
economic consequences while posing risks to human health. In response, the circular economy model is 
increasingly viewed as a solution to improve resource efficiency and environmental protection. In 
particular, recycling is a critical circular strategy for plastics to de-fossilize the sector and provide value to 
plastic waste.  

The building and construction sector is the second-largest plastic consumer in Europe, accounting for 
22.9% of total plastic demand. Among the various applications, plastic-based insulation materials (PIM), 
notably expanded polystyrene (EPS) and polyurethane (PUR), are critical in enhancing building energy 
efficiency. However, their end-of-life management remains highly inefficient, with most insulation plastic 
waste being landfilled or incinerated. While mechanical recycling (MR) is suitable for clean and 
homogenous waste, it struggles to handle composite structures, contamination from adhesives and 
coatings, and legacy flame retardants such as hexabromocyclododecane (HBCD). Chemical recycling 
(CR) technologies offer a potential solution by processing contaminated and mixed plastic waste that MR 
cannot handle. Despite the potential for MR and CR to complement each other, it remains unclear how 
these technologies can be implemented into a cohesive recycling system. 

To address this gap, this study aims to assess the conditions under which MR and CR can function as 
complementary solutions to enhance the recycling rate of PIM.  To achieve this, the study adopts a 
comparative case study approach, examining Italy, Switzerland, and Germany to analyze how policy 
frameworks, market structures, and technological constraints shape the feasibility of MR-CR integration. 
A systematic literature review provides insights into the regulatory landscape, existing recycling 
practices, and industry developments, while semi-structured interviews with policymakers, recyclers, 
and industry stakeholders offer empirical perspectives on barriers and enablers influencing PIM recycling. 
By combining these methods, the research identifies key technical, economic, and regulatory factors that 
affect the viability of integrating MR and CR within insulation plastic waste management systems. The 
findings contribute to an improved understanding of the systemic conditions necessary for MR-CR 
complementarity, highlight cross-country differences in recycling policies and infrastructure, and 
propose strategies to optimize insulation plastic recovery within the building and construction sector. 
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Abstract 

Worldwide, concrete is used as the material of choice in the construction sector. In Latin American 
countries, concrete is primarily used in structural elements because it is a low-maintenance, versatile, 
and economical material compared to other industrialised materials. With its characteristics, concrete 
made it possible to cover the Ecuador´housing deficit to some extent. However, this material raises 
sustainability challenges and does not respond to the needs of the local communities, who are 
concerned about the displacement of traditional techniques and the loss of cultural heritage. From a 
socio-economic perspective, 77% of Ecuadorian construction workers are in informal conditions, facing 
issues such as inadequate wages, poor occupational safety, and lack of social security.  

This has raised interest in vernacular materials, which offer lower embodied energy, lower environmental 
impact and high use of local labour, although research on their potential in Ecuador remains limited. A 
shift toward integrating environmentally friendly and culturally relevant materials, along with improving 
working conditions, is essential for a holistic approach to a sustainable construction sector in Ecuador. 

This study aims to evaluate the sustainability of the production of six fiber and earth-based local 
materials from artisanal and semi-mechanised production in Ecuador. The evaluation considers three key 
dimensions—environmental, social, and cultural—through an interdisciplinary approach. To analyze data 
collected from local producers, the study employs environmental and social life-cycle assessment 
methodologies in combination with ethnographic methods. 

The results of the environmental impact analysis show that artisanal production materials generate less 
impact compared to international benchmarks and semi-mechanised production processes. Their low 
emissions are not due to the materials themselves, but to the manufacturing methods used. The results 
of the social assessment show a low performance for artisanal production and a near-neutral 
performance for semi-mechanised processes. In addition, the cultural analysis highlights a strong link 
between producer identity and artisanal production, which weakens as semi-mechanised processes 
expand and replace traditional methods. 

