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List of key terms

Circular Economy (CE): Refers to an economic system where 
waste and pollution are designed out, and resources are kept 
in use for as long as possible.
Closed-loop system (CLS): Refers to a system in which 
unused or recaptured value is reused for the same or similar 
business purposes.
Carbon capture, utilisation and storage (CCUS) refers to a 
suite of technologies that can play an important and diverse 
role in meeting global energy and climate goals. CCUS 
involves the capture of CO2 from large point sources, 
including power generation or industrial facilities that use 
either fossil fuels or biomass for fuel.
Electric arc furnace (EAF): Refers to specialised furnaces 
used to heat scrap metal to produce steel, using an electric 
current to create an arc between the scrap and the furnace 
lining. The high temperatures generated by the arc melt the 
scrap, which is then poured into a ladle to be cast into ingots.
Electrolysis: Refers to the process of decomposing water into 
oxygen and hydrogen by passing an electric current through 
it. The hydrogen can then be used as a fuel in a metal 
manufacturing process.
Electrodeposition: In this report, refers to a process that 
involves depositing a thin layer of sensor material onto the 
metal surface using an electric current. The sensors can then 
be wired together and connected to a data logger or other 
device for monitoring and data collection.
Ecosystem: Refers to a network of organisations and 
individuals that interact with each other to create value.
Life cycle data (LCD): Refers to information about a product 
or material from its creation to its disposal. This includes data 
on the raw secondary materials used to create the product, 
data on the manufacturing process, data on the use and 
disposal of the product, and data on the recycling or reuse of 
the product. In the context of CE, life cycle data can be used 
to assess the environmental impact of a product or material 
throughout its entire life cycle. This information can then be 
used to improve the design of products and materials to 

reduce their environmental impact.
Net-zero emission: Refers to a situation where the total 
amount of greenhouse gas emissions released into the 
atmosphere is balanced by the amount that is removed. This 
can be achieved through a variety of means, including 
planting trees, which absorb carbon dioxide from the 
atmosphere, and using technology to capture and store 
carbon dioxide emissions.
Open-loop system: Refers to a system in which the value 
created by one business is reused by other businesses to 
generate new value.
Original equipment manufacturer (OEM): Refers to a 
company that produces parts and equipment that may be 
marketed by another manufacturer.
Product Life Cycle: Refers to a series of stages that a product 
goes through during its lifetime. The cycle begins when a 
product is first introduced and ends when the product is 
recycled. Between the first and final life cycles, a product may 
undergo multiple life cycles in which it is reused, refurbished, 
or remanufactured.
Product lifetime Refers to the length of time that a product 
remains on the market across several product life cycles.
Pure metal flow: Refers to a notion in which the metal flow is 
optimised to such an extent that the materials remain pure 
even after multiple recycling cycles. This process is also 
known as Industrial Upcycling.
Small and Medium Enterprise (SME): Refers to businesses 
that employ fewer than 500 people. These businesses make 
up the vast majority of businesses in the UK and play a vital 
role in economic development.
Snapshot from the future: Refers to a brief glimpse of what 
the future may hold, it is based on current trends and future 
projections. It is a way of seeing the future through the lens of 
the present, and can be used to help decision makers plan for 
the future.
United Kingdom (UK): Refers to the country that this report 
is built on. All the visions and snapshots from the future are 
implemented for this country and may or may not apply to 
other countries. 



Foreword by Baroness 
Brown of Cambridge

The UK has a long history of steel and 
aluminium production. These essential 
materials are used extensively in 
buildings, cars, machines, packaging, and 
other commodities on which society and 
economic growth rely. This reliance 
comes at a cost to the environment. 
Steel and aluminium production is one of 
the world's largest industrial sources of 
carbon dioxide emissions, driven largely 
by the energy required to produce the 
metal and subsequent downstream 
processing. In June 2019, the UK 
Government legislated to reduce 
greenhouse gas emissions to zero by 
2050. To achieve this goal, we need a 
radical rethink of our linear ‘take, make, 
dispose’ relationship with the products 
made from steel and aluminium. We need 
to develop a more circular relationship, in 
which products are maintained in their 
highest possible 
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value state, through reuse, repair and 
remanufacture, with recycling only as the 
option of last resort.

Full ‘metal circularity’ by 2050 is an 
important way in which the UK metals 
industry could support the UK in meeting 
the Net Zero goal. It is a bold ambition, 
requiring the metals and manufacturing 
industries to work together. Whilst the 
goal may be common, there are different 
routes by which it can be achieved. This 
report brings together insights from over 
30 experts across the metals industry 
and circular economy, to create 12 
compelling visions of the bold steps 
industry could take towards full metal 
circularity by 2050. These visions 
provide a direction with which those in 
the metals and manufacturing sectors 
can align, enabling collaboration to 
overcome the technical, social, 
economic, and environmental challenges 
and turn visions into reality.

Achieving full metal circularity is a 

journey. To take the first steps, we need 
to know where we are heading. This 
report provides the direction. Addressing 
climate change cannot wait; it is time to 
start.

The Baroness Brown of Cambridge
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 the country. 

2. Reduced environmental impact: A CME would 
result in a reduction in the environmental impact of 
metal production as reuse and recycling require less 
energy and produce fewer emissions than mining 
and refining new metal. 

3. Improved economic security and resilience: A 
CME would generate value through maximising 
resource utilisation. This involves the provision of 
superior, specialised, and tailored goods and 
services. This can generate more employment 
opportunities due to the increasing demand for 
service workers.

4. Improved resource efficiency: A CME would 
optimise the utilisation of what already exists 
through improved resource flow design and 
management. This would eliminate the need to mine 
new metals, reducing greenhouse gas emissions and 
other negative environmental impacts.

5. Boost innovation through cooperation: A CME 
would create joint ownership, and spread the 
investment risks over a larger group of actors. This 
would facilitate innovation and knowledge sharing 
across social and professional networks.

All these benefits are highlighted throughout the 12 
visions:

NET ZERO EMISSION METAL PRODUCTION: In 
2050, all processes related to metal production will 
release no greenhouse emissions. This has been 
made possible by advances in renewable energy, 
energy storage, and process efficiency. 

Executive summary

This progress report has been produced as part of 
Work Package 3 ‘Circular Business’ of the UKRI 
Interdisciplinary Centre for Circular Metals. Its main 
goal is to propose preferable future visions for the 
circularity of steel and aluminium (from now on, 
referred to as metals) in the UK by 2050. This 
progress report outlines 12 visions of how the UK 
may move to a more sustainable and effective 
circular metal economy (CME). Each vision includes 
distinct ‘snapshots from the future’ that exemplify 
how the vision might look like in practice. In addition, 
each vision is accompanied by a set of barriers and 
opportunities that might respectively hinder and 
support the vision.

A CME is one in which reuse, repair, refurbishing, and 
remanufacturing are prioritised over the recycling of 
metals. Metal recycling is essential for recovering 
the value of metals in a CME, but it should not be the 
primary focus. Instead, products and materials 
should be designed so that they can be reused with 
minimal value loss and without generating 
hazardous emissions. The 12 visions presented in this 
progress report are based on research involving a 
wide range of stakeholders, including businesses, 
governmental organisations, NGOs, policymakers, 
and scholars from several academic fields. 

A CME would result in a number of benefits for the 
UK, including:

1. Reduced reliance on imported metals: A CME 
would mean that the UK would need to import less 
metal from other countries, as it would be able to 
reuse and eventually recycle the metals available in

CIRCULAR ALLOYS AND MANUFACTURING: In 
2050, the UK has one of the most efficient metal 
closed loop systems worldwide. This has been made 
feasible by the implementation of rationalisation of 
usable alloys regulations, a new generation of more 
“circular” alloys, innovative fabrication processes, 
and improved metal application. Technology 
innovation has also been critical in improving 
efficiency and productivity compared to the past.

DISTRIBUTED METAL MANUFACTURING: In 2050, 
the UK has a CE in which factories are more diverse 
and distributed than those of the past. Numerous 
small and medium-sized businesses manufacture, 
repair, and distribute their goods in both urban and 
rural locations. These new local economies are 
supported by Fablabs and smart manufacturing 
systems, which provide innovative and tailored 
services for their customers.
 
END-TO-END SUPPLY CHAIN: With the use of 
intelligent assets, the circular supply chain has 
radically altered the traditional constrained and silos 
system. The modern end-to-end supply chain 
encompasses all the aspects of a product lifetime. 
This is a fully integrated and automated system that 
allows for real-time monitoring and execution of all 
supply chain processes.

METAL AS A SERVICE: In 2050, the UK is a world 
leader in providing metal solutions as a service. The 
government has a ‘Department for Metal Services’ 
that leases metal molecules from metals and mining 
corporations to UK materials industries. Businesses 
have adopted different business models such as 
offering metal components and products 
as-a-service. Product sharing has become widely 
adopted by businesses, particularly for B2C, due to 
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tracking technologies and product automation.

METAL LIFE CYCLE DATA: In the 2020s, the UK 
government built an open metal data infrastructure 
to make data available to companies along the 
supply chain in order to maximise metals' circularity. 
This was made possible by the spread of 
asset-monitoring technologies such as digital 
passports on Metal Blockchain. These technologies 
have increased openness and data transparency 
among all stakeholders.

FULL METAL PACKAGING: Metal packaging is 
recognised as an excellent material for preserving 
food quality and prolonging shelf life. Today, the 
majority of packaging is intended to be reused 
numerous times before being recycled. In this new 
paradigm, companies and/or customers keep 
ownership of and responsibility for the packaging life 
cycle.

STOP RECYCLING START REPAIRING: Today's 
economy is built on the principle of repair. 
Specialised companies provide new services for the 
maintenance/repair of metal products and 
components, such as the Metal Health Service 
(MHS). This includes services such as component 
rejuvenation, structure rejuvenation and ‘metal day 
hospital’. Due to research and technology, metals are 
more durable and can self-heal cracks and extend 
their life.

REPAIR-IT-YOURSELF (RIY): People nowadays own 
fewer but higher-quality products. Reuse and repair 
have replaced the throwaway culture. Thanks to 
courses provided in schools, maintaining and 
repairing products have become common 
knowledge. People can also learn and share 
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practices in repair community centres. In addition 
repair kits and new technologies are available to 
enable users and small entrepreneurs to repair 
products. 

THE LOGIC OF SUFFICIENCY: In 2050, individuals 
are more aware of the ethical implications of 
overconsumption and embrace a more sustainable 
attitude. Owning fewer and higher-quality products 
saves material usage and can be passed down 
generations. The trend towards sustainable 
consumption is being pushed by initiatives such as 
MyMetal, which limits the amount of metal any 
individual can own, and open libraries of things, 
which let users borrow items instead of buying them.

REUSING, REMANUFACTURING, AND 
REPURPOSING: In 2050, the UK is a world leader in 
reusing, remanufacturing, and repurposing products. 
The UK government has supported a radical shift in 
pace, encouraging the reuse of goods rather than the 
production of raw resources through a vast 
infrastructure adjustment. Consumers are educated 
on the benefits of buying products that are made to 
last or be repurposed.

BETTER METAL RECOVERY, SORTING, UPCYCLING 
AND RECYCLING: The reuse of products, 
components, and materials lies at the heart of 
today's most successful businesses. Open or closed 
distributed disassembly are common and 
cost-effective industrial practices used by most 
businesses to disassemble components to be reused. 
Recovery of all kinds of valuable material resources 
becomes essential if the product itself and its 
components cannot be reused. Industrial upcycling, 
smart waste management systems and landfill 
scavenging are only some of the many ways material

value is recovered.



Introduction to the circular 
economy 

The concept of circular economy (CE) has been 
gaining traction in recent years as a more 
sustainable alternative to the traditional linear 
economy (EMF, 2013; Patwa et al., 2021). In the linear 
economy, we take raw materials from the earth, 
make products from them, use them for a period of 
time, and then dispose of them when they are no 
longer useful. This ‘take, make, dispose’ model is not 
sustainable in the long term, as it relies on a 
constant supply of new raw materials and generates 
waste. A CE is an alternative to a traditional linear 
economy in which we keep resources in use for as 
long as possible, extract the maximum value from 
them whilst in use, then recover and regenerate 
products and materials at the end of each service 
life. Achieving a CE will require a fundamental 
re-think of how we design, make, use and reuse 
products and materials. It will require us to move 
away from the ‘take, make, dispose’ linear model of 
production and consumption, which is currently the 
norm, to a more sustainable ‘closed-loop’ system in 
which we keep materials and products in use for as 
long as possible, then recover and regenerate them 
at the end of each life cycle. There are many benefits 
to moving to a CE, including reducing environmental 
impacts, creating jobs and boosting the economy. A 
CE is also more resilient to shocks, such as resource 
shortages and economic downturns (Stahel, 2016).
 
Circular metal economy in the UK

Metals are a valuable resource that can last for very 
long periods of time, can be reused and recycled 
indefinitely, and are utilised by a wide range of  

industries (Cullen et al., 2013). CE may be able to 
help assure long-term use of steel and aluminium, 
two critical commodities for the UK economy. 
However, transitioning to a circular metal economy 
(CME) isn't easy. Industrial recycling is still the 
primary focus of most metal-related circularity 
approaches today, with a heavy emphasis on 
logistics and the technical and thermodynamic limits 
of metals recycling (Dominish et al., 2018). The 
recycling process is also energy-intensive because it 
requires energy to collect, sort, and process the 
materials. While recycling is crucial to recover the 
value of the materials, this shouldn't be the main 
focus of a CME. 
Some of the main evidences brought through this 
progress report are that servitisation, reuse, repair, 
refurbishing and remanufacturing should be the 
main focus of the CE for the future, thus, replacing 
the idea of a CE based only on recycling with one 
based on extending the life of products (e.g. through 
better design, manufacturing, distribution, sales and 
maintenance) and reducing the amount of products 
(e.g. by sharing or servitising products). 
Clearly, this demands structural and systemic 
changes that involve not only the metal industry, but 
all stakeholders, including manufacturers, retailers, 
logistic providers, citizens, governmental 
organisations and NGOs. This is why this research 
focuses on a long-term vision for the CME in line with 
the UK’s ambitious zero net targets for 2050.

Visions for 2050

Looking to the future, what will the CME of 2050 
look like? What are the key drivers of change that will 
shape the CME of the future? What are the 
challenges and opportunities that will need to be 
addressed? What are the possible pathways that

could be taken to achieve a CME? This progress 
report gives insights into these questions based on 
an in-depth investigation using a number of research 
methods better explained in the next paragraph. 
This progress report aims at stimulating a 
conversation on how a future metal CE would look, 
and how various socio-economic stakeholders can 
act now to move towards that vision. This will allow 
them to better understand the transitional potential 
and adjust the standpoint to accommodate a new 
modus operandi. Having such a standpoint is a 
privileged position to anticipate, redirect and take 
the lead in the transition. Visions presented in this 
study, however, are not meant to be taken literally 
but as understandable and appealing alternatives 
that can inspire more creative solutions. When 
reading this progress report, readers need to be 
prepared to question even our findings and look for 
different or even better answers.
 
Types of futures

There are several ways to categorise thoughts about 
the future, and one of the most useful is the Future 
Cones (see Figure 1). Hancock, et al., (1993) 
described four futures as wider and narrower cones:

● A possible future describes all kinds of 
possible futures. They are often used in 
planning and decision-making to define 
dystopian futures that are sometimes far from 
reality. These can help in identifying and even 
preparing for future unforeseen events.

● A plausible future is a future scenario that is 
based on a logical and coherent extrapolation 
of current trends. It is one possible outcome of 
the future and is used as a tool for exploring
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Possible 
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Future
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Today 2050

the implications of different decisions. 
Plausible futures are not predictions, but rather 
a way of thinking about the future that allows 
for different possibilities.

● A probable future is a potential future that is 
likely to occur, based on current knowledge 
and trends. Probable futures are used in future 
studies to explore different possible outcomes 
of current trends and to develop plans and 
strategies for dealing with them. 

● A preferable future is a tool used in future 
studies to help individuals, groups, and 
organisations articulate their desired future 
state. It is a process that helps people identify 
and describe their ideal future, and then 
develop a plan to achieve it. This process can 
be used to develop long-term plans, short-term 
goals, or both.

Figure 1. Future cones (readapted from Hancock, et al., 1993). 

Research approach

Futures research is an approach that can be used to 
anticipate future trends and developments, and to 
make decisions in the present that will shape the 
future. It is based on the understanding that the 
future is not predetermined, but is shaped by the 
decisions we make today. For the purpose of this 
study, we adopted a ‘preferable future’ approach to 
envision how a CME in the UK would look in 2050. 
This is encapsulated in the depiction of a scenario, a 
set of visions and a set of ‘snapshots from the future’. 
In more detail:

● A scenario describes a preferred future 
situation, such as how full metal circulation can 
be reached by 2050. A scenario may contain 
multiple visions. Visions are more elaborate but 
short descriptions of a desired future. Visions 
answer the basic question: "What would the 
world be like if...?", and does so by proposing a 
short story of a desired future state. In the 
CircularMetal project we developed multiple 
visions which could be related to specific parts 
of the metal value chain and/or technologies 
and/or business models. 