Combining the results of each method this approach helps identify potential trade-offs and synergies 
between these dimensions, offering guidance for achieving a sustainable building sector without burden 
shifting and highlights the relevance of developing local datasets to represent the reality of the production 
within the territory and the potential of vernacular materials.  
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Abstract 

This paper examines gold as a common pool resource (CPR), where multiple stakeholders—such as 
families, cooperatives, or enterprises—own and manage the resource, rather than a single large company 
or the state. It challenges the "tragedy of the commons" idea, which suggests that mineral resources can 
only be effectively managed by large entities. Through case studies from Yukon and Ghana, this work 
explores the persistence of small-scale mining (SSM) as a form of CPR over 150 years in Yukon and more 
than 1000 years in Ghana, despite recent governance systems favouring large-scale operations. Using 
Ostrom’s eight principles for enduring CPRs, the research identifies successful and failed areas of 
formalization in these industries, offering insights into the challenges of integrating formalization 
initiatives. It compares the governance barriers faced by gold CPRs in Ghana with those in Yukon and 
argues against the assumption that non-renewable resources cannot be managed as CPRs. The research 
supports the idea that slow mining of gold can sustain local economies indefinitely in resource-rich 
areas. 
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Abstract 

The global point-of-care (PoC) diagnostics market is expected to continue growing at a steady pace. The 
REASSURED framework incorporates essential principles that if fulfilled, guarantee a rapid test effective 
deployment where needed: Real-time connectivity, Environmentally Friendly, Affordable, Sensitive, 
Specific, User-Friendly, Rapid, Equipment-free and Delivered in need.[1] The major drivers of the point of 
care diagnostics market include the growing incidence of infectious diseases and cancer. Moreover, the 
growing inclination towards preventive medicine further contributes to the anticipated rise in demand for 
these tests, causing an urgent need to increase global testing capacity above what is achievable with the 
current standard approaches. Molecular diagnosis can enable rapid and accurate detection of molecular 
markers, such as nucleic acids or proteins, at the point of patient care. During the SARS-CoV-2 
pandemic, the need for a rapid test with PCR-level sensitivity and specificity became evident, which 
accelerated the development of several new products. However, most of these devices were designed 
with a high component complexity and a significant environmental footprint, resulting in a substantial trail 
of e-waste. Ultimately, their high production costs led to their withdrawal from the market.[2] This 
episode highlighted the importance of addressing society’s healthcare needs, by designing point-of-care 
devices from a different perspective—one that prioritizes economic sustainability and environmental 
responsibility throughout their entire life cycle. 

Our approach towards reaching this goal is based on the creation of minimalistic electronic devices that 
are powered by ‘fit-to-purpose’ energy sources.[3] Here, a paper-based battery in a lateral flow test strip 
format that can follow the life cycle of portable diagnostic devices will be presented. These liquid 
activated batteries can be fabricated under the same procedures used in the rapid test industry and have 
shown the ability to power the most relevant features needed in portable medical devices, such as 
sensors, displays, wireless communications or heating. Then, the paper-batteries capabilities are 
demonstrated with the development of a fast, cost-effective, and easily deployable isothermal 
amplification module using a minimalistic electronic circuit. This demonstrator, validated in an 
operational clinical environment, shows a feasible alternative to circumvent the economic and 
environmental constraints of molecular PoC devices.  

This presentation will include an overview of the learnings gathered over the last decade from interactions 
with industry, as well as an outlook towards the generation of portable healthcare technology that meet 
performance and economic requirements while considering the relationships between biophysical 
resource use and social outcomes. 

Keywords 

Healthcare sustainability, Point-of-care diagnostics, Ecodesign, Minimalistic electronics, Fit-to-purpose 
batteries  



228 Positioning of ISO 59014 in relation to international WEEE Management 
standards 

Heinz Böni1, Sonia Valdivia2, Mathias Schluep2 

1Ecopartner Ltd., Horgen&Uttwil, Switzerland. 2World Resources Forum Association, St. Gallen, 
Switzerland 

Abstract 

In May 2021, initiated as part of Swiss funded Sustainable Recycling Industries (SRI) program, the Joint 
ISO/TC 323 working group 14 started the development of the ISO 59014 standard “Sustainability and 
traceability of the recovery of secondary materials — Principles, requirements and guidance” as part of 
the series of circular economy standards of ISO. After a process of 3 years and 4 months, the standard 
was published on October 1, 2024. 

The standard builds upon the ISO International Workshop Agreement (IWA) Nr. 19 “Guidance principles 
for the sustainable management of secondary metals“ which was published in April 2017. For the first 
time in history, ISO included aspects of subsistence activities in both, ISO/IWA 19 as well as ISO 59014. 