● A vision can be exemplified with a set of 
snapshots from the future, and multiple visions 
may be used to articulate a scenario. 

● A snapshot from the future is the most 
specific component of a vision and can provide 
‘depth’ and ‘substance’ to it. It answers the 
basic question: "How would the vision look in 
practice?". And it does so by providing 
practical and visual examples of the 
implications that a certain vision could have on 
our lives.  

Snapshot 
from 
the future

Vision

Scenario

Figure 2. This illustration shows how these different future descriptions 
used in this study are related to each other.

The research approach we adopted is visualised in 
Figure 4 and summarised in seven phases as follows:

1.   We interviewed 30 experts from academia, 
business, and government, whose experience 
ranged from metallurgy, metal manufacturing, and 
product development to policymaking, logistics, 
and others. This was intended to define the initial 
singular visions of each expert or organisation 
interviewed. 

2.  We analysed the collected data and identified and 
clustered common themes and areas of 
agreement and disagreement among the experts. 

3.  Building upon the identified themes we then 
identified a first set of eight visions and 36 
‘snapshots from the future’.



4.  On the basis of this initial set of visions, we held an 
internal workshop with eight academics from 
various fields. The aim was to discuss the findings 
of the interview data synthesis and validate/refine 
identified visions and ‘snapshots from the future’, 
and develop new ones. This resulted in a set of 12 
visions and 64 snapshots.

5.  Following the internal workshop, we conducted an 
initial survey with 25 experts in order to 
validate/refine the results, which were then better 
redefined through a co-design workshop (step 6).

6.  The co-design workshop took place online and 
lasted three hours. Experts were divided into four 
groups, each of them focusing on three visions. In 
the first part of the workshop, participants had the 
opportunity to critically assess the visions and 
propose changes. In the second part participants 
worked on defining, for each vision, barriers and 
opportunities against five lenses (social, 
technological, ecological, economic and political, 
see Figure 3). By looking at the future through 
multiple lenses, we were able to identify potential 
problems and opportunities that we may not have 
considered otherwise. In the last part of the 
workshop, each group presented their findings 
followed by a plenary discussion. 

Figure 3. An illustration of the five lenses used during the co-design 
workshop do define barriers and opportunities.

Figure 3. An illustration of the five lenses used during the co-design 
workshop do define barriers and opportunities

Social Ecol Econo PoliticTech
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7.   After the workshop we analysed its outcomes and 
the video recordings of each session. This enabled 
us to refine the visions and snapshots (e.g. some 
visions were better articulated, some snapshots 
were integrated/removed) and identify barriers 
and opportunities for each vision. Barriers and 
opportunities were also explored through a 
literature review, to enhance and complement the 
workshop outcomes. 



!

PHASE 1 
Semi-structured 
interviews with 
30 leading 
experts from 
industries and 
academia on the 
future of the 
circular metal 
economy.

PHASE 2
The interview 
data has been 
broken down into 
smaller, more 
manageable 
topics in order to 
identify patterns 
and trends.

PHASE 3
The main topics 
were narratively 
characterised in 
visions, and 
subtopics have 
been organised 
and narratively 
and visually 
characterised 
inside each vision 
to create the first 
cohesive output 
(8 Visions + 36 
Snapshots).

PHASE 4
Internal 
workshop with 
eight academics 
from various 
fields to generate 
creatively related 
and novel future 
visions and 
snapshots.

PHASE 5
The data from the 
internal workshop 
was reorganised 
in conformity with 
the prior 
organisation of 
future visions and 
snapshots (12 
Visions + 64 
Snapshots).

PHASE 6
A 25-expert 
online survey was 
conducted to 
validate and 
provide 
significant 
insights for 
visions and 
snapshots.

PHASE 7
A three-hour 
co-design session 
with 29 experts 
from various 
disciplines to 
implement and 
validate visions 
and snapshots.

Figure 4. A visualisation of the main research phases of this study.
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Today, in 2050, the UK is at the forefront 
of a global shift towards a net zero and 
circular economy. The current economy 
is regenerative, resilient and local and 
the recovery, reuse, sorting and 
recycling of products takes place almost 
entirely within the UK. Net zero metal 
production is no longer a Utopian dream, 
thanks to significant investments in both 
renewable energy transition and 
manufacturing infrastructure. For 
enterprises, closing the metal flow has 
never been more profitable due to the 
widespread use of circular alloys. This, 
however, would not have been 
achievable without a shift towards 
circular businesses, supply chains, and 
designs. Businesses have made a 
significant change, shifting from selling 
metal materials, components and 
products to selling metal as a service, 
becoming in this way responsible for 
their products' entire cycle. This wasn't 
straightforward, but major technological 
improvements and the utilisation of data 
applied to the metal life cycle made it 
possible. This boosted distributed metal 
manufacturing as well as an end-to-end 
supply chain. Superior product design 
and cutting-edge technology have made

PREFERABLE VISIONS:

● Net zero emission metal production

● Circular Alloys and Manufacturing

● Distributed metal manufacturing
 

● End-to-end supply chain

● Metal as a service

● Metal life cycle data

● Full Metal Packaging

● Stop Recycling Start Repairing

● Repair-it-yourself (RIY)

● The logic of sufficiency

● Better metal recovery, sorting, 
upcycling and recycling

● Reusing, remanufacturing, 
and repurposing

14SCENARIO

The UK’s circular metal economy in 
2050

industrial and self-repairing a thriving 
industry. In addition, changes to 
consumption habits have led to 
widespread sufficiency, with people 
aiming at reducing their overall 
consumption levels by owning fewer and 
higher quality products and reducing 
product ownership towards a 
consumption based on more access and 
sharing.



●School-based repair 
courses

●Repair Community 
Centres

●RIY- Repair digital 
platforms

●RIY- First-aid repair 
kit

●RIY- Repairs 
technologies

PRIMARY  MATERIAL 
EXTRACTION AND 

OPERATIONS

METAL PRODUCTION AND 
PROCESSING

MANUFACTURING OF 
FINISHED PRODUCTS

PACKAGING AND 
DISTRIBUTION

PRODUCT AND 
SERVICE USE

MAINTENANCE, REPAIR 
AND UPGRADE  SERVICES

STORAGE AND 
FORWARDING 

DISPOSAL, COLLECTION, 
SORTING 

AND RECOVERY

Behavioural / Social 
change

Technological change

●Open distributed 
demanufacturing 

●Closed distributed 
demanufacturing 

●Disassembling pods
●Industrial upcycling
●Urban Mining
●Smart waste 

management system
●Landfill scavenging 

●Micro mobile foundry 
and upcycling 
workspaces

●CO2 capture and reuse
●Industrial Symbiosis
●Green Energy Metal Making
●Hydrogen-powered metal 

manufacturing

●Packaging deposit 
schemes

●Milkman model
●Refilling station
●Reusable packaging 

on-the-go
●Reverse vending 

schemes

●Pure metal

● Resilient local 
economies

●Fablabs for metal products 
and components

●Distributed additive 
manufacturing services

●Mobile additive 
manufacturing repair labs

●Local fixing delivery

●Make To 
Order/On-Demand

●The renaissance of 
second hand markets

●Remanufacturing and 
refurbishment services 
become core offerings

●Cascade Reusing 

●Open Library of 
Things

●Multigenerational products
●Emotional attachment
●MyMetal

●Metals Molecules As Service

●Social bubble collaborative 
economy

●Metal components as a service
●Metal products as a service (B2B 

and B2C)
●Metal products shared

●MHS - Components 
rejuvenation

●MHS - Structure 
rejuvenation

●MHS - Metal day hospital
●Self-healing metal

STOP RECYCLING 
START REPAIRING

THE LOGIC OF 
SUFFICIENCYFULL METAL 

PACKAGING

BETTER METAL RECOVERY, 
SORTING, UPCYCLING AND 
RECYCLING

REPAIR-IT-YOURSELF 
(RIY)

DISTRIBUTED 
MANUFACTURING 

METAL LIFE 
CYCLE DATA

REUSING, 
REMANUFACTURING, 
AND REPURPOSING

● Digital passport on blockchain
●Remote maintenance and 

repairing with digital twins
●Components and materials 

banks
●Autonomous marketplace of 

components
●Autonomous household 

product
●Nano-sensors embedded in 

metals to gather life-cycle 
data

●Open-government 
metal data for the 
metal sector

●Rationalisation of alloy grades and use
●Closed metal loops enabled  by multi-principal elements 

alloys
●Metal nanomanufacturing for multipurpose alloys
●AI-driven metal material optimisation
●Self-disassembly metal components
●Zero Defect: Computer vision to predict quality defects

END-TO-END 
SUPPLY CHAIN

METAL AS 
A SERVICE

CIRCULAR ALLOYS

●Supply chain 
sustainability 
reporting

●Service oriented 
supply chain

●Intelligent 
inventory 
management

●Buildings and structural components 
as a service

SUPPLY CHAIN

TYPE OF CHANGE SNAPSHOT FROM 
THE FUTURE

●Micro repair 
entrepreneurs

●Deliveries 
Once a Week

NET ZERO EMISSION 
METAL PRODUCTION

VISION

Circular metal economy polarity diagram

On the vertical axis of the polarity diagram are the polarities 
of behavioural / social change and technological change. 
While on the horizontal axis, all phases of the metal chain are 
displayed. It is evident from this graphic that the predominant 
technology is essential for the accomplishment of the CE

throughout the whole supply chain. In the phases of 
distribution, service, maintenance, and value recovery, 
behavioural modification is of particular relevance.



In 2050, the UK's metal production has 
shifted to net zero emissions. This means 
that all processes related to metal 
production, from recycling to smelting to 
manufacturing, have been redesigned to 
release no greenhouse emissions. This 
has been made possible by a 
combination of advances in renewable 
energy, energy storage, and process 
efficiency.
The majority of the UK's electric arc 
furnaces (EAFs) are now placed near 
by or within large, solar-powered 
factories and wind farms. This has made 
metal production much cleaner and more 
efficient than in the past.
Renewable energy sources are also used 
to generate the hydrogen to power 
EAFs. Hydrogen-oxygen fuel cells are 
used to power EAFs by supplying the 
electrical energy needed to operate the 
furnace. This has led to a cleaner and 
more efficient process, as well as a 
reduction in emissions. The process is 
now so efficient that it is able to produce 
large quantities of metal without almost 
any negative environmental impact. This 
is due also to the carbon capture, 
utilisation and storage (CCUS)
 technologies that allow capture and 

SNAPSHOTS FROM THE FUTURE:

1. Green Energy Metal Making

2. Hydrogen-powered metal 
manufacturing

3. CO2 capture and reuse

4. Industrial Symbiosis

either reuse or storage of carbon dioxide 
from metal manufacturing.
Furthermore, today the UK's metal 
system is one of the world's most 
advanced industrial symbiotic 
networks, which allows businesses to 
pool resources and knowledge to 
maximise waste product reuse, reduce 
waste sent to landfill, and decrease the 
carbon footprint of the steel sector. This 
shift to net zero emissions has had a 
major impact on the UK's economy. 
Metal production is now one of the most 
important industries in the UK, and it is 
responsible for thousands of jobs. The 
shift to cleaner production has also 
helped to reduce global warming, as 
metal production was one of the biggest 
sources of greenhouse gas emissions.

“I believe that 
no single 

business can 
deliver a 
circular 

economy on 
its own; 

looking at a 
systems 

approach and 
working 

together is a 
must.” 

Expert n. 51
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Net-zero emission metal production



Barriers to the vision Opportunities and enablers 
for the vision

Lenses of analysis

TECHNOLOGICALReliance on yet-to-be-developed technologies for 
decarbonisation - The decarbonisation of the 
metallurgical industry is based on technologies that 
are still in their infancy (hydrogen, green energy, 
CCUS);

Ensure a sustainable technology development - 
Investment in sustainable technology advancements 
enabled by pioneering UK research and innovation, 
as well as worldwide collaboration, is critical (HM 
Government, 2021).

POLITICALRegulatory inconsistency across nations - Metal 
industrial decarbonisation aspirations should be 
shared across many countries to avoid unfair market 
competition.

Stimulating clean development mechanisms 
(CDMs) - Encourage environmental goals in the UK 
and internationally by diverting funds from primary 
extraction and processing to secondary metals 
production and processing, particularly in developing 
countries (OECD, 2018). 

POLITICALShaping metal green future requires carbon 
investment - Significant upfront carbon investment 
necessary today to build new infrastructure for 
supposedly net zero steel later.

Defining the metal adaptation pathway for the UK 
- Government policy, procurement procedures, and 
investment decisions should be based on a 
quantitative and/or qualitative examination of the 
possible carbon footprint and associated trade-offs 
referred to as adaptation pathways (IPCC, 2018: 
Annex I ).                                                

ECOLOGICALWith current infrastructure, decarbonisation is 
challenging - In order to attain net zero emissions, 
infrastructure systems – such as transportation, 
production or energy transition equipment – should 
be circular and decarbonised as well. 

Government support for a fully decarbonised 
infrastructure - The government should invest in 
clean metal manufacturing infrastructure (e.g. EAFs) 
and associated supply chain aspects to put the UK 
on a path to net zero emissions. To speed technical 
innovation, collaboration and networking must be 
strengthened.  

Closures of metal industries affect jobs and 
society - Workforce disruption and societal 
consequences as a result of the shutdown of metal 
industries.

Create job opportunities - Promote the reallocation 
of employment between sectors through new policy 
initiatives that avoid skills mismatches and other 
adjustment problems (OECD, 2019).

SOCIAL

ECONOMICSCost and risk associated with transition 
investments - Developing new infrastructure, such 
as a hydrogen-powered metal manufacturing, would 
be expensive, and its viability hasn't been 
extensively examined.

Highlight the potentialities of the transition - 
Investing in low-carbon metal production requires a 
good business case and policies that include global 
competition. Funding and supporting political 
settings are required to make this happen (Mission 
Possible Partnership, 2021).
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Steel plants powered 
by solar farms

Steel plants powered 
by wind power plant 

In the last three decades, the UK has 
achieved significant advancements in 
green energy. Wind, solar and 
geothermal power now account for the 
majority of the country's electricity 
production. Metal manufacturing is a 
thriving industry, and the switch to green 
energy has changed the way metals are 
produced. The majority of metal 
companies have switched to EAFs 
powered by renewable energy. These 
furnaces are far more efficient and emit 
far less pollution than traditional 
furnaces. Metals are being manufactured 
in massive EAF agglomerated with solar- 
and wind powered farms. Batteries are 
used to store extra electricity generated 
during the day for usage at night or in 
adverse weather.

Green energy metal making

With the multi-level cooperation between 
government and the metal industry, it has been 
feasible to considerably improve infrastructure for a 
net zero metal production. Indeed, wind and solar 
farms located nearby provide all of the electricity 
needed for the steel and aluminium industries.



100% Renewable 
hydrogen from 
renewable electricity

Today, hydrogen is the most widely used 
energy source in metal manufacturing. 
Electrolysis is used to separate water 
molecules into hydrogen and oxygen. 
The hydrogen is then used to power the 
metal manufacturing process, which is 
more sustainable and drastically reduces 
greenhouse gas emissions. Additionally, 
it is more efficient because it is very 
inexpensive, easier to store and 
transport, and uses far less energy to 
produce the same amount of metal. This 
ground-breaking technology has been 
widely adopted by industry, transforming 
the UK into a world leader in green metal 
production.

Hydrogen-powered metal 
manufacturing

Innovation in green metal production from renewable 
sources has never stopped since the successful 
launch of the first pilot project in Sweden in 2020. 
Nowadays, all metal production facilities in the UK 
utilise hydrogen, which is powered by renewable 
energy, reducing greenhouse gas emissions by 
80-95 percent.

IMAGES
Image 1: link
Image 2: link

Hydrogen-powered metal 
manufacturing is more 
efficient than traditional 
metal manufacturing 
because it uses less 
energy to produce the 
same amount of metal. 
Hydrogen-powered metal 
manufacturing also 
produces less pollution 
and waste, and it is safer 
for workers.
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CO2 capture plant

Almost all of the carbon dioxide 
produced by electric arc furnaces is now 
caught and either reused in chemical or 
industrial applications or stored in rocks 
under the ground. This has enabled 
metal to significantly minimise its 
emissions, making it one of the most 
sustainable and circular materials 
available.

CO2 capture and reuse
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The black slag is processed inside the 
steel mill to be used again in different 
industrial processes

It is now common practice to reuse and 
recycle waste from steel manufacturing 
cycles (e.g., slag, EAF dust, mill scale, or 
zinc sludge) and other industrial 
processes along the supply chain (e.g., 
waste generated during product 
manufacturing). The metal system in the 
UK is today one of the most advanced 
industrial symbiotic networks, allowing 
businesses to pool resources and 
knowledge to maximise waste product 
reuse. The system combines a 
centralised database of waste products 
and their potential applications with a 
network of specialists who can advise 
firms on the most efficient method to 
reuse their waste. The system has helped 
to drastically reduce waste sent to 
landfill and the carbon footprint of the 
metal sector in the UK.

Industrial Symbiosis

Reusing and recycling waste from steel 
manufacturing cycles (e.g. slag, electric arc furnace 
dust, mill scale, or zinc sludge) and other processes 
(e.g. waste gas produced during steel production), is 
now widespread practice. In the UK, a symbiotic 
metal industrial network has been optimised and 
well-organised in order to maximise efficiency while 
minimising carbon emissions from the metal 
industry.



VISION 02
Circular alloys and manufacturing

"It is simple to say that we don't want to mine, but the quality of scraps out there is 
not good enough." ... "We need to develop a simple alloy that has multifunctional 

properties."

Expert n. 39

SNAPSHOTS FROM THE FUTURE:

1. Rationalisation of alloy grades and 
use

2. Closed metal loops enabled  by 
multi-principal elements alloys

3. Metal nanomanufacturing for 
multipurpose alloys

4. AI-driven metal material 
optimisation

5. Self-disassembly metal components

6. Zero Defect: Computer vision to 
predict quality defects
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Circular alloys and manufacturing

In 2050, the UK has one of the most 
efficient metal closed loop systems 
worldwide. This has been made possible 
by research and innovation in the 
development, manufacture, regulation, 
and application of metals. In the early 
2030s, the UK government successfully 
conducted a rationalisation of alloys 
grades and use, drastically lowering 
their number and application. This 
prompted the market to invest in 
high-quality metals and the development 
of highly efficient and recyclable alloys. 
For this reason, alloys with high 
temperature, fatigue, corrosion, and 
oxidation resistance, such as 
multi-principal alloys, became widely 
used. Technology innovation has also 
been critical in improving efficiency and 
productivity compared to the past. For 
example, nanotechnology, robotics, and 
computation have enabled the 
development of metal 
nanomanufacturing centres capable of 
producing micro-scale alloys with precise 
qualities for various applications.

Artificial intelligence (AI) is used to 
optimise the manufacturing of metal 
components, enabling the creation of 
metal structural components that require 
significantly less material and are 
substantially more robust. Through 
automated image recognition, AI can 
also locate and label any potential faults 
in the metal while it is being made. This 
technology cuts down on production 
waste and gives the producer useful 
information about the materials. 4D 
printing technology has enabled the 
development of self-disassembling 
metals for improved recyclability. All of 
this significantly aided the management 
and repurposing of metals across several 
loops.



Barriers to the vision Opportunities and enablers 
for the vision

Lenses of analysis

TECHNOLOGICALAlloy mass simplification is challenging - Mass 
simplification of alloys may not be practical due to 
market forces and competition.

Pure metal cycle promotion through servitisation - 
Promoting innovative access-over-ownership 
models may change market dynamics and push 
competition towards the delivery of new services 
instead of product diversification. This enables 
inventory management of pure materials across 
worldwide supply chains, as well as the closure of 
multi-level reverse cycle networks (WE Forum, 2014).

ECOLOGICALInsufficient knowledge of metal flow - Even if we 
were able to develop metals that could follow a pure 
flow, we still lack a complete understanding of the 
flow of metals in and out.

More research on metal flow and development of 
geo-tracking systems for materials - Improved 
tools for explicitly considering metal flow (e.g., in 
LCA) in combination with other material information, 
such as time of use and additional research on metal 
flow can provide critical information for more 
informed decision-making.

Lack of a holistic circular metal approach - There is 
a lack of a holistic approach to supply chain 
management, innovation, effective methodologies, 
and life cycle performance with a particular 
emphasis on circular alloys.

Embrace CE as a company strategy - Investors and 
top management must make strategic decisions to 
identify new business opportunities, promote an 
integrated CSC, and coordinate the cultural and 
organisational changes required to accept CE 
principles (Maranesi et al., 2020). Also, continual 
research and development are crucial to enhancing 
circular alloys' effectiveness. To build a completely 
circular supply chain, public and private sectors must 
collaborate  (European Aluminium, 2020).

ECOLOGICAL

POLITICALGovernment ambiguity in CE policy innovation - 
It's difficult to understand how the government could 
encourage CE innovation as a policy because the 
current government's attitude on CE is ambiguous.

Develop a clear CE policy framework that outlines 
government goals - Breaking down the 
government's plan for adopting the CE into a clear 
framework may help to decrease ambiguity and 
uncertainty on how businesses might pursue the UK 
CE action plan.

ECONOMICSIt is expensive to achieve material purity - The cost 
of making new metals with the purity needed for full 
circularity is high.

Technology improvements - Metal purity can be 
improved, and recycling costs can be decreased, 
through technological advancement. This must be 
done concurrently with the promotion of and 
transition to a secondary metals-based economy in 
the UK (OECD, 2019). 
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The first road map defined in 2025 by the 
UK Metal Council for the rationalisation of 
metal alloys.

Previously, corporations could choose 
from a variety of alloys, but this is no 
longer the case. Indeed, the UK 
government has effectively implemented 
a rationalisation of usable alloys, 
drastically lowering their number and 
usage. There is now a distinct hierarchy 
of alloy grades, with the most sustainable 
and easily recyclable alloys utilised for 
the most critical applications. Alloy use is 
strictly monitored and supervised to 
guarantee that the manufacturing 
process is environmentally friendly and 
that the product has long and multiple 
lives. This has resulted in a significant 
reduction in the type of metals. To deal 
with this limitation, businesses have been 
compelled to adopt new standards and 
compatibility strategies. The 
rationalisation and standardisation of 
alloy manufacturing and use has made it 
easier to locate, separate, collect, and 
recycle alloys.

Rationalisation of alloy grades and 
use

While previously industries could have very many 
leagues, today this is no longer possible. Indeed, the 
UK government has enacted a rationalisation of 
available alloys, significantly lowering their number. 
Businesses have been forced to develop new 
standards and compatibility strategies in order to 
deal with this limitation. The rationalisation and 
standardisation of alloy compositions have 
drastically simplified the processes of identification, 
separation, collection and recycling of alloys.



Today, multi-principal elements alloys, 
also called circular alloys, are the most 
widely used alloys on the market. These 
are alloys that meet the requirements for 
a wide range of applications that could 
not be met with a single grade alloy. They 
have exceptionally high temperature, 
fatigue, corrosion, and oxidation 
resistance. These grades of alloys are 
used in a wide range of applications and 
are easily recycled. For this reason they 
are mainly used in closed-loop 
businesses. Their widespread use has 
almost eliminated the need for numerous 
non-recyclable alloy grades.

Closed metal loops enabled  by 
multi-principal elements alloys



Today it is technologically and 
economically feasible to produce metals 
on a micro dimension by integrating 
nanotechnology with robots and 
computation. By changing the way the 
material behaves by infusing 
nanoparticles into the metal when it is 
molten, it has the potential to provide a 
number of significant benefits, including 
greater strength, better formability and 
resistance to heat cracking. This gives a 
lot of homogeneity to the material, 
making it much more reliable and 
durable.

Metal nanomanufacturing for 
multi-principal alloys

Today it is technologically and economically feasible 
to produce metals on a micro dimension by 
integrating nanotechnology with robots and 
computation. By changing the way the material 
behaves by infusing nanoparticles into the metal 
when it is molten, it has the potential to provide a 
number of significant benefits, including greater 
strength, better formability and resistance to heat 
cracking. This gives a lot of homogeneity to the 
material making it much more reliable and durable.

By integrating nanotechnology with robots and 
computation, it is now technologically and 
economically feasible to build molecular-scale 
products composed of multi-principle alloys. These 
alloys are recycled and reformulated into new 
products with specific properties depending on their 
intended use.
For example, alloys used in the automotive industry 
need to be strong and lightweight, while alloys used 
in the construction industry need to be durable and 
heat resistant. The properties of the alloys are 
controlled at the nanoscale during the 
manufacturing process to ensure that they meet the 
specific needs of their intended applications.
This results in a significant reduction in the amount 
of metal ore that needs to be mined, as well as a 
reduction in the amount of energy required to 
produce metals.
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An ultra-light single-piece component 
aluminium structure for an aircraft 
created through generative design

Artificial Intelligence (AI) has made giant 
leaps over the past. Any metal structure 
may be designed entirely by AI 
algorithms that can optimise the shape 
to the structure's purpose, constraints 
and requirements. By minimising the 
amount of raw material used, businesses 
may reduce cost while improving the 
performance of products.

AI-driven metal material 
optimisation

POSSIBILE IMAGES
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All metal products are now designed to 
be easily disassembled and repaired, 
reused, or recycled. The use of 4D 
printing of metal has become 
economically possible due to 
developments in 3D printing and new 
smart responsive materials. This has 
enabled the development of metal 
components that, like living beings, can 
respond to environmental stimuli (e.g. 
temperature or humidity) by adapting to 
their surroundings and changing shape. 
Structures can, as a result, self-assemble, 
self-adapt, self-repair, and even 
self-disassemble.

Self-disassembly metal components



Today's AI and image recognition 
algorithms through big data are capable 
of detecting defects (i.e. small metal 
cracks) through the use of different 
sensors. This technology is used to 
detect defects in metal components and 
reduce waste of energy and raw 
materials. Employing this technology 
significantly decreases the need for 
product repair or replacement (and 
warranties). For example, smart cameras 
have been increasingly used in 
automotive production to detect defects 
in vehicle sheet metal, cutting 
maintenance costs and simplifying 
pre-production sheet metal recycling.

Zero Defect: Computer vision to 
predict quality defects



In 2050, the UK has a thriving CE in which 
factories of today are more varied, and more 
distributed than those of the past. Many 
small and medium-sized firms, both in urban 
and rural areas, use innovative technologies 
to establish circular businesses and connect 
to intensive super factories for the creation 
of complex products. As a result, there is a 
proliferation of locally-based manufacturing 
networks and related supply chains, giving 
rise to resilient local economies that are 
developed around metal production, 
processing, maintenance, and recycling with 
a stronger emphasis on repair and 
regeneration. 
Fablabs support these new local economies 
by providing spaces (to businesses, schools, 
community groups and individuals) to 
manufacture, repair, or customise products.
Today's distributed production makes it 
easier to deploy and adapt new on-demand 
sales models. In addition, specialised 
companies offer distributed manufacturing 
services, enabling manufacturers to produce 
their products locally. 
Flexibility is not only related toproduction, 
but also to repairs; innovative on-demand 
repair models, such as mobile additive 
manufacturing repair workshops and local 
repair delivery, make repairs easier by 
enabling on-site replacement component 
manufacture.
Electric vehicles, fuel cells, and 
solar-powered ships all play a role in the new 
green logistics supporting this new way of 
conducting business.

SNAPSHOTS FROM THE FUTURE:

1. Resilient local economies

2. Fablabs for metal products and 
components

3. Distributed additive manufacturing 
services

4. Make to order/on-demand

5. Mobile additive manufacturing repair 
labs

6. Local fixing delivery
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Distributed metal manufacturing

In 2050, the UK has a thriving CE in 
which factories of today are more varied, 
and more distributed than those of the 
past. Many small and medium-sized 
firms, both in urban and rural areas, use 
innovative technologies to establish 
circular businesses and connect to 
intensive super factories for the creation 
of complex products. As a result, there is 
a proliferation of locally-based 
manufacturing networks and related 
supply chains, giving rise to resilient 
local economies that are developed 
around metal production, processing, 
maintenance, and recycling with a 
stronger emphasis on repair and 
regeneration. 
Fablabs support these new local 
economies by providing spaces (to 
businesses, schools, community groups 
and individuals) to manufacture, repair, 
or customise products.
Today's distributed production makes it 
easier to deploy and adapt new 
on-demand sales models. In addition, 
specialised companies offer distributed 
manufacturing services, enabling 
manufacturers to produce their products 
locally. 
Flexibility is not only related to

production, but also to repairs; 
innovative on-demand repair models, 
such as mobile additive manufacturing 
repair workshops and local repair 
delivery, make repairs easier by enabling 
on-site replacement component 
manufacture.
Electric vehicles, fuel cells, and 
solar-powered ships all play a role in the 
new green logistics supporting this new 
way of conducting business.



Barriers to the vision Opportunities and enablers 
for the vision

ECOLOGICALXXXX XXX

Boost collaboration and visioning among metal 
stakeholders - Building a successful local metal SC 
among diverse stakeholders in the UK needs be a 
joint effort of the public and private sectors. 
Understanding how local stakeholders may work 
together and speed up a unified vision of circularity 
is a step in this direction (Rincón-Moreno et al., 
2021).

TECHNOLOGICALNew circular manufacturing technologies will 
reshape the labour economy - The shift away from 
metal manufacturing towards metal recycling and 
repair using new technologies such as 3D printing 
will have a profound effect on the labour market.

Investment in research and education - Additional 
research is required to fully understand the impact 
of the transition to a CME on the labour market 
(Laubinger et al., 2020). Public help, however, is 
essential to prepare businesses, higher education 
institutions, and individuals in the metalworking 
industry in the UK for green job training. This decline 
in employment could be more than offset by growth 
in labour-intensive sectors, particularly in the service 
sector.

POLITICALCapacity and relationships are inadequate in 
multi-level supplier networks - A lack of capacity 
and relationships in multi-level supplier networks 
(local/glocal) prevents forward and reverse flow of 
the cycle.

Promote collaborative efforts, supply chain 
transparency, and skill development - Together, 
both the public and private sectors should work to 
develop and strengthen capabilities and 
relationships throughout the whole supply chain. 
This may require facilitating collaboration between 
stakeholders, transparency in material supply chain, 
and education and skills development (Despeisse et 
al., 2016).

TECHNOLOGICALLack of a metal supply chain in the UK - The metal 
supply chain is currently worldwide, and the UK lacks 
a local supply chain that can control the flow of 
metals.

UK supply chain circularity policy - In order for 
metals to circulate within the UK, politics must 
create the right environment for this change. Carbon 
taxes, energy policies and capital investments for 
processing equipment (e.g. electric furnaces) are just 
a few examples of how the UK can drive the 
transition. However, the metal industry cannot 
undertake this transition without the government's 
assistance.

Innovative long-term business models must be 
established - Businesses must gain a better 
knowledge of how to attract large numbers of users 
to switch to new business models with long-term 
benefits.

Educate users on new business models and their 
benefits - Private sectors should increase their 
investment in research to develop easy tools that 
help users embrace new business models and obtain 
a better grasp of their long-term benefits.
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Barriers to the vision Opportunities and enablers 
for the vision

ECONOMICSScaling distributed manufacturing infrastructure 
is not a priority in the CE - Infrastructure 
development for distributed manufacturing will 
require significant investment to operate at high 
capacity, and this is not a priority in the shift to the 
CE.

Advantages for industries investing in distributed 
manufacturing - Businesses that invest in 
distributed manufacturing technologies can gain a 
competitive edge, enabling them to prosper in 
markets that few others have explored. 

ECONOMICSModels of distributed manufacturing can lead to 
inefficiencies and a rise in the complexity of 
requirements -  Inefficiencies might emerge if one 
facility cannot create a component on schedule, 
influencing the overall product's manufacturing. A 
distributed manufacturing model may also increase 
transportation costs because components must be 
delivered between factories.

Optimise production processes and facilities to 
reduce transportation costs - The key to avoiding 
production disruptions and inefficiencies is to 
carefully plan and manage the distributed 
manufacturing process (Singh Srai et al., 2016). 
Just-in-time, lean, and agile manufacturing are some 
approaches of distributed production that can 
overcome these constraints.
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Today, the UK has a thriving network of 
resilient, diversified and circular local 
economies. District and regional 
cooperation is the cornerstone of these 
thriving economic systems, with an 
emphasis on local resources and 
community-based trade. Dedicated 
entities are in charge of organising and 
managing collaboration throughout the 
metal supply chain, promoting strategic 
partnership both within and outside of 
the national boundaries.
Local economies have developed around 
metal reprocessing, with a stronger 
emphasis on repair and regeneration 
(such as reusing, refurbishing, and 
remanufacturing). 
Local economies become more resilient 
through diversification, investment in 
infrastructure and human resources, and 
the creation of a more favourable 
business environment. This has 
increased the ability of local 
communities to respond successfully to 
economic shocks and stresses.

Resilient local economies

Today's economy is collaborative and regional. While 
previously large single companies controlled 
vertically integrated supply chains, today regions 
allow interactions between local businesses by 
acting as a conduit. Regions foster collaboration and 
communication from one group of actors to another. 
These favour the optimisation of the demand with 
the production at the full productive capacity of the 
British firms. Occasionally working with non-UK firms 
as well. Regions are also concerned with retraining 
and retraining employees to improve resilience in a 
rapidly changing society.