In the context of the implementing ISO 59014, the question on dissemination and application of the 
standard arises. In an explorative study its was investigated in which areas the new standard could be 
applied and how it could be positioned in relation to existing international standards in WEEE 
management. The study covered the analysis of the three international WEEE standards mostly used: 
CEN 50625 series, R2 and e-steward 

The two main questions addressed in the study were: (a) How will the ISO 59014 standard complement 
the existing international WEEE standards or overlap with them? and (b) What benefits would companies 
have when they implementing the ISO 59014, if they already have certifications of one of the mentioned 
international WEEE standards? 

The main complementary elements of ISO 59014 compared to the international WEEE standards are in 
the area of responsibilities towards the supply chain and in dealing with partners in the subsistence 
sector. ISO 59014 follows a visionary approach for the return of secondary raw materials to into the value 
chain, which, is in line with the efforts at the European level, for example, with the Directive on corporate 
sustainability due diligence.  

In the presentation, the study results will be further elaborated. 
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Abstract 

Recent advances in science and technology, coupled with fast growth  in population   and global 
economy, have led to increased demand for copper-based products, which are essential for sustainable 
energy creation, security and supply. Chalcopyrite (CuFeS2), a key strategic copper mineral, is 
conventionally recovered from sulphide ores using a collector-mediated froth flotation process, reliant on 
its hydrophobicity enhancement [1]. Whilst xanthate collectors deployed in minerals industry are 
efficacious for copper sulphide ores flotation, they are also known to be harmful to humans and the 
environment, prompting the quest for eco-friendly and benign options like Moringa seed oil [2, 3]. In this 
study, the feasibility and efficacy of Moringa seed oil used as a green collector were investigated in 
isothermal, batch, froth flotation of chalcopyrite ore. To fill in the exant knowledge gap, the following 
research questions needed to be addressed: (i) What are the feasible process conditions conducive to 
using Moringa seed oil as  an alternative collector in the flotation of low- and high-grade chalcopyrite 
ores? (i) What are the effects of pulp pH, Moringa oil dosage,  and agitation rate on chalcopyrite flotation 
recovery and performance? (iii) What Moringa oil functional groups and mechanism were responsible for 
selectivity, enhanced hydrophobicity and flotation performance? 

 The influential role of selected flotation parameters such as oil dosage (0-8 mL/kg solid), agitation rate 
(600-1300 rpm) and pH (8-11) at constant air flowrate (6 L/min) on flotation performance was investigated 
and  the species responsible for enhanced hydrophobicity determined through FTIR and GC-MS 
analyses.  Overall, the results showed that moringa seed oil could be used as an effective green collector 
for the flotation of chalcopyrite from associated gangue minerals. Chalcopyrite recovery improved 
with  increasing Moringa oil dosage to a maximum beyond which the recovery plateaued. Furthermore, 
chalcopyrite recovery increased with increasing agitation rate but decreased at higher pH 
levels. Spectroscopic analysis confirmed the presence of Moringa oil’s fatty acid functional groups on the 
mineral surfaces. Specifically, adsorption of oleic acid, palmitic acid and stearic acid functional groups at 
the concentrate particles’ surfaces was indicated, impacting hydrophobicity favourably and hence, 
enhanced chalcopyrite flotation performance. The promising findings gleaned from this study 
demonstrate the efficacy of  eco-friendly, bio-degradable vegetable oil as a green collector for 
chalcopyrite. Furthermore, the results exemplifies the oil’s possible replacement of the toxic xanthate 
collectors, consistent with our sustainability engineering, process design, development and optimization 
goals. 
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Abstract 

Construction minerals such as sand, gravel, and limestone are the most extracted solid raw materials 
and account for most of the world’s anthropogenic mass, which as of 2020 outweighed all of Earth’s living 
biomass. While discussions surrounding mining for the energy transition often gravitate towards critical 
minerals, it is crucial to acknowledge that, in terms of volume, the predominant materials to be 
consumed are concrete, steel, and glass. However, comprehensive knowledge concerning the 
magnitude, geography, and profile of this widespread threat to biodiversity remains scarce and scattered. 
Combining long-term data from the IUCN Red List and new species descriptions we provide the first 
systematic evaluation of species threatened by mining of construction minerals globally. We found over a 
thousand species in the Red List impacted by this type of mining. We also identified over 200 new species 
descriptions in biodiversity hotspots reporting impacts from mining. Temporal trends in the assessments 
highlight the increased saliency of this threat to biodiversity. While rock quarrying mostly threatens karst 
biodiversity and narrow-ranged species, sand and gravel extraction is a more prominent threat to 
freshwater and coastal systems. This assessment provides the first evidence base to support a global 
strategy to limit the biodiversity impacts of construction mineral extraction. An 8-point strategy will be 
presented to close existing data gaps and reduce the impacts of construction minerals mining in 
biological systems. We believe these steps are critical to revert species loss in the context of increasing 
urbanization and infrastructure development and urge the adoption of specific actions in both national 
policies and the post-2020 biodiversity framework. 
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Abstract 

The BIORADAR project is a coordination and support research action focused on advancing sustainability 
in industrial bio-based systems. The project develops a comprehensive digital monitoring system based 
on Transition Indicators, which measure environmental sustainability, circularity, and social impacts. 
These indicators aim to foster alignment between bio-based industries, researchers, and policymakers, 
addressing global challenges such as the planetary crisis, resource scarcity, and social inequality. By 
providing standardized metrics, BIORADAR enhances transparency and supports informed decision-
making across key sectors, including fertilizer, packaging, and textiles. 

A key aspect of the BIORADAR project is the development of an Exploitation and Business Plan (EBP), 
which plays a pivotal role in ensuring the successful replication, scaling, and post-project commercial 
uptake of the developed products. The EBP provides a detailed cost-benefit analysis of adopting the 
BIORADAR digital monitoring system, which uses the Bio-based Systems Transition Indicators (BTI), 
within industrial bio-based systems in the fertilizer, packaging, and textile sectors. 

The EBP employs two primary methods: System Dynamics-Based Financial Simulations and a Custom 
GPT-Based Exploitation Assistant. The System Dynamics-Based Financial Simulations model the cost-
benefit dynamics of adopting the BIORADAR digital monitoring system in industrial bio-based systems. 
These simulations identify the most effective commercialization strategies by assessing different 
financial and operational scenarios, helping stakeholders make informed decisions about investments, 
scalability, and process optimization. The paper highlights how these strategies can drive the successful 
replication and scaling of the BIORADAR project’s innovations within the fertilizer, packaging, and textile 
sectors. 

Future research should focus on developing effective stakeholder engagement strategies to accelerate 
the adoption of the BIORADAR product. This includes addressing barriers such as technological 
readiness, cost, and awareness, and exploring approaches to overcome these challenges through 
targeted education, training, and communication efforts. Additionally, future studies should emphasize 
the sustainability and circularity benefits of the digital monitoring system, enabling stakeholders to better 
understand the financial and operational impacts of integrating the system into their processes and 
fostering greater adoption across industries. 
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Abstract 

For a well-functioning circular economy, recovered materials with a specific purpose, that have a market, 
and meet the legal requirements of products and are safe in the intended use for humans and the 
environment should have a product status. However, at EU level, end-of-waste (EoW) procedure has only 
been established for certain metals and cullet glass, and implementation at national level has slowed 
down. One potential solution is tacit EoW, supported in our opinion by articles 6(1) and 6(4) of the Waste 
Framework Directive (WFD), which can be understood as placing responsibility on economy operators 
with possible oversight by authorities. Such an interpretation is not currently accepted by the authorities 
in most European countries, where a formal “case by case” authorization is at least required (Hennebert 
2024), and a guideline from the European Commission is necessary. 