Modern Fablabs, compared to the past, 
can provide a wider range of production 
methods for the manufacture, repair and 
recycling of metals. 
Fablabs are open to businesses, schools, 
community groups and individuals, and 
offer a space for people to experiment 
with new designs and manufacturing 
processes. For instance, large enterprises 
use Fablab networks to maintain goods 
and services remotely, while citizens can 
use Fablabs to learn how to self-produce 
their own products.
Fablabs also provide training and support 
to help people develop the skills they 
need to design and make circular metal 
products. Indeed, many businesses now 
supply computer-aided design (CAD) 
models rather than products or spare 
parts in order to enable local 
manufacturing.

Fablabs for metal products and 
components



New specialised companies, as well as 
logistics providers, work with 
manufacturers all over the world to 
produce and enable repair of products 
on-site. Smaller, more localised facilities 
can respond to requests more quickly 
and efficiently. By eliminating numerous 
processes in traditional supply chains, 
companies have been able to reduce 
material inventories, lead times, logistic 
costs and emissions, and material waste. 
Metal spare parts and products can be 
manufactured using a variety of 
methods, including 3D printing, laser 
cutting, and welding. They can also 
provide a variety of finishes, such as 
plating, anodizing, and powder coating.
Furthermore, these companies 
frequently provide distributed 
manufacturing and repair services 
directly to consumers. These services are 
provided by a network of 3D printing 
kiosks located in public areas such as 
shopping malls, city centres, etc.

Distributed additive manufacturing 
services

New specialised companies, as well as logistic 
companies, collaborate with manufacturers around 
the world to produce products on site. This has 
enabled companies to reduce material inventories, 
lead times, logistic cost and emissions, and material 
waste by eliminating numerous processes in 
traditional supply chains. Additionally, these 
companies often offer distributed manufacturing 
services directly to consumers as well.



Industrial 3D printers for the 
production of spare parts 
on-demand

With the advent of the CE and the 
massive shift from manufacturing to 
remanufacturing, factories that can 
produce on-demand have proliferated. 
Businesses can now operate at a fraction 
of the cost and time of traditional 
businesses thanks to the advancement 
of new technologies. On-demand 
provides a level of convenience and 
flexibility that traditional modalities do 
not provide. 
Customisation is a crucial part of this 
new way of production. Users are now 
able to select the type of metals, colours, 
and even the metal coating used to 
create their products. Spare parts are 
also an important part of these 
businesses, especially since they can 
print single parts on-demand.

Make to order/ on-demand

In the past, metal consumer items were produced to 
stock, but today's technology allows for 
‘manufacturing on demand'. Automated 
manufacturing can run 24 hours a day, seven days a 
week. This allows for the production of highly 
customised items in short time. In addition, spare 
parts are manufactured when needed through the 
use of distributed digital warehouses.

With the advent of the circular economy and the 
massive shift from manufacturing to 
remanufacturing, factories that can produce on 
demand have proliferated. Businesses can now 
operate at a fraction of the cost and time of 
traditional businesses thanks to the advancement of 
new technologies. On-demand provides a level of 
convenience and flexibility that traditional modalities 
do not provide. Consumers continue to demand 
products and services that can be delivered quickly 
and conveniently as the world becomes more 
connected and fast-paced. For example, when new 
spare parts are required, the production of these 
parts can determine whether users repair the 
product or purchase a new one.



As a result of technical advancements, 
industry-maintenance services have 
flourished. Thanks to the development of 
mobile additive manufacturing repair 
labs, heavy machineries (e.g. hospital 
equipment, heavy-duty vehicles, etc.) 
can be rapidly maintained, repaired, or 
upgraded when required. Also, mobile 
labs that specialise in different industrial 
processes (such as laser cutting,  
computer numerical control milling, etc.) 
can be linked to make a large, mobile 
repair infrastructure in remote areas.

Mobile additive manufacturing repair 
labs



In order to encourage users to fix their 
own small devices, repair companies 
have created novel methods to provide 
local, fast and affordable repair services. 
Nowadays, the majority of repairs are 
performed at home, thanks to the 
proliferation of small mobile labs. These 
are equipped with additive 
manufacturing technologies and can 
offer a range of repair, alteration and 
upgrading services.
Almost all organisations that offer “local 
fixing delivery” services work closely 
with the local manufacturers to 
exchange information about their 
products and the most effective ways to 
fix them.

Local fixing delivery



VISION 04
End-to-end supply 
chain

"Knowing exactly what you've 
got to deliver, where and 

when, is critical to monitoring 
the flow in a circular 

economy."

Expert n. 10

SNAPSHOTS FROM THE FUTURE:

1. Intelligent inventory management

2. Supply chain sustainability reporting 
adopted by all businesses

3. Service-oriented supply chain
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End-to-end supply chain

With the use of intelligent assets, the 
circular supply chain has radically 
altered the traditional constrained and 
silos system. The modern end-to-end 
supply chain encompasses all the 
aspects of a product lifetime. This is a 
fully integrated and automated system 
that allows for real-time monitoring and 
execution of all supply chain processes. 
In this system transparency and 
standardisation play a key role as they 
can enable intelligent inventory 
management. To encourage 
corporations to adapt to this new 
working paradigm, sustainability 
reporting is now required by all 
businesses. Businesses that collaborate 
based on data sharing are able to provide 
high-quality customer-centric services 
across the supply chain, such as 
predictive or remote services. 



Barriers to the vision Opportunities and enablers 
for the vision

TECHNOLOGICALThe lack of instruments makes non-financial 
reporting difficult for SMEs - Despite their crucial 
role in the UK economy, many micro, small, and 
medium-sized enterprises (SMEs) struggle with 
non-financial reporting due to a lack of tools, formal 
scientific understanding, and international 
consistency required for balanced economic activity.

Non-financial reporting tools should be available 
to SMEs - Non-financial reporting in the metal 
supply chain is becoming increasingly important, and 
this process needs to be structured, streamlined, and 
standardised so that it can be used by enterprises of 
all sizes around the world (Krawczyk, 2021).

ECOLOGICALIndirect carbon emissions are not calculated - To 
calculate their carbon footprint, corporations often 
overlook indirect carbon emissions (scope 3 target) 
generated by their supply chain, which are typically 
the major source of emissions in most industries.

Indirect carbon emission reduction policies should 
be implemented - Policies aimed at reducing 
indirect carbon emissions (scope 3 target) should be 
applied across the complex and interconnected 
global supply chain (Onat et al., 2020).

TECHNOLOGICALStandardisation of data interchange - Information 
exchange should be standardised and transparent in 
order to allow collaboration among all supply chain 
stakeholders, yet this is challenging because supply 
networks cross multiple governments, business 
procedures, and cultural norms (Tura et al., 2019).

Enabling the development of data standardised 
knowledge-sharing platforms - Platforms for 
information sharing may allow collaboration and 
information exchange across stakeholders (Ellen 
MacArthur Foundation, 2013). Metal supply chain 
networks should establish knowledge-sharing 
mechanisms that enable, facilitate,  and safeguard 
intellectual property (IP) while also promoting data 
standardisation and transparency among 
stakeholders. Public funding and interventions may 
be used to promote and support these platforms.

Metal supply chain opaqueness promotes mistrust 
and data silos - Lack of transparency in metal 
supply chains contributes to mistrust and fosters 
data segregation, limiting cycle information.

Enforce supply chain reporting, labelling, and 
accounting regulations - The use and 
implementation of new technologies such as RFID, 
IIoT and Blockchain combined can improve 
transparency in the metal End-to-End supply chain 
(E2E-SC) (Zelbst et al., 2019) and enforce reporting, 
labelling, and accounting requirements to ensure 
information interchange across the supply chain 
(Bicket et al., 2014).
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Barriers to the vision Opportunities and enablers 
for the vision

POLITICALE2E-SC management is complex, detailed, and 
systemic - The vast, complicated, and systemic 
nature of E2E-SC management has challenges and 
issues. Modelling techniques are needed by decision 
makers in order to better understand, control, 
design, or assess their E2E-SC.

Managing and modelling the E2E-SC requires new 
knowledge and frameworks - Given the complexity 
and difficulty associated with managing such 
complex information, it is important for businesses 
to gain more knowledge and identify new 
frameworks for more effectively controlling and 
modelling the system (Chilmon et al., 2017).

ECONOMICSThe shift to a CE may cause supply chain 
disruptions - Significant disruption in the metal 
supply chain, particularly in metal manufacturing, as 
some enterprises may need to reinvent themselves 
to conform to the CE's new standards.

Enabling a national and local metal transition 
pathway - While this research is defining the issues 
and potential solutions for enabling a national metals 
transition to a CE, the next step will be to replicate 
the research in a local environment in order to 
develop visions that are locally relevant, actionable, 
and representative of stakeholders' perspectives. 
Governments may form collaborative partnerships 
with industries throughout the metal supply chain in 
order to help them rethink, innovate, and reorganise 
their business models in order to adapt to their new 
roles in the CME (Jackson et al., 2014).
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With the introduction of Intelligent 
Inventory Management systems, 
communication among supply chain 
actors has improved. Data and analytics 
are now used by all OEMs and SMEs to 
improve stock levels, reduce waste, and 
promote resource efficiency. Many 
inventory management activities can be 
automated, lowering costs.
All parties in the supply chain use 
optimisation tools to track the flow of 
information about  asset ownership, 
location, and product condition. 
Inventory management systems query 
and update real-time stock data using 
IoT, fixed antennas, and inventory 
identification tags.

Intelligent inventory management



Companies have made the supply chain 
sustainability reporting a competitive 
strategy for better user services

Supply chain sustainability reporting is 
now standard practice for all businesses, 
and it is critical in order to remain 
competitive in an increasingly CE. This 
has fundamentally changed supply chain 
management, making it more sustainable 
and improving business transparency, 
resulting in better business and 
consumer decisions, as well as a more 
sustainable future.

Supply chain sustainability reporting 
adopted by all businesses

Initially only major corporations were obliged to 
report on corporate sustainability, but this was 
eventually broadened to include small and 
medium-sized firms. Supply chain sustainability 
reporting is now standard practice for all businesses, 
and it is critical in order to remain competitive in an 
increasingly circular economy. This has 
fundamentally changed supply chain management, 
making it more sustainable and improving business 
transparency, resulting in better business and 
consumer decisions, as well as a more sustainable 
future.



A repair crew in operation after the 
detection of an anomaly in an aeroplane 
engine.

Today, it is common for supply chain 
service providers to collaborate with 
their OEM customers to ensure that the 
products they maintain and repair will 
last for a long period of time. This 
collaboration extends beyond the first 
phases of the design process, exchanging 
data to improve services such as 
predictive maintenance and 
remanufacturing throughout the 
product's lifetime.
The close-loop potential has risen 
dramatically as a result of this 
engagement between OEMs and service 
providers.

Service-oriented supply chain

Adding real-time market and customer data 
throughout the supply chain operations has made 
logistic providers more agile and customer-focused. 
Data are utilised to improve services like predictive 
maintenance and remanufacturing. Outsourcing 
maintenance and repair works in B2B, allows for 
better, quicker, more localised services.

Today, the majority of Original Equipment 
Manufacturers (OEMs) outsource maintenance and 
repair to third parties, who are typically supply chain 
service providers. OEMs can engage with their 
partners to ensure that goods are built for easy 
repair, disassembly, and recycling in order to 
maintain agile and flexible services and operations. 
The parties share real-time market and customer 
data to enhance services such as predictive 
maintenance and remanufacturing. This emerging 
paradigm of cooperation has significantly increased 
the effectiveness of maintenance and repair service



VISION 05
Metal as a service

"An opportunity is to increase the intensity of use 
through product sharing—this will reduce the 

demand for products."

Expert n. 10

SNAPSHOTS FROM THE FUTURE:

1. Metals molecules as a service 

2. Metal components as a service

3. Metal products as a service (B2B)

4. Metal products as a service (B2C)

5. Metal products shared

6. Buildings and structural components 
as a service

7. Social bubble collaborative economy
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Metal as a service

In 2050, the UK is a world leader in 
metal as a service. As a result, the 
majority of firms are held accountable 
for their products throughout their entire 
life cycle (including usage and disposal). 
The UK was one of the first governments 
to create a "Department for Metal 
Services" to lease metals molecules 
from metals and mining corporations to 
UK materials industries. Also, different 
business models such as metal 
components as a service and metal 
products as a service are increasingly 
used by companies, for both B2B and 
B2C markets. These 
performance-related services are now 
prevalent offer models and account for 
the majority of business revenues. 
Another business model that became 
widely adopted by businesses, 
particularly for B2C, is product sharing. 
This has been aided by tracking 
technologies and product automation, 
allowing firms to fully monitor and 
control their products.
On an urban scale, cities have become

more dynamic and community-driven. 
Today, many buildings and structural 
components are envisioned as 
community assets. In addition, a sharing 
economy has now widely permeated into 
society. In this respect, businesses and 
communities have partnered to make 
numerous 'product-sharing' services 
available to specific social bubbles (e.g. 
community car sharing).



Barriers to the vision Opportunities and enablers 
for the vision

TECHNOLOGICALServitisation makes it difficult to gather and 
exchange company data  - Product performance 
(serviceability, maintainability, repaierability, etc.) 
are directly related to the data collection capabilities 
of service providers and industry 4.0 factories.

Enable service businesses' data collection and 
sharing transition -To address the current need to 
transition to a servitisation-based economy, data 
gathering and exchange should be tailored to this 
objective. A structural shift that can create the 
requisite systemic capacities is required. For this 
reason, the government should prioritise funding for 
technologies that address critical CE challenges 
(Zhou et al., 2020).

ECOLOGICALMetal dissipative flow - The prolonged use of metal 
in product sold as a service implies the reduction of 
the corresponding secondary material stocks and 
the need to relay on geological stocks.

Establish an inventory system to track and 
manage metal flow - Develop methods to quantify 
the impact of metal dissipation based on Life Cycle 
Inventory (LCI) databases, to use proper background 
data for the implementation of service projects, and 
accordingly to take into consideration the dissipation 
of available and usable resources systematically 
(Beylot et al. 2020).

ECONOMICSUK's financial and accounting systems hinder 
development - Inadequate financial and accounting 
systems in the UK to invest in new/existing 
businesses or initiatives that foster the development 
of metal circular business models.

Policy instruments can be used to aid in the 
promotion and financing of the CE - Policy 
instruments can help de-risk and encourage CE 
investments. These instruments, such as blended 
finance and investment guarantees, enable greater 
public–private partnership and financing of the CE. 
Private investments can be leveraged by public 
money. Impact investments and philanthropic 
donations can de-risk early-stage investments 
(Schröder et al., 2021).

Changes in public perception of ownership take 
time - Changing people's perceptions of owning a 
commodity needs a fundamental shift in social and 
cultural thinking, which can take a long time to 
achieve. Furthermore, some circular models may 
result in inequity and exclusions.

Creating a social and cultural framework for 
evaluating the impact of CBM - Developing a social 
and cultural framework for assessing a structural 
societal shift in order to assess the sociopolitical 
consequences of circular business model adoption 
(Hobson et al., 2016). Inequality and exclusionary 
consequences of various circular business practices 
should be assessed under the framework.
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In 2050, the British government formed 
the first "Department for Metal Services" 
as part of a coalition with metal 
production corporations to handle the 
leasing of metal molecules in the UK. 
"Molecules as a service" is a programme 
through which metals and mining 
companies own the stock of metals and 
provide metal to UK companies as a 
service. As a result, UK companies are 
required to establish product-service 
systems in order to maintain control and 
ensure the return of materials to the 
provider at the end of the lease period.

Metals molecules as a service
In 2050 the British government runs the first metal 
molecule leasing agency in the world. ‘Molecules as a 
service’ is a program through which the government 
owns the national metal stocks and supplies metal to 
UK companies as a service. As a result, UK 
companies are forced to establish product-service 
systems in order to maintain control and ensure the 
return of the materials to the government at the end 
of the leasing period. At the end of the leasing 
period, the ‘pure’ metals are returned to the 
government and redistributed again.



Mold that has been remanufactured 
after 25 years of service and is being 
updated for future usage.

Many business customers nowadays 
prefer to buy the service of components 
rather than the components themselves. 
This is due to the fact that service 
suppliers can provide operations such as 
preventative care, urgent and emergency 
services, customer service, general 
repairs and training, all of which are 
locally available 24 hours a day, seven 
days a week. Additionally, one of the 
most important factors driving 
enterprises to adopt this business model 
is the ability to quickly remanufacture 
metal components. For example, steel 
molds are no longer sold but are 
provided as a service. If the company 
needs to update the mold or maintain 
and repair it, this is included in the 
service cost.

Metal components as a service



Escalator companies now 
receive a fee for each 
completed hour of operation 
of the escalator.

Metal products as a service has become 
a popular business-to-business offering. 
Traditionally, firms sold and maintained 
their products. Nowadays, what is sold is 
the performance provided by the 
product. This includes ‘pay-per-use’ 
models, where customers pay for the 
output of the product (e.g. escalator 
companies are paid on the basis of the 
number of people transported by the 
escalator), and ‘functional results’ 
models, where customers pay for 
obtaining a certain result (e.g. escalator 
companies are paid a yearly fee for the 
installation and maintenance of an 
escalator).

Metal products as a service (B2B)



Window-as-service 
system replacement in 
a London building. 

Nowadays, consumers are increasingly 
turning to the products-as-a-service 
business models. Subscription and 
pay-per-service models are just two 
examples of this new consuming pattern. 
For example, most buildings employ 
today a business model based on the use 
of multifunctional façades. The customer 
is no longer the owner of the building 
envelope, but pays for the functions 
delivered by the façade (e.g. home 
insulation, energy generation) through a 
long-term performance contract. The 
provider is responsible for the 
installation, maintenance, repair and 
decommissioning of the façade.

Metal products as a service (B2C)

IMAGE TO 
PURCHASE
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Self-driving car-sharing

The sharing economy is a key 
environmental strategy of today's global 
economy. Consumption has evolved from 
individual to collaborative, and nowadays 
most modern businesses in the UK as 
well as in the rest of the world only offer 
their products through renting and 
sharing schemes. For example, in relation 
to the automotive industries, car 
manufacturers, enabled by the 
emergence of cutting-edge technologies 
such as autonomous driving, make most 
of their revenues through renting and 
sharing services.

Metal products shared



Modular part

Metal component and raw material 
manufacturers offer building structural 
components as a service. As a result, it is 
now usual to market ‘structural integrity' 
rather than components for civil 
engineering projects (e.g. bridges). 
Companies are paid a monthly fee to 
install, maintain, improve, and 
decommission the structure. They also 
offer ‘building-as-a-service' in 
collaboration with contractors. They own 
the building and rent or lease it. As such, 
they are incentivised by having the 
building used for as long as possible and 
decommissioned with all parts reused. In 
some circumstances, the service also 
includes the building's energy 
consumption.

Buildings and structural components as 
a service

Metal component and raw material manufacturers 
offer building structural components as a service. As 
a result, it is now usual to market ‘structural integrity' 
rather than components for civil engineering 
projects (e.g. bridges). Companies are paid a monthly 
fee to install, maintain, improve, and decommission 
the structure. They also offer ‘building-as-a-service' 
in collaboration with contractors. They own the 
building and rent or lease it. As such, they are 
incentivised in having the building to be used for as 
long as possible and decommissioned with all parts 
reused. In some circumstances, the service also 
includes the building's energy consumption.

TEXT-BASED LINKS
Text 1 in IT: link

In the past, infrastructures were administered under 
an extractive, exclusionary strategy focused 
primarily on profits. These are now maintained by 
community institutions to address the basic 
requirements of a community in a more dynamic and 
shared fashion for future generations. Some 
buildings and structural components today are a 
common asset for communities, providing them with 
the sovereignty and resilience they need to thrive. 
Property is generative, providing the resources 
communities need to grow and prosper. These assets 
are managed by a community institutions, which 
work to ensure that they are maintained and 
operated in a manner that benefits the community as 
a whole. These organizations also work to ensure 
that the assets are used in a way that maximizes 
their potential to generate property for the 
community. For instance, after youths leave the 
home, a family may have one extra bedroom, 
whereas more space will be required to 
accommodate ageing parents. In these 
circumstances, if the property taken from common 
assets such as the buildings of a co-housing project 
is temporarily privatised and placed under the care 
and control of a person. In this way accumulation 
does not occur.

https://www.questionegiustizia.it/rivista/articolo/i-beni-comuni-come-istituzione-giuridica_445.php


To support the current sharing economy, 
cities and neighbourhoods (in the case of 
large cities) have developed over the 
years different sharing models tailored 
to specific social communities in relation 
to their specific needs. For example, a 
dedicated reservation system can allow 
residents of a specific community to 
book services available to them such as 
cars and micro-mobility to move around 
their neighbourhoods. The district can 
provide various subscriptions to meet the 
needs of its members as well as 
possibilities. Nowadays, most urban and 
non-urban districts are run by social 
cyber-physical systems that encourage 
community sharing of assets.

Social bubble collaborative economy

To support the current sharing economy, over the 
years cities have developed different tailored sharing 
models for specific social communities. For example, 
a dedicated booking system may allow residents of a 
specific community to reserve services only available 
to them. The district may provide various 
subscriptions to meet the needs of its members. 
Nowadays, most city districts are run by social 
cyber-physical systems that encourage community 
sharing of goods.



VISION 06

Metal life 
cycle data
"We need to make both in 
composition materials, as 
well as track those 
materials, the peak time for 
technology, so this changes 
the ecological arguments."

Expert n. 14

SNAPSHOTS FROM THE FUTURE:

1. Open-government metal data for the 
metal sector

2. Digital passport on blockchain

3. Remote maintenance and repairing 
with digital twins

4. Components and materials banks

5. Autonomous marketplace of 
components

6. Autonomous household product

7. Nanosensors embedded in metals to 
gather life cycle data
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Metal life cycle data

Midway through the 2020s, the UK 
government built an open metal data 
infrastructure to make data available to 
companies along the supply chain in 
order to maximise metals' circularity. 
This was also made possible by the 
spread of asset-monitoring technologies 
such as Digital passport on Metal 
Blockchain. These technologies have 
increased openness and data 
responsibility among all stakeholders. 
Data collecting via increasingly 
implanted intelligent sensors in physical 
equipment has also facilitated the 
development of metal digital twins. This 
technology revolutionised equipment 
control, allowing for real-time monitoring 
of environmental and economic 
performance. Smart sensors have also 
enabled material banks, which employ 
disused facilities and products as 
material supplies for new applications.
Cognitive computing and 
machine-to-machine communication 
have accelerated the development of 
autonomous marketplaces for 

selling/exchange of metal components. 
Even household products are becoming 
autonomous, gathering data and 
providing insights on energy 
optimisation and utilisation. Metals are 
also embedded with nanosensors, 
allowing for the collection of data that 
can inform humans or non-human 
systems in planning maintenance, 
repairs, and advising the user on best 
practices.



Barriers to the vision Opportunities and enablers 
for the vision

TECHNOLOGICALData may be difficult to keep updated - It may be 
difficult to keep data up to date and available 
throughout numerous product life cycles and 
long-lasting products (e.g., buildings).

Creating an open metal data management system 
- Development of an "open metal" stock cadaster 
enabling long-term data gathering, access, sharing, 
and use (Oezdemir et al., 2017).

ECOLOGICALEnvironmental issues of data storage and 
generation - Hidden environmental implications of 
data storage and production, as well as their 
understanding.

Improving data centre efficiency and energy usage 
-Improving the efficiency of data centres for data 
storage and transmission, as well as utilising 
renewable energy to power data centres. 
Additionally, promote the representation and 
identification of data consumption in order to inform 
decision-making (Lucivero, 2019).

POLITICALLack of data protection and standards - Inadequate 
data protection, as well as a lack of international 
collaboration on data standards and use, can result in 
data gaps, legal constraints on data use, and 
insecurity for the user.

Flexible data-governance frameworks enable 
interoperability - Development of flexible 
data-governance frameworks and platforms that use 
common, open standards data formats and sharing 
to enable interoperability, security, and trust 
between public and private entities.

ECONOMICSSMEs lack access to helpful databases and 
technology - Due to economic, organisational, and 
technical barriers, SMEs do not have easy access to 
databases and technology that can support 
decision-making and the adaption of circular 
business models.

Foster demand for network engagement in SMEs - 
Through government funding for the establishment 
of SMEs’ networks, it is possible to enable 
stakeholders in the CE to collaborate on the 
adoption, development, and/or acquisition of 
CE-enabling technology (Rizos et al., 2016).

TECHNOLOGICALLack of data transparency on material stocks - 
Inability to obtain transparent data and information 
regarding material stocks and flows.

Development of a centralised data aggregation 
system - Development of a centralised data 
aggregation system (e.g. blockchain) that is 
transparent, credible and is maintained and managed 
by impartial players in a trustworthy environment 
(Kouhizadeh et al., 2019).

Data access, quality, and user privacy - 
Socio-ethical challenges associated with data 
access, quality monitoring, and user data privacy 
assurance.

Improve user data protection policies - Advocate 
for stronger regulation of data access, quality 
monitoring, and user data privacy assurance. This 
could involve working with policymakers to develop 
new laws and regulations that would help to protect 
users’ data privacy rights (Upadhyay et al., 2021).

SOCIAL

Create a data management plan. 
This plan should include how data 
will be collected, how it will be 
organized, how it will be accessed, 
and how it will be preserved. 
Additionally, the plan should be 
reviewed and updated regularly to 
ensure that it is keeping data up to 
date and available.
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In 2025, the UK government established 
a platform for sharing open format 
government data in the metals sector. 
The UK has also partnered with other 
governments around the world to 
provide crucial information. This enabled 
enterprises to have access to, utilise, and 
share this information. In addition, the 
government collaborated with 
businesses and other stakeholders to 
create standards and best practices for 
handling and utilising data. The sector is 
supported by an open government data 
infrastructure that offers all stakeholders 
throughout the metal supply chain  with 
fast, accurate, and reliable information 
about the sector. This infrastructure is 
utilised to help make decisions, drive 
innovation, and boost the sector's 
competitiveness.

Open-government metal data for the 
metal sector

TEXT-BASED LINKS
Text 1 in IT: link

In 2025, the UK government established a platform 
for sharing open format government data in the 
metals sector. The UK has also partnered with other 
governments around the world to provide crucial 
information. This enabled enterprises to have access 
to, utilise, and share this information in order to 
increase the efficiency and competitiveness of the 
UK metal sector. In addition, the government 
collaborated with businesses and other stakeholders 
to create standards and best practises for handling 
and utilising this data. Following this change, the UK 
metal sector has become a strong, sustainable, and 
vibrant sector that can now adapt to an 
ever-changing landscape. The sector is supported by 
an open government data infrastructure that offers 
all stakeholders throughout the metal supply chain  
with fast, accurate, and reliable information about 
the sector. This infrastructure is utilised to help make 
decisions, drive innovation, and boost the sector's 
competitiveness.

https://publicadministration.un.org/egovkb/Portals/egovkb/Documents/un/2020-Survey/2020%20UN%20E-Government%20Survey%20(Full%20Report).pdf


Using a barcode, 
stakeholders may access 
supply chain data

The data display maintains 
anonymity at all times

Metal Blockchain is widely adopted today and it is 
used to trace the origins, ownership and circular 
details of the products. Blockchain ensures the 
integrity, transparency, and accountability of all 
businesses. As a result, a safe data exchange system 
for the circular metal value chain has been created 
based on trust and transparency. This technology 
also allowed for digital passports technologies and 
the transition to a servitisation system. Through this 
technology, companies can track the environmental 
impact of each piece of metal throughout its life 
cycle, and use this information to make more 
sustainable and ethically choices.

Over the last few decades, the UK metal 
sector developed a digital passport 
system that enables the seamless 
tracking of metals and metal products 
throughout the global metal supply 
chain. This was made possible by the 
widely used Metal Blockchain, a 
distributed database that enables safe, 
transparent, and tamper-proof 
record-keeping.
Companies can use this technology to 
trace the environmental impact of each 
metal throughout its life cycle and utilise 
this information to make more 
sustainable and ethical decisions. Also, 
the technology allows the identification 
of reused, reconditioned, 
remanufactured products and recycled 
materials that ensures the UK metal 
sector reaches its ambitious circularity 
ambitions.

Digital passport on Metal Blockchain

Metal Blockchain is widely adopted today. Blockchain 
ensures the integrity, transparency, and 
accountability of all businesses. As a result, a safe 
data exchange system for the circular metal value 
chain was created based on trust and transparency. 
This technology also allows for digital passports of 
materials and products.



Digital twin of an airplane engine that is examined 
to see if everything is working properlyIn 2050, most complex items and 

systems are being controlled, updated, 
and maintained by digital twins. Smart 
sensors embedded in physical objects 
and buildings can monitor critical 
functions and promote easy and fast 
decision-making, resulting in greater 
insights and optimisation for asset 
managers and better value over the life 
of the asset. As a result, assets now 
perform better in terms of both 
environmental and economic 
performance.

Remote maintenance and repairing 
with digital twins



The Material Banks platform for 
components and materials reselling

Component and material banks are key 
repositories of valuable metal stocks in 
today's modern economy. These banks 
are enabled by new intelligent 
identification systems that allow the 
geolocation of material/component 
stocks. They apply inventory quality 
control processes and allow exchanges 
between companies and users to 
guarantee efficient metal use. Also, even 
when stock is on loan, ownership rights 
and responsibilities are transferred 
through the banking system.

Components and materials banks

Component and material banks are repositories of 
valuable stocks that play a key role in today's 
modern economy. These banks are enabled by new 
intelligent identification systems that allow the 
geolocation of material/component stocks. These 
banks apply inventory quality control processes and 
allow exchanges between companies and users.



The practice of selling components of 
used and surplus items, even in small 
quantities, is now commercially 
profitable thanks to the application of 
autonomous decision-making processes 
based on machine learning. Computers 
can bid, negotiate, and pay for 
components, materials, or services via 
machine-to-machine communication. 

Autonomous marketplace of 
components



The toaster shows how 
many times it has been 
used

In 2050 consumer products can monitor 
their usage patterns and continuously 
assess their state and their usage time. 
On the basis of this, products provide a 
range of advices to the users. For 
example, if the product is under utilised 
or not used for a long period of time, the 
user is advised to sell the product or 
terminate the service agreement with 
the provider. Products can also provide 
insights on how to improve usage to 
optimise energy consumption in use. 

Autonomous household products



Information at the driver's 
hand to determine the 
condition of the vehicle and 
the best performance

Due to developments in electronics and 
intelligent materials, most high-value 
products now have interfacing materials 
that can communicate information with 
humans or non-humans. Nanosensors 
coated on metals through a 
electrodeposition process can capture 
data on temperature, performance, 
proximity, and product condition. 
Collected data is used to anticipate the 
status of the product, as well as to plan 
maintenance and repair, and advise the 
user on recommended practices.

Nanosensors embedded in metals to 
gather life cycle data

IMAGE TO 
PURCHASE
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VISION 07
Full metal packaging

"The beverage industry is about to go through 
a significant shift in consumer behaviour. 

Clearly, an effective behaviour change 
campaign will be required."

Expert n. 6

SNAPSHOTS FROM THE FUTURE:

1. Pure Metal

2. Packaging deposit schemes

3. Milkman model

4. Refilling station

5. Reusable packaging on-the-go

6. Reverse vending schemes
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Full metal packaging

Single-use packaging is used only when 
strictly necessary, and metal is the most 
used material in the packaging sector, 
for its quality in preserving food quality, 
prolonging shelf life, and safeguarding 
food from contamination. The majority of 
packaging is intended to be reused 
numerous times before being recycled to 
complete the resource cycle
Multiple reusable packaging models, with 
different degrees of user responsibility, 
are available in 2050, including 
packaging deposit schemes, reverse 
vending schemes, milkman model and 
reusable packaging on-the-go.



Barriers to the vision Opportunities and enablers 
for the vision

TECHNOLOGICALSMEs lack resources for reusable packaging -  
Barriers to SMEs accessing or developing novel 
technology and infrastructure in order to make the 
switch to reusable packaging.

Activating system-level change through 
collaboration and organisation - Enabling 
collaboration and organisation among all 
stakeholders across the value chain to activate 
system-level change and establish the infrastructure 
required to build a standardised reusable system 
(WEF, 2021).

ECOLOGICALCircular business strategies are expensive - The 
deployment of circular business models and the 
associated reverse logistics face significant 
challenges in terms of cost and environmental effect.

Reduce supply chain length and transportation 
distance - Several aspects of reverse logistics, such 
as packaging cleaning, can be done regionally, 
reducing supply chain length and transportation 
distance. Systemic approaches, such as reusing 
software, can be controlled at the (inter)national 
level, establishing common tools (e.g. applications), 
protocols, and communication strategies (Brazão et 
al., 2021). 

User change is difficult due to reliance on linear 
economy - Change in behaviours is difficult for users 
due to their reliance on the linear economy and the 
effort involved in using reusable packaging.

Incentivising customers to reuse packing 
containers - Bars, grocery stores, and supermarkets 
could become more reuse-friendly by incentivising 
customers to bring their own packing, developing 
and promoting reusability in the store, teaching 
employees to require reusable containers, and 
offering discounts to customers who bring their own 
(Erts et al., 2017).

SOCIAL

ECOLOGICALLack of circular and sustainable metrics - Circular 
and sustainable metrics and tools such as LCA for 
the packaging business are lacking or not suitable - 
e.g., LCA does not take into account fleet emissions, 
material prices or local collection and sorting (CISL, 
2020).

Collaboration to establish packaging industry 
standards - By working together, firms, research 
centres, investors, and regulators may co-develop 
and establish a rigorous set of standard 
measurement frameworks and tools tailored to the 
packaging industry. 
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Barriers to the vision Opportunities and enablers 
for the vision

POLITICALInfrastructure is a barrier to reusable packaging - 
Reusable packaging systems are hindered by a lack 
of infrastructure.