At EU level, four legal situations are in force: 

• Explicit EoW: metals, glass, and projects thereof: plastics, recovered aggregates; 
• Tacit EoW by regulation: construction materials (granular solids – Reg. 305/2011), fertilisers 

(biowaste compost, digestate, CMC – Reg. 1009/2019/EU); 
• Tacit EoW by production facilities: all products made of recycled material. For instance, a paper 

mill produces a product (paper) from a resource (bales of sorted paper) that is legally a waste; 
• Management of waste homothetic to a status of product by tacit EoW: backfilling 

At national level, the same legal situations are in force:  

• Explicit EoW and Projects of explicit EoW: miscellaneous, depending on the country; 
• Management of waste homothetic to a status of product by tacit EoW (examples for France): 

alternative construction materials [including municipal solid waste incineration bottom ashes, 
construction and demolition waste, foundry sands, and coal ashes] with specific guidance, solid 
recovered fuel (refuse-derived combustible) with specific combustion regime. 

Different cases will be presented at the Conference. In real life there is a continuum between waste and 
products and tacit EoW procedure exists already because it is an essential link of this continuum. It also 
greatly simplifies the transport of recovered material.  

This evident approach is supported by  

• The European Recycling Industries’ Confederation – EuRIC; 
• The European Sustainable Phosphorus Platform – ESPP; 
• Authors of the Joint Research Centre of the European Commission for instance for plastics (EC 

2024). 

This presentation pledges to make it a legal instrument for a beneficial simplification of the legal aspect of 
circular economy. 
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Abstract 

The Diffuse Irradiance Redirector for Efficient Concentration (DIRECT) project seeks to tackle significant 
challenges in adopting photovoltaic (PV) technology, such as space constraints, public acceptance, and 
sustainable end-of-life management (Netherlands Organisation for Scientific Research, 2023; Cano et al., 
2025). The integration of Free-Space Luminescent Solar Concentrator (FSLSC) technology within this 
framework optimally enhances energy yield by redirecting diffuse sunlight into collimated beams. 
Nevertheless, the sustainability of FSLSC technology throughout its entire life cycle may raise concerns 
regarding circularity, criticality, and social acceptance. 

This research aims to estimate circularity and criticality indicators for FSCL and PVs to identify hotspot 
materials and critical stages in the supply chain, proposing materials substitutes and end-of-life routes to 
promote environmental sustainability. To support this, various environmental impacts, such as carbon 
footprint and resource depletion, will be assessed. 

The Ellen MacArthur Foundation's Material Circularity Indicator (MCI) (Goddin et al., 2019) and the World 
Business Council for Sustainable Development's Circular Transition Indicators (CTI) are utilized to 
analyze circularity. The EU-CA method offers a quantitative and systematic evaluation by considering 
supply risk and economic significance to assess criticality (European Commission, 2023). The Social Life 
Cycle Assessment (S-LCA) is employed to evaluate the social and socio-economic impacts of products 
and services throughout their life cycle. 

Results reveal the material criticality risks linked to the DIRECT project and photovoltaic panel 
technology, as well as how circular economy strategies can alleviate them. Additionally, they examine 
how material supply risks (e.g., dependence on rare-earth elements) affect the scalability of FSLSCs, with 
recommendations for substitute materials. Regarding social evaluation, the results identify key social 
risks and benefits associated with the production, usage, and disposal of FSCL and PVs. The assessment 
of stakeholder perceptions and social acceptance of PV reflectors in the Netherlands clarifies the roles of 
trust, awareness, and societal engagement in their adoption. 
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Abstract 

Water and energy are essential resources to sustain human activities and wellbeing. Their reliable access 
has been exposed to the intensity of consumption from the extractive industry that has led to the 
degradation and depletion of local sources of supply, impacting availability and quality for other users. As 
mining operations are often located in remote and poorly connected territories, they usually require 
complementary development of water and energy services to sustain production. Remote communities 
surrounding mine sites tend to benefit from the mine’s water and energy infrastructure for their 
subsistence. Yet, since many jurisdictions require mining companies to close all service infrastructure as 
part of closure planning, mine closure can disrupt local access to services that compromise economic 
practices and opportunities, becoming a critical socio-economic challenge. 

Mine closure planning and regulations have historically focused on the physical and environmental 
impacts of mining operations, with limited attention to social and economic aspects, which are poorly 
understood. Specifically, gaps remain in understanding the impacts of mine closure on water and energy 
access and the consequences on development opportunities. While, in some cases, mining companies 
have developed solutions to mitigate water and energy impacts, strategies have often been isolated from 
local and regional planning for access to services. This isolated planning approach has led to ineffective 
solutions that lack alignment with supply and management needs to support development plans. The 
gaps identified raise the question of how can mine closure planning align with water and energy needs to 
support socio-economic development post-mine? Consequently, this research aims to explore strategies 
to address water and energy needs in territories facing mine closure.  

A comprehensive and collaborative method is proposed to assess water and energy challenges and 
opportunities from mine closure, including a multidimensional analysis of local needs and stakeholders' 
collaboration in the design and management of strategies. The multidimensional analysis of water and 
energy dynamics includes socio-economic, technical, environmental, and governance aspects. The 
collaborative design considers the participation of governments, companies, and communities to align 
solutions with social, economic, and environmental needs. The analysis identified opportunities to 
leverage the potential of circular economy initiatives by reusing mining infrastructure and designing 
shared-use infrastructure from the beginning of the project, which requires policy adjustments for 
effective implementation. Overall, this comprehensive and collaborative approach can enhance the 
sustainability of mine closure planning and the distribution of mining benefits while supporting reliable 
water and energy access in mining territories. 
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Abstract 

Conveyor belts are essential components in diverse industrial sectors, yet their end-of-life (EoL) 
management presents significant environmental challenges due to their complex, multi-material 
construction—typically combining polyvinyl chloride (PVC), polyurethane (PU), textiles, and steel 
reinforcements.  

We have reviewed 24 repurposing alternatives and multiple recycling pathways for PVC and PU, using a 
dual methodological approach: (1) a product-based analysis focusing on the entire belt, and (2) a 
material-based assessment exploring treatment options for individual polymer types. Repurposing 
applications—such as livestock matting, gym flooring, equestrian surfaces, and dock bumpers—were 
characterised by low technical complexity, high reuse potential, and alignment with emerging 
sustainability markets. These findings support previous evidence highlighting repurposing as a low-barrier 
circular strategy for complex composites (Sarpong et al., 2024). Mechanical recycling was identified as 
the most viable recycling route, especially for clean, uncontaminated materials, consistent with 
European Commission guidance promoting mechanical over chemical routes for plastic waste 
(Lewandowski & Skórczewska, 2022). In contrast, chemical and thermochemical processes (e.g., 
pyrolysis, glycolysis) were found to face substantial technical and regulatory barriers due to emissions, 
process complexity, and hazardous by-products (Lu et al., 2023). 

The research concludes that repurposing presents immediate and scalable circular economy 
opportunities, while mechanical recycling can complement these efforts with further investment. Further 
technical validation, market analysis, and strategic partnerships are recommended for implementation. 
This work contributes to the broader discourse on circular strategies for polymeric composites and 
illustrates how small and medium enterprises can play a central role in transitioning to more sustainable 
material use. 
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Abstract 

The healthcare sector, which accounted for 4.6% of global greenhouse  gas emissions in 2019 [1], is a growing 
environmental concern. The increasing use of single-use medical devices and the growing use of digital 
technologies in the sector exacerbates the associated environmental impacts. This scoping review examines 
the applicability of circularity indicators for electronic medical devices, identifying the need to improve 
resource efficiency within digital medical technologies. 

The transition to a circular economy becomes a leading strategy to reduce the environmental impacts by 
enabling sustainable practices along a medical device’s value chain. Circularity indicators are fundamental to 
guide actors monitoring this transition, however, there is a lack of research on circularity indicators specifically 
focusing on electronic medical devices. 

Based on existing literature, the study aims to propose suitable circular indicators for assessing the level of 
circularity of electronic medical devices by exploring literature, categorizing the indicators based on their 
relevance to measure circular economy, and suggesting criteria for their selection and applicability within 
specific product groups of the medical sector. A comprehensive literature review was conducted which 
resulted in the selection of 17 relevant documents that fed in the analysis, revealing a limited availability in the 
literature of circularity indicators specifically tailored for electronic medical devices. 

Findings of this study highlight gaps and challenges to monitor the circular economy in the medical device’s 
sector, accentuating the need for the development of sector- and product-specific performance measurement 
tools. This review, therefore, provides a foundation for assessing circularity in electronic medical devices, and 
future research as well as practical applications in the sector. 
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