Policy support for reusable packaging systems - 
Policy support, private and public investments in the 
creation of a standardised system of reusable 
packaging to reduce operational costs, create 
necessary economies of scale, and maximise the 
environmental benefits of reusable packaging 
systems (Brazão et al., 2021).

ECONOMICSSME business models need to evolve - Dependency 
on linear economy and infrastructure for SMEs to 
change their business models.

Incentives for proactive businesses, penalties for 
laggards - Tax incentives or other policies that 
reward forward-leaning businesses and penalise 
laggards.

Complexity in the circular supply chain results in 
food insecurity - Circular supply chain complexity 
may lead to higher food prices, leaving low-income 
communities with fewer options and less access to 
convenient meal solutions.

Many stakeholders, one goal, one roadmap - To 
avoid unintended consequences in the packaging 
industry's transition to CE like food insecurity, the 
entire value chain must be aligned on long-term 
objectives and roadmaps (Cornaby, 2020).

SOCIAL

POLITICALLack of interdisciplinary point of view - When it 
comes to food waste and loss, packaging accounts 
for only approximately 5% of the entire carbon 
impact.

Incentivise community-based food systems for 
health - Incentivise a systemic view of the food 
supply chain that considers a more local and 
community-based approach to encouraging 
sufficiency, healthy diet and, therefore, a healthy 
lifestyles.

Lenses of analysis

65

https://rethinkplasticalliance.eu/wp-content/uploads/2021/07/Packaging-Reuse-Systems_Study_Final_July2021corr.pdf


Unlike in the past, cans 
are today made of the 
same aluminium alloy

Packaging makers today use a relatively 
small variety of alloys and construct their 
own containers with the same kind of 
metal (i.e. monomateric packaging) in 
order to preserve the purity of the metal, 
whether it is aluminium or steel.

Pure Metal



An icon indicating that 
grocery store packaging 
should be returned

All UK supermarkets have agreed on a 
standard reusable packaging system, 
which is shared among all supermarket 
brands. Today, supermarkets can recover 
and reuse each other's packaging. Aside 
from the packaging, which comes in a 
variety of forms and sizes, the only 
difference is the label. This can be readily 
applied, removed, reused or recycled. 
Users pay a deposit at the time of 
purchase, which is refunded when the 
package is returned.

Packaging deposit schemes



The containers are custom 
designed by the brands

The containers are 
transported in a suitable 
boxes or bags

Today most of the shopping is done 
directly from home rather than in 
conventional places such as 
supermarkets. Whenever possible, 
reusable packaging is used to deliver 
food & beverage, personal care items and  
products. Empty packaging is taken back, 
sanitised and reused. To reduce 
environmental impact, delivery and 
collection is optimised and carried out 
using electric vehicles. 

Milkman Model

Today, following the revolution of online supermarket 
platforms caused by the COVID-19 emergency in 
2020, most of the shopping is done directly from 
home rather than in conventional places such as 
supermarkets. Supermarkets and other third-party 
organisations will deliver groceries and collect used 
packaging, which is then washed and reused.



Large metal 
container for 
storing soap at 
retail 
establishments

Aluminum bottle which is 
used by consumers multiple 
times

Refilling stations have become common 
for food & beverage, and personal care 
and home care products. Reusable 
packaging can be borrowed from the 
store or brought in by the customer. 

Refilling station



Tap for the supply of 
liquid soap

A cart that travels throughout the city 
with a supply of liquid soap.

Reusable packaging has become 
mainstream for take-away and on-the-go 
solutions. Single-use packaging is only a 
vague memory thanks to an integrated 
reuse system used by the entire 
restaurant industry. Thanks to these new 
reuse models managed by third party 
and used by most of the catering sector, 
today all services can provide reusable 
takeaway and delivery packaging.

Reusable packaging on-the-go

Reusable packaging has become mainstream by now. 
Single-use packaging is only a vague memory thanks 
to an integrated reuse system used by the entire 
restaurant industry. Thanks to these new reuse 
models used by most of the catering sector, today all 
services can provide reusable takeaway and delivery 
packaging.
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Container reception chamber. The scanner 
verifies them using bar code and other 
physical features.

Refund of the deposit 
via mobile phone

Today, all metal packaging may be 
returned through reverse vending 
machines. The containers are sterilised 
and reused in large food distribution 
centres. Within the UK, all containers are 
standard and, upon return, the now 
widespread collection machines will 
refund the deposit paid with the content 
to the user. The credit can be repaid in 
various ways depending on the 
preferences of the users.

Reverse vending schemes
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VISION 08
Stop Recycling Start 
Repairing

"There's a new market that we can see 
opening up around how we repair, how 

we collect those vehicles, and what 
happens when they go wrong."

Expert n. 39

SNAPSHOTS FROM THE FUTURE:

1. MHS - Components rejuvenation

2. MHS - Structure rejuvenation

3. MHS - Metal day hospital

4. Micro repair entrepreneurs

5. Self-healing metal
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Stop Recycling Start Repairing

Today's economy is built on the principle 
of repair, while recycling is used less and 
less. It is now possible to easily extend 
the life of metal products and 
components thanks to cutting-edge 
technologies. Specialised companies 
provide new services for the 
maintenance/repair of metal products 
and components, known as the Metal 
Health Service (MHS). This includes 
services such as component 
rejuvenation, structure rejuvenation 
and day hospital.
Due to the presence of several repair 
entrepreneurs, repairing is not only 
accomplished on a large scale, but also 
on a micro and local level.
In addition, due to achievements in 
research and technical innovations, 
materials have improved in terms of 
performance and ability to self-heal. 
Metals’ components can now self-heal 
microscopic cracks, greatly prolonging 
the life of goods.



Barriers to the vision Opportunities and enablers 
for the vision

TECHNOLOGICALRepair is challenging due to materials’ complexity, 
technology, and lack of knowledge - The 
complexity of materials, technologies and a lack of 
specialised knowledge make it difficult to create and 
scale repair solutions efficiently.

Developing frameworks for implementing circular 
capabilities - Businesses need to develop new 
circular capabilities to respond to — and shape — 
changes in their environments. Organisations in the 
public and private sectors can develop frameworks 
for implementing circular capabilities at all levels of 
the supply chain.

ECOLOGICALSmart metals can create new and hazardous waste 
- Advanced and smart metals (e.g. self-repair metals) 
can create new waste streams and hazardous waste 
as an unintended consequence. Furthermore, there 
is a lack of clarity regarding whether these smart 
materials can be recycled in the same way as 
conventional metals.

More research is needed on smart metal recycling 
- To avoid the production of new waste streams or 
hazardous waste, extensive investigation and 
analysis of potential rebound effects and recycling 
approaches are needed.

POLITICALLegal and contractual restrictions may limit 
repairs - Repair activities may be limited by legal 
and contractual restrictions.

Framework is needed to support repair and reuse - 
A contractual/legal framework is needed to support 
repair, longer product lifespans and multiple 
owners/users over a period of time.

ECONOMICSInadequate evidence on the repair economy - Lack 
of information regarding the cost-effectiveness and 
environmental characteristics of these new materials 
and repair techniques in supporting a repair-based 
economy.

Economic studies on repair must be promoted and 
supported - Economic and environmental research 
must be promoted and supported in order to 
establish scientifically that these novel materials and 
methodologies may benefit the transition to a CE.

TECHNOLOGICALBefore commercialisation, intelligent materials 
require safety assurance - While intelligent 
materials and novel repair methods remain a great 
possibility, their quality and safety must be ensured 
prior to their commercialisation.

Reviews of safety and performance - Evaluations of 
safety and performance in a controlled environment 
are required to ensure the long-term quality and 
security of new materials and repair devices based 
on approved scientific evidence. 

Lack of skilled maintenance and repair experts - 
Lack of maintenance and repair experts capable of 
evaluating and carrying out planned maintenance 
and specialised repair activities due to a lack of skills 
and training.

Vocational colleges should include repair 
education - Vocational and engineering colleges 
should include repair education as an essential part 
of their curriculum. Knowledge-driven organisations 
should also be supported and funded to develop 
repair knowledge in specific sectors (e.g. 
qualification in electrical repair).

SOCIAL
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Electropulsive 
treatments

A technician using an 
electropulsation tool

In 2050, most metal components can be 
effectively repaired thanks to new metal 
rejuvenation techniques. Specialised 
companies adopt different technologies 
such as electropulsive technology to 
offer treatment services  to remove the 
‘fatigue’ in metal components and as a 
result extend components’ and products’ 
lifespan. These treatment services are 
delivered in a few hours on a regular 
basis (e.g., for cars, every 100k km). In 
order to facilitate these interventions, 
products are designed to easily and 
quickly access those key components 
that are subject to mechanical fatigue.

MHS - Components rejuvenation

In 2050, most metal components can be effectively 
repaired thanks to new metal rejuvenation 
techniques. Specialised companies adopt 
electropulsive technology to offer treatment services  
to remove the ‘fatigue’ in metal components and as 
result extend components’ and products’ lifespan. 
These treatment services are delivered in a few hours 
on a regular basis (for example, for cars, every 100k 
km). In order to facilitate these interventions, 
products are designed to easily and quickly access 
those key components that are subject of mechanical 
fatigue.



Electro pulses are delivered 
at bridge structures using 
magnet robots.

Through the use of electropulsation and 
other technologies, large structures such 
as bridges and buildings can be 
rejuvenated in order to remove 'fatigue' 
from their metal components and, as a 
result, their service lives can be 
prolonged. These healthcare services are 
given on a regular basis.

MHS - Structure rejuvenation



X-ray inspection to identify 
cracks in the chassis and other 
structural components

Today, the use of metal ‘hospitalisation’ 
centres is a common practice.  
Specialised companies run these centres 
providing services to treat serious 
damage to metal components. Metal 
component faults can be identified using 
various technologies such as X-ray, 
ultrasonic, surface roughness 
measurement, and other non-destructive 
methods. Once the analysis has been 
carried out, various repair treatments, 
based on the electro pulse technology, 
can be carried out to repair and prolong 
the life of components.

MHS - Metal day hospital



Today,  the UK has a thriving repair 
economy, with micro repair 
entrepreneurs providing local services to 
consumers and businesses. These 
entrepreneurs are exceptionally 
proficient at repairing everything. They 
use innovative techniques and tools to 
repair items quickly and efficiently. As 
more consumers use high-quality metal 
products, the demand for micro repair 
services has increased significantly 
during the previous three decades. For 
this reason, micro repair entrepreneurs 
are a vital part of the UK repair economy 
as they help to reduce waste and 
conserve resources.

Micro repair entrepreneurs
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The engine part's metal 
is self-repaired

Self-healing metal materials are widely 
used in today's products and buildings. 
Developing self-healing metals with 
microcapsules that release ‘ingredients’ 
to cure damaged or corroded metals has 
required decades of incremental 
research. This technology is now widely 
used to address wear and tear, minimise 
material failure costs, and lower the 
costs of different industrial processes by 
prolonging component life.

Cracks

Self-healing metal



VISION 09
Repair-it-yourself (RIY)

"So, talking about incentivizing more circular 
materials, you might think about repairability. that 

brings up a lot of questions about behavior, and the 
relationship of people users with manufacturers with 

that product during its lifespan."

Expert n. 46

SNAPSHOTS FROM THE FUTURE:

1. RIY- Repair digital platforms

2. RIY- First-aid repair kit

3. RIY- Repairs technologies

4. School-based repair courses

5. Repair community centres
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Repair-it-yourself (RIY)

People nowadays own fewer but 
higher-quality products. They are used to 
looking after their items and perform 
maintenance and repair tasks. The reuse 
and repair economy has outgrown the 
old throwaway approach, making it 
quicker and more convenient for 
customers to repair broken or damaged 
things rather than throwing them away 
and purchasing new ones. Thanks to 
courses provided in schools, 
maintaining and repairing products has 
become common knowledge. People can 
also learn and share practices in repair 
community centres.
Repair kits are becoming increasingly 
widely available. Customers use them to 
fix simple metal components on their 
own, which saves them money and time. 
In addition, repair technologies such as 
augmented reality are being used by 
people to fix more sophisticated items.
Companies, on the other hand, are keen, 
for competitive and regulatory reasons, 
to facilitate these activities. Repairability 
is a key criterion for users when

selecting products and brands. Users can 
obtain this type of information from any 
digital platform available today, in 
addition to instructions on how to do 
maintenance and repairs.



Barriers to the vision Opportunities and enablers 
for the vision

TECHNOLOGICALDesign prevents easy repair - The design of the 
product is a major impediment to repair.

Create metrics for repairable product design - New 
circular metal design metrics should be developed to 
encourage corporations to design products and to 
establish conditions that lead to repairability 
(DEFRA, 2021).

ECOLOGICALxxxx xxx

POLITICALxxx Through legislation and incentives (e.g. tax 
reduction) government has the ability product design 
and influence the competitiveness of repair services 
( Svensson-Hoglund et al., 2020).

No incentive to repair after guarantee expires - 
There are no incentives for users to prolong the life 
of their products by repairing them after the 
guarantee has expired.

Enhance financial repair operations for 
non-warranty items - The government can 
incentivise companies and users to repair the failed 
product even after the warranty has expired through 
repair credit (e.g. maximum credit of £500 per year 
to users), tax breaks for companies to extend 
guarantee programmes, subsidies, or other financial 
incentives. 

SOCIAL

POLITICALRepairability raises legal and quality concerns - 
Reparability raises questions about product liability, 
quality assurance, and accountability, as well as 
whether or not the service is provided by qualified 
workers.

Coordinate with regulators to update product 
repair laws - It is important to work with regulators 
and local authorities to examine how changes in 
product repair regulations may affect the rights and 
duties of businesses and consumers under general 
civil and consumer law (DEFRA 2021).

POLITICALLack of support for non-traditional repair options - 
Inadequate contractual/legal framework and 
insurance mechanisms to support alternative repair 
options, such as independent repair or household 
repair.

Specifying risks/liabilities for component/product 
performance - It is necessary to establish a 
legal/contractual framework specifying shared 
risk/liability for component and product 
performance. Open source knowledge regarding 
repair methods, as well as blueprints for 
decentralised/distributed manufacturing (3D 
printing), may help alleviate the negative 
repercussions of the centralised distribution of repair 
components and materials.

POLITICALLack of an internationally recognised repairability 
index - Lack of a repairability index that takes into 
account the range of "repairability" metrics and the 
views of potential repair stakeholders, including 
manufacturers, independent companies and 
households.

Establish repairability index to compare repair 
options and safety - Establish a repairability index 
that considers the range of repairability metrics and 
the views of potential repair participants. This index 
could be used to help manufacturers, independent 
companies and households make informed decisions 
about repair options.

POLITICALRepair services provided by non-OEMs risk 
liability issues - Regulatory concerns may prevent 
repair providers from repairing product if not 
affiliated with OEMs.

Regulate professional repair services to support 
maintenance - Develop an integrated regulatory 
framework that would allow professional repair 
providers to maintain products without liability 
issues.
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Online retailers advise users on 
how to repair goods purchased via 
the app at home

In 2050 companies are required to 
provide a repairability index for all their 
products. The index measures how easy 
it is for users to repair products, and 
includes criteria such as availability of 
spare parts, ease of disassembly and so 
on, and a minimum threshold must be 
achieved. It is a compulsory requirement 
for all companies worldwide. The 
repairability index is also displayed by 
online retailers. Online retailers also 
provide maintenance and repair 
recommendations through their digital 
platforms. Evaluating the ease of 
disassembly of the product, the 
availability of spare parts and technical 
documentation are now crucial aspects 
for users before making any purchase.

RIY- Repair digital platforms

In 2050, all consumer products are designed to be 
repaired by the user. Repair is one of the most 
important parameters for users. For this reason 
companies compete to design the most repairable 
products possible. Online retailers provide 
indications on the repairability index of products and 
brands through dedicated platforms. They  also offer 
advice on how to maintain and repair products.



Metal repair kit to keep at home 
at all times

Putty for the repair of 
different high 
performance metals

The acceptance of imperfection and the 
'imperfect' aesthetics of mended 
products are increasingly appreciated in 
contemporary society. Today, repair kits 
for virtually any material are accessible, 
enabling consumers to appreciate 
imperfection through self-restoration. As 
a result, users develop emotional 
attachments to their products.

RIY- First-aid repair kit



Visible information for the repair 
of a car through augmented 
reality glasses

General information 
on car components

Advanced technologies, such as 
augmented reality, are largely 
incorporated into almost all 
technological devices and allow users to 
perform disassembly and repair of 
complex items. For example, augmented 
reality apps and glasses enable 
customers to independently fix their 
products by following visual instructions. 
This and other technologies allow the 
user to repair only what is safe for them 
without putting themselves at risk. When 
a specialist is needed for a more difficult 
repair, those technologies give 
information on the best qualified 
professional.

RIY- Repairs technologies

Advanced technologies, such as augmented reality, 
are largely incorporated into almost all technological 
devices and allow users to perform disassembly and 
repair of complex products. For example, augmented 
reality apps and glasses enable customers to 
independently fix their products by following visual 
instructions. This and other technologies are used 



Children learning how to fix 
a drone at school, instead of 
buying a new one 

Experienced repairers who are 
employed by schools to teach the art 
of repair

Primary schools play a key role in 
educating children about product 
maintenance and repair. Schools have 
included ‘maintenance and repair’ in 
their curriculum and have dedicated 
spaces to carry out these activities in 
practice.

School-based repair courses



Repair expert

Community person learning how to 
fix their toaster

Repair is an aspect of many people's 
everyday lives today. Dedicated spaces 
within communities are available to allow 
groups and individuals to have access to 
repair tools and knowledge from 
professionals. Repair has evolved into an 
activity that brings people together and 
supports communities in becoming more 
resilient and sustainable.

Repair community centres



VISION 10
The logic of 
sufficiency

"We need to live within the 
planetary boundaries, and 

we need to do it now."

Expert n. 54

SNAPSHOTS FROM THE FUTURE:

1. Multigenerational products

2. Open library of things

3. Emotional attachment

4. MyMetal

5. Deliveries once a week
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The logic of sufficiency

depending on the postcode area in which 
the client lives.

In 2050, people are becoming more 
aware of the ethical implications of 
overconsumption and are beginning to 
adopt a more sustainable approach to 
consumption. People tend to possess 
fewer, higher-quality products, which 
reduces material usage and can be 
passed down through generations 
(Multigenerational products).
The trend towards sustainable 
consumption is being pushed by 
initiatives such as MyMetal, which limits 
the amount of metal each person can 
own, and by the popularity of open 
libraries of things, which are locally 
owned stores that allow people to borrow 
items instead of buying them.
However, individual ownership is still 
important for certain products, as people 
form emotional attachments to these 
items and want to keep them for as long 
as possible. 
To reduce emissions associated with 
product transportation, large and small 
retail companies now deliver and pick 
up products only once a week,



Barriers to the vision Opportunities and enablers 
for the vision

TECHNOLOGICALAdoption of new circular business models is 
difficult - Emerging business models based on 
product sharing are less appealing because they lack 
flexibility and simplicity for both the businesses and 
the users.

Government incentives for new business model 
development and experimentation - The 
government can offer incentives to businesses who 
adopt new technology and share infrastructure. 
These can make the sharing economy more 
accessible and flexible for consumers, as well as 
provide economic benefits for users in terms of 
affordable access to commodities.

ECOLOGICALInability for businesses to shift focus to CE and 
sufficiency - Businesses continue to operate under a 
strong capitalist profit-driven model, rather than 
focusing on metal consumption reduction.

Incentives and political considerations for a 
radical CE - Concentrate national discussion, 
incentives, and political considerations on more 
radical aspects of the CE, such as reducing metal 
production and consumption and redesigning 
products to be reused safely, cost-effectively, and 
efficiently.

POLITICALEnsuring sufficiency is a political and leadership 
challenge - There is a lack of political will and 
leadership in sufficiency businesses since they are 
not providing significant economic benefits.

Develop new economic metrics - Definition and 
application of novel indicators for measuring the 
circular economy that promote distinct metrics when 
compared to the typical linear economy indicators 
(Moraga et al., 2019).

ECONOMICSSufficiency may generate social issues - 
Sufficiency may lead to lack of growth, 
unemployment and deterioration of social 
well-being.

More studies on sufficiency and its potential 
rebound effects are needed - Additional research 
should be funded to have a better understanding of 
how to manage the transition to a sufficiency-based 
society rather than a growth-based society.

Impulsive consumption - Compulsive buying 
disorder can be a challenge to the transition to a 
sufficiency-based economy.

Encourage more sustainable behaviours through 
many strategies - The government might promote 
more sustainable habits through education, 
advertising, campaigns, labelling, and social media.

SOCIAL

Lack of understanding - Lack of understanding 
and/or willingness by the users to engage in CE.

Point-of-sale systems must be upgraded to 
provide better data to customers - Businesses 
should prioritise improving information provision at 
the point of purchase (e.g., on labels or provided by 
manufacturers) as a means of encouraging 
customers to embrace CE behaviours 
(Cerulli-Harms, 2018).

SOCIAL

Lenses of analysis

87

https://www.sciencedirect.com/science/article/pii/S092134491930151X
https://ec.europa.eu/info/sites/default/files/ec_circular_economy_final_report_0.pdf


Consumption habits have shifted 
significantly over the years. Many more 
consumers of today prefer fewer but 
higher quality products. These products 
are designed to be multigenerational and 
be passed down from generation to 
generation.
Instead of replacing products, consumers 
are more likely to repair or 
technologically upgrade them. Used 
goods are in demand because of their 
ethical value. This has also contributed to 
the proliferation of maintenance and 
upgrading services.

Multigenerational products

Consumption habits have shifted significantly over 
the years. Many more consumers of today prefer 
fewer but higher quality products. These products 
are designed to be multigenerational and be passed 
down from generation to generation.
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Automatic systems for booking 
and collecting products

Automated walls that hold 
rentable goods

Today, owning a drill to make a hole in 
the wall once a year no longer makes 
sense. Products that are used 
occasionally are no longer owned by 
users, but are instead borrowed from a 
Library of Things. Because consumers 
may book and pick up goods on their own 
24/7, borrowing goods is becoming more 
popular in neighbourhoods. The majority 
of the Library of Things is now a 
collaborative effort between 
communities and businesses.

Open library of things



Skin (long lifetime, high 
emotional value - owned)

Organs (short lifetime, low 
emotional value - leased)

Skeleton (long lifetime, 
low emotional value - 
leased)

In today's society, people have fewer but 
higher quality products to bond with than 
in the past. In the case of technological 
products, companies have developed 
upgrading services for components that 
become obsolete, allowing users to 
establish long-term ownership with those 
components (typically the outer shell) to 
which they usually create emotional 
attachment.

Emotional Attachment



Due to the scarcity of metal and other 
materials, ownership is increasingly 
regulated. There is now a maximum 
allowance of metal that each individual 
can own simultaneously. This has pushed 
users to own fewer and higher quality 
products that can be passed down 
through generations.

MyMetal



Deliveries Once a Week

In 2050 home products delivery is 
regulated in order to be more efficient 
and have lower emissions. Product 
delivery is now restricted in order to limit 
the number of deliveries per week. 
Logistic actors play an important part in 
delivering products to customers, based 
on their postal code, once a week. 
Moreover, all deliveries are made by 
electric vehicles. This helps to reduce 
traffic and pollution, and also cuts down 
on the number of delivery vehicles 
needed. 

In 2050 home products delivery is regulated in order 
to reduce the amount of deliveries. Today, people 
receive product deliveries once a week based on 
their post code. Delivery companies keep all the 
items ordered until that day. A delivery is made for all 
previous orders at once. On the same day, users can 
also return unused items.



SNAPSHOTS FROM THE FUTURE:

1. The renaissance of secondhand 
markets

2. Remanufacturing and refurbishment 
services become core offerings

3. Cascade Reusing 
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Reusing, remanufacturing, and repurposing

In 2050, the UK is a world leader in 
reusing, remanufacturing, and 
repurposing products. UK waste 
management systems were originally 
built to handle the 'take-use-dispose' 
economy, but this has changed. 
Single-use items are a thing of the past, 
as more and more products are intended 
to be reusable, remanufacturable, or 
repurposed. The UK government has 
supported a radical shift in pace, 
encouraging the reuse of goods rather 
than the production of raw resources, via 
a vast infrastructure adjustment. 
Consumers were educated on the 
benefits of buying products that are 
made to last or repurposed. 
Currently, products are designed with 
repairability and upgradeability in mind, 
and manufacturers offer extensive repair 
and replacement options. As a result, the 
product recovery business is 
well-established and well-connected. 
Stable employment in remanufacturing 
and repurposing is a major source of 
economic growth.



Barriers to the vision Opportunities and enablers 
for the vision

TECHNOLOGICALLack of circular skills - Inadequate skills and 
expertise in areas such as product design that 
eliminates or minimises waste, infrastructure 
operation, and material handling.

Organisations should provide upskilling and 
reskilling training to their employees - 
Undergraduate courses in CE should be developed 
by colleges and institutions that have a strong focus 
on different aspects of the CE. Organisations should 
also provide employees with training in upskilling 
and reskilling in order to increase their capacity (De 
los Rios et al., 2016; Hina et al., 2016).

ECOLOGICALDesigning for reusing, remanufacturing, and 
repurposing is complex - It is difficult to design the 
interactions between different life cycles, as well as 
the value that stakeholders could achieve for each 
life cycle.

New circular design frameworks should be 
established - Design frameworks should be 
developed to help stakeholders understand the 
various incentives and disincentives that are in place 
in the reuse, regeneration, and cascading economy. 
These can help stakeholders better understand how 
different life cycles are managed and how value is 
created in each life cycle.

Reticence of users to buy used products - Users 
have a negative impression of used, remanufactured 
or refurbished products and are hesitant to purchase 
them.

A better understanding of consumer product 
evaluation is necessary - A deeper understanding 
of how consumers evaluate different used, 
refurbished and remanufactured products is 
necessary for corporations and designers to better 
understand the specifics of redistribution (Mugge et 
al., 2018).

SOCIAL

TECHNOLOGICALScarcity of innovative mass automation 
technology for remanufacturing - There is a lack of 
use of innovative mass automation technology that 
would make remanufacturing easier, faster and more 
cost-effective.

Cooperation for the advancement of 
remanufacturing technologies - To make 
remanufacturing easier, faster, and more 
cost-effective, the public and commercial sectors 
should work together. This would involve a 
considerable initial investment, but would save 
money and time in the long term.

Large-scale remanufacturing plants require public 
and private funding - Public and private sectors 
should support the development of large-scale, 
automated and semi-automated remanufacturing 
plants for products with a high metal content (e.g., 
cars) that are ideal also for refurbishing, repair, and 
service.
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Barriers to the vision Opportunities and enablers 
for the vision

POLITICALNational and international standards are required - 
To ensure that recovered items are of the highest 
quality, national and international standards, such as 
quality approval certifications, are required.

Organisations should ensure quality of recovered 
products - Organisations should implement quality 
assurance systems to assure the greatest possible 
quality of recovered products. These procedures may 
include ensuring that all recovered goods adhere to 
the quality standards established by organisations 
such as ISO, CEN or BSI.

ECONOMICSRemanufacturing requires long-term investment 
and labour-intensive activity - Maintenance, 
particularly in remanufacturing, requires a long-term 
investment by asset owners and a labour-intensive 
activity (e.g. disassembly, cleaning, inspection, 
testing) that can be too costly for some businesses.

Encourage remanufacturing through public 
investment and data sharing - Changing to a 
business model that encourages remanufacturing is 
an investment, and those who are willing to take the 
risk should be supported in their endeavours by 
public funding, sponsored research, and data-sharing 
(Benoy et al., 2014).

POLITICALNot enough tax incentives for high-risk investing - 
Investing in high-risk new industries/markets is not 
encouraged by enough tax incentives from the 
government.

Tax incentives can encourage companies to invest 
- The government can use tax incentives/credits, 
exemptions, or rate reductions to give direct benefits 
to stimulate and encourage companies to invest in 
and develop infrastructure for the used, refurbished 
and remanufactured product industries/markets. 
Taxation of new products is another option that could 
be considered (Benoy et al., 2014).

POLITICALLack of clear IP guidance hinders industry 
transformation - Inadequate IP management 
guidance and ambiguity around repair, 
reconditioning, refurbishing, and remanufacturing 
are major obstacles to industry's circular 
transformation (Hartwell et al., 2016).

Legislators should ensure clarity on IP 
management for different recovery approaches - 
Legislators should issue sector-specific intellectual 
property management recommendations and define 
the legal definition of repair, reconditioning, 
refurbishing, and remanufacturing (Ballardini et al., 
2020).

Different recovery procedures and jargon can be 
confusing for end users - Customers are confused 
by the various recovery methods and their 
associated terminology, and there is inconsistent 
information regarding the repairability or recycling 
of products.

Consistent and easily accessible information about 
recovery - Businesses should provide customers 
with clear and consistent information about the 
various ways of recovery and the terminology 
connected with them. Additionally, through clear 
labelling and online resources, this information 
should be consistent and easily accessible across 
commodities, products and sectors (DEFRA, 2021).

SOCIAL

Legislators should promote a better balance of 
private and public interests to help businesses build 
more circular products and services (Ballardini et al., 
2020).
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The second-hand economy now employs 
a considerable number of people. 
Thousands of online marketplaces for 
selling, sharing, lending, renting, 
exchanging and donating goods 
dominate the market. While most of 
these are B2C, there are also several C2C 
and B2B marketplaces.

The renaissance of second-hand 
markets



Beginning of a remanufacturing process

While remanufacturing and 
reconditioning of products was 
previously limited mainly to aerospace, 
automotive, heavy duty, and off-road 
equipment, now it has become a viable 
business model for many industries also 
in B2C due to improved product and 
service design. The former 
manufacturing industry has mostly been 
turned into an industry devoted to 
inspection, disassembly, repair, 
reassembly, testing, and other 
remanufacturing-related operations. 
Around 2030, businesses began 
reskilling and upskilling their employees 
in remanufacturing in order to transition 
their operations to this industrial 
process.

Remanufacturing and refurbishment 
services become core offerings



Shipping containers are modular, 
standard and of the highest quality, 
making these products reusable for 
different purposes

Today, the reuse economy is flourishing 
in the UK. Metal cascade reuse is a key 
part of this economy, with businesses 
and government working together to 
ensure that metal resources are reused 
as much as possible. This was made 
feasible by a new law mandating the 
reuse of high-value items and 
components. The success of cascade 
reuse is heavily dependent on the design, 
i.e. products that can be used in multiple 
ways, or that can be broken down into 
smaller products that can be used on 
their own. For instance, an intermodal 
container can be used initially as a 
structure to store and transport goods, 
then as a dwelling, then as sheet metal 
for construction works, and finally as 
recyclable material.

Cascade Reusing 

The majority of items in 2050 are utilised in cascade 
by various businesses, according to a legislation 
created in 2025 that requires high-value 
components and products to be reused multiple 
times.



VISION 12
Better metal recovery, sorting, upcycling 
and recycling

“We're used to having a lot of fracturing plants, but what we 
really need are disassembly facilities, not just assembly 

ones, so that the materials can be recycled or used again in 
a higher-quality supply chain with fewer losses.”

Expert n. 16

SNAPSHOTS FROM THE FUTURE:

1. Open distributed demanufacturing 

2. Closed distributed demanufacturing 

3. Disassembling pods

4. Industrial upcycling

5. Urban Mining

6. Smart waste management system

7. Landfill scavenging 

8. Micro mobile foundry and upcycling 
workspaces
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Better metal recovery, sorting, upcycling and 
recycling
The reuse of material lies at the heart of 
today's most successful businesses. 
Open distributed disassembly (allowing 
for metal reuse by third parties) or 
closed distributed disassembly 
(components can be reused for the same 
initial function in closed loops) are 
common and cost-effective industrial 
practices used by the majority of 
businesses to disassemble small and 
medium-sized products, components 
and materials. Also, effective and quick 
disassembling pods are utilised for large 
structures, especially in remote 
locations.
Recovering underutilised value has never 
been more critical than it is today. 
Intelligent waste management systems 
facilitate collection and transport, 
through vacuum tube systems, to waste 
transfer stations. When reusing metal 
products is not practicable, industrial 
upcycling is the best option for 
recovering the material's value. Urban 
mines are another way to recover 
material value quickly and economically,

especially in urban areas. This is possible 
by modern technological and design 
methods that make the disassembly 
process much simpler. In addition, even 
old landfills may be safely and 
sustainably mined for metal today 
(landfill scavenging), making it viable to 
reclaim metal from them. This is a 
significant advancement in recycling 
processes since it improves the quality 
and purity of the material recovered. 
Finally, micro mobile foundry and 
upcycling workspaces have become 
widespread. But technological 
advancement did not end with the 
recycling of current materials.



Barriers to the vision Opportunities and enablers 
for the vision

TECHNOLOGICALSupply chain and procurement influences - Supply 
chains and procurement routes must be diversified 
and improved in light of changes in regulations, 
business models, design and consumer behaviour.

Active sharing of policies, technology, and 
experiences - Developing global CE trade and sales 
requires important and successful stakeholders to 
actively share policies, technology, and experiences 
with partners. Additionally, research and academic 
institutions are suitable players for disseminating 
successful case studies (Hopkinson et al., 2018).

ECOLOGICALA systematic approach for quantifying circularity 
is lacking - Despite the critical nature of adopting 
circularity indicators connected with recovery, 
recycling, reuse, and refurbishment, a systematic 
approach for quantifying circularity is lacking.

More research is needed to understand how to 
quantify circularity - Several circularity indicator 
methods are available or have been outlined at 
different phases of the product life cycle, sectors, 
and markets (Trollman et al., 2021; WBCSD, 2021; 
Pollard et al., 2022). However, due to the CE's 
complexity and systemic nature, the relationships 
between different variables, system levels and 
rebound effects are still largely unresolved. As a 
result, additional research is necessary to 
characterise the full scope of effects and to advance 
the total quantification of impacts (Harris et al., 
2021).

ECONOMICALSufficiency may lead to lack of growth, 
unemployment and deterioration of social 
well-being.

Additional research should be funded to have a 
better understanding of how to manage the 
transition to a sufficiency-based society rather than 
a growth-based society.

TECHNOLOGICALSMEs lack specialised circular advanced 
technology - Technological barriers for SMEs, 
particularly in terms of acquiring and/or conducting 
R&D on specialised circular advanced technologies, 
are limiting the growth of capabilities across the 
metal industrial sector.

Technology-specific sustainability regulations are 
needed - As technology evolves, businesses must 
rethink their capital investment strategy. To prepare 
for the green and circular technological transition, 
policymakers should collaborate with industry, 
academia, and NGOs. The implementation of 
technology-specific sustainability regulations, 
especially for SMEs, requires new and/or upgraded 
policy instruments that provide certainty, flexibility, 
and inclusiveness. (Söderholm, 2020).
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Barriers to the vision Opportunities and enablers 
for the vision

POLITICALVast interest from big companies - Industrial 
lobbyists are powerful, and they will fight any 
attempt to impose a top-down policy encouraging a 
shift towards circularity.

Develop a network of circular advocates to place 
pressure on government and corporations - Build a 
movement of CE advocates who can pressure 
government and businesses to adopt policies and 
practices that promote a CE. This will require building 
coalitions with environmental groups, social justice 
organisations, and others who are concerned about 
the negative impacts of the current linear economy.

ECONOMICALIt is very energy intensive to recycle materials, and 
this can often offset the benefits of extending the life 
of a product.

Trade-off between material recycling and product 
life extension due to high energy use for recycling 
and reduced waste supply for long-life products.

POLITICALEmphasis on recycling at the expense of other 
methods of recovery - There is an excessive 
concentration on recycling at the expense of other 
forms of circular recovery.

Promote sharing and reuse instead of recycling - 
To shift the primary focus away from recycling and 
towards other forms of recovery, investments should 
be made to promote sharing and reuse programmes 
and to increase the maintenance, repair, 
refurbishment, and remanufacturing sectors (Welsh 
Government, 2021).

POLITICALOEMs are not held accountable for their activities - 
Original equipment manufacturers (OEMs) should be 
made accountable for their own activities and 
products.

Establish and maintain a robust compliance 
programme -  A better and more extensive 
compliance programme is required to assist prevent, 
identify, and address any illegal or unethical activity 
by OEMs. A third party would need to regularly 
assess the compliance programme to ensure its 
efficacy. Strict penalties should be imposed on OEMs 
who do not comply with it.

This transition will result in less metallurgical 
production - The transition to more durable and 
circular products will result in a decline in 
metallurgical production, resulting in labour 
disruption with potentially negative effects for 
society.

Circular metal economy requires improved social 
economy understanding - Transitioning to a CE is 
expected to result in a net improvement in 
employment rates (Lanzi et al., 2020). Numerous 
legal mechanisms can be adopted to assist 
adjustment and transition to new green jobs, as 
detailed in the RE-CE policy package (Chateau et al., 
2020). However, a more detailed understanding of 
local and sectoral dynamics is critical to allow social 
economy groups to promote CE knowledge within 
their societies (OECD/EU, 2022).

SOCIAL
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Robotic arm for human-machine 
cooperation in product 
disassembling

Disassembled metal components that 
can be reused in new products

In order to comply with new, more 
stringent regulation on product 
end-of-life, some manufacturers have 
decided to adopt open-standard 
disassembly solutions to enable 
third-party companies to disassemble 
their products and repurpose related 
components and materials. 
Manufacturers are exempt from taking 
care of the end-of-life of their products, 
while third-party companies recover 
value by refurbishing and/or selling 
recovered components and materials.

Open distributed demanufacturing



Specialized robotic arms 
designed to autonomously 
disassemble specific products

All data acquired by cameras during 
disassembly is exclusively shared 
between parties in the distributed 
demanufacturing network.

In order to comply with new more 
stringent regulation, today most 
companies have a distributed system for 
demanufacturing products at the end of 
their life. Manufacturers organise in 
consortiums to share distributed 
demanufacturing lines. This means that, 
rather than transferring products to a 
central location for disassembly, each 
product is disassembled locally. 
Commonly, products are disassembled 
for reuse, refurbishment, or 
remanufacturing. When a product 
reaches the end of its useful life after a 
number of life cycles, the goods are 
disassembled and sent to recycling 
facilities.
The benefits of this system are that it is 
much more energy efficient, as products 
do not need to be transported long 
distances to be dismantled, and it also 
creates local jobs and keeps money 
within the local economy.

Closed distributed demanufacturing 

In order to comply with new more stringent 
regulation on product end-of-life, manufacturers 
organise in consortiums to track, recover, 
disassemble, regenerate, and reassemble products in 
closed loops (with recovered components and 
materials reused by the original company).



Artificial intelligence- 
powered robotic sorting arm

Laser cameras that are able 
to increase the recovery of 
the metal

Geological mines nowadays supply just a 
modest quantity of material. Instead, the 
majority of metals used today are 
sourced from densely populated and 
industrialised areas (e.g. buildings, cars, 
etc.). In 2050 the mining industry uses 
its knowledge to support small 
enterprises in collecting metals and 
other commodities from urban areas. 
With technologies such as AI vision, 
real-time video data, material passports, 
and other technologies, metals are 
detected automatically, saving time and 
money.

Urban Mining



In 2050 disassembly pods can be used to 
carry out decommissioning and 
disassembly in areas where normal 
supply chain linkages are restricted (e.g. 
rural areas, oceans, etc.). Specialised 
crews can disassemble large structures 
on-site and facilitate the recovery of 
materials and components.

Disassembling pods



A wrench made from 
recycled metalToday, alloys are carefully sorted and 

separated according to their composition 
at upcycling facilities. These alloys are 
then sent to be melted down and 
reformulated into the exact same alloys 
as they were originally. This new 
technique of processing alloys without 
compromising the material's quality is 
referred to as industrial upcycling. This 
advancement in upcycling was made 
possible by regulations requiring 
manufacturers to use fewer and 
higher-quality alloys, superior product 
design, and new infrastructures and 
equipment capable of properly 
separating metals of different grades. 
The metal's quality remains steady even 
after several industrial upcycling 
treatments, allowing for a more effective 
closing of metal cycles.

Industrial upcycling

Today metal products and materials are engineered 
to fit into continuous technical cycles. Rather than 
combining different metals, recycling has evolved 
into an upcycling process that strictly uses metals of 
the same grade. This advancement in recycling 
happened as a consequence of a legislation requiring 
manufacturers to use fewer and higher-quality alloys 
and, in part, due to new technology capable of 
properly separating metals of differing grades.
Even after several industrial upcycling processes, the 
metal's quality remains stable, allowing for a more 
effective closing of metal cycles. The metal is almost 
entirely upcycled in the UK using sustainable and 
local processes.



Today, the UK has a smart waste 
management system in place as part of 
the CE. This system includes a variety of 
sensors and smart bins that are 
connected to a central database. The 
sensors are able to detect the type of 
waste that is being deposited in the bins 
and the database is used to track the 
waste and ensure that it is properly 
disposed of.
The smart waste management system 
has helped to significantly reduce the 
amount of waste that is sent to landfill 
sites. In fact, waste is recycled or reused 
where possible. This has had a positive 
impact on the environment and has 
helped to create jobs in the waste 
management and recycling industries.

Smart waste management system

New technologies and regulations have pushed for a 
more efficient, faster, and hygienic waste collection 
process in 2030. The modern subsurface vacuum 
transportation systems separate and transport 
waste. People can use smart and interactive point 
systems to better separate their waste. Citizens' 
waste is collected via the smart bins and stored in 
local urban depots.



As metals become scarce in the 2020s, 
new methods were developed to recover 
metals wherever possible. One of the 
most cost-effective options has been to 
recover metals from historical landfills 
via the use of technology such as 
high-mobility dynamic mining robots 
capable of excavating, locating, 
selecting, and recovering metals within 
covered landfills. Along with the metals, 
the methane released within the landfill 
could also be recovered, eliminating 
environmentally damaging emissions.

Landfill scavenging 



A group of entrepreneurs 
who have just invested in a 
united workspace

In 2050 technological advancements 
have enabled smaller equipment to melt 
and pulverise scrap metal for 3D printing 
applications. Thanks to this, it is possible 
to establish micro mobile foundry and 
upcycling workspaces and position them 
wherever a market exists. Many 
entrepreneurs have micro mobile 
workspaces in cities, others in production 
sites, and others within industries. Over 
time, several capsules have developed 
specialising in different types of 
metalworking that can form complex 
dynamic production systems.

Micro mobile foundry and upcycling 
workspaces



References

Ballardini, R. M., Kaisto, J., & Similä, J. (2021). Developing novel 
property concepts in private law to foster the circular 
economy. Journal of Cleaner Production, 279, 123747.

Benoy, A. M., Owen, L., & Folkerson, M. (2014). Triple win-the social, 
economic and environmental case for remanufacturing. 
All-Party Parliamentary Sustainable Resource Group & 
All-Party Parliamentary Manufacturing Group, London.

Beylot, A., Ardente, F., Sala, S., & Zampori, L. (2020). Accounting for 
the dissipation of abiotic resources in LCA: Status, key challenges 
and potential way forward. Resources, Conservation and 
Recycling, 157, 104748.

Bicket, M., Guilcher, S., Hestin, M., Hudson, C., Razzini, P., Tan, A., ... & 
Watkins, E. (2014). Scoping study to identify potential circular 
economy actions, priority sectors, material flows and value 
chains.

Brazão, M., Marques, L.,  Carvalho, A., Wuisan, L., Almeida, J., 
Arguello, C., Making the business case for Packaging reuse 
systems. Circular Economy Portugal.

Cerulli-Harms, A., Suter, J., Landzaat, W., Duke, C., Rodriguez Diaz, 
A., Porch, L., ... & Lucica, E. (2018). Behavioural study on 
consumers’ engagement in the circular economy. European 
Commission, Directorate-General for Justice and Consumers: 
Brussels, Belgium.

Chateau, J., & Mavroeidi, E. (2020). The jobs potential of a 
transition towards a resource efficient and circular economy.

Chilmon, B., & Tipi, N. S. (2014). Modelling an End to End Supply 
Chain system Using Simulation.

Cornaby, B. (2020). Towards sustainable packaging materials: 
Examining the relative impact of materials in the natural source 
water and soft drinks value chain. Cambridge Institute for 
Sustainability Leadership.

Cullen, J. M., & Allwood, J. M. (2013). Mapping the global flow of 
aluminum: From liquid aluminum to end-use goods. 
Environmental science & technology, 47(7), 3057-3064.

DEFRA (2021). Waste Prevention Programme for England Towards a 
resource efficient economy. Department for Environment, Food 
and Rural Affairs.

De los Rios, I. C., & Charnley, F. J. (2017). Skills and capabilities for a 
sustainable and circular economy: The changing role of design. 
Journal of Cleaner Production, 160, 109-122.

Despeisse, M., Baumers, M., Brown, P., Charnley, F., Ford, S. J., 
Garmulewicz, A., ... & Rowley, J. (2017). Unlocking value for a 
circular economy through 3D printing: A research agenda. 
Technological Forecasting and Social Change, 115, 75-84.

Dominish, E., Retamal, M., Sharpe, S., Lane, R., Rhamdhani, M. A., 
Corder, G., ... & Florin, N. (2018). “Slowing” and “narrowing” 
the flow of metals for consumer goods: evaluating 
opportunities and barriers. Sustainability, 10(4), 1096.

Ellen MacArthur Foundation - EMF (2013). Towards the Circular 
Economy Vol. 1: an economic and business rationale for an 
accelerated transition. Ellen MacArthur Foundation.

Ertz, M., Huang, R., Jo, M. S., Karakas, F., & Sarigöllü, E. (2017). From 
single-use to multi-use: Study of consumers' behavior toward 
consumption of reusable containers. Journal of environmental 
management, 193, 334-344.

European Aluminium (2020). Circular Aluminium Action Plan. A 
strategy for achieving aluminium’s full potential for circular 
economy by 2030.

Hancock, T., & Bezold, C. (1994, March). Possible futures, preferable 
futures. In The Healthcare Forum Journal (Vol. 37, No. 2, pp. 
23-29).

Harris, S., Martin, M., & Diener, D. (2021). Circularity for circularity's 
sake? Scoping review of assessment methods for 
environmental performance in the circular economy. 
Sustainable Production and Consumption, 26, 172-186.

Hina, M., Chauhan, C., Kaur, P., Kraus, S., & Dhir, A. (2022). Drivers 
and barriers of circular economy business models: Where we 
are now, and where we are heading. Journal of Cleaner 
Production, 333, 130049.

HM Government (2021). UK Hydrogen Strategy; Department for 
Business, E.& I.S. Great Britain. ISBN 978-1-5286-2670-5.

Hopkinson, P., Zils, M., Hawkins, P., & Roper, S. (2018). Managing a 
complex global circular economy business model: 
Opportunities and challenges. California Management Review, 
60(3), 71-94.

Hobson, K., & Lynch, N. (2016). Diversifying and de-growing the 
circular economy: Radical social transformation in a 
resource-scarce world. Futures, 82, 15-25.

IPCC, (2018). Annex I: Glossary [Matthews, J.B.R. (ed.)]. In: Global 
Warming of 1.5°C. Masson-Delmotte, V., P. Zhai, H.-O. Pörtner, 
D. Roberts, … Cambridge University Press, Cambridge, UK and 
New York, NY, USA, pp. 541-562. 

Jackson, M., Lederwasch, A., & Giurco, D. (2014). Transitions in 
theory and practice: Managing metals in the circular economy. 
Resources, 3(3), 516-543.

Krawczyk, P. (2021). Non-Financial Reporting—Standardization 
Options for SME Sector. Journal of Risk and Financial 
Management, 14(9), 417.

Kouhizadeh, M., Sarkis, J., & Zhu, Q. (2019). At the nexus of 
blockchain technology, the circular economy, and product 
deletion. Applied Sciences, 9(8), 1712.

Laubinger, F., Lanzi, E., & Chateau, J. (2020). Labour market 
consequences of a transition to a circular economy: A review 
paper.

Lucivero, F. (2020). Big data, big waste? A reflection on the 
environmental sustainability of big data initiatives. Science 
and engineering ethics, 26(2), 1009-1030.

Maranesi, C., & De Giovanni, P. (2020). Modern circular economy: 
Corporate strategy, supply chain, and industrial symbiosis. 
Sustainability, 12(22), 9383.

Mission Possible Partnership, (2021). Net-Zero Steel. Sector 
Transition Strategy. Available on 
http://missionpossiblepartnership.org

Moraga, G., Huysveld, S., Mathieux, F., Blengini, G. A., Alaerts, L., Van 
Acker, K., ... & Dewulf, J. (2019). Circular economy indicators: 
What do they measure?. Resources, Conservation and 
Recycling, 146, 452-461.

Mugge, R., de Jong, W., Person, O., & Hultink, E. J. (2018). ‘If It Ain’t 
Broke, Don’t Explain It’: The Influence of Visual and Verbal 
Information about Prior Use on Consumers’ Evaluations of 
Refurbished Electronics. The Design Journal, 21(4), 499-520.

OECD (2018). Government Support for Primary and Secondary Metal 
Production. OECD publishing.

OECD (2019). Global Material Resources Outlook to 2060 Economic 
Drivers and Environmental Consequences. OECD publishing.

Oezdemir, O., Krause, K., & Hafner, A. (2017). Creating a Resource 
cadaster—a case study of a district in the Rhine-Ruhr metropolitan 
area. Buildings, 7(2), 45.

Onat, N. C., & Kucukvar, M. (2020). Carbon footprint of construction 
industry: A global review and supply chain analysis. Renewable and 
Sustainable Energy Reviews, 124, 109783.

Patwa, N., Sivarajah, U., Seetharaman, A., Sarkar, S., Maiti, K., & 
Hingorani, K. (2021). Towards a circular economy: An emerging 
economies context. Journal of business research, 122, 725-735.

Pollard, J., Osmani, M., Cole, C., Grubnic, S., Colwill, J., & Díaz, A. I. 
(2022). Developing and Applying Circularity Indicators for the. 

110

http://missionpossiblepartnership.org


         Electrical and Electronic Sector: A Product Lifecycle Approach. 
Sustainability, 14(3), 1154.

Rizos, V., Behrens, A., Van der Gaast, W., Hofman, E., Ioannou, A., 
Kafyeke, T., ... & Topi, C. (2016). Implementation of circular economy 
business models by small and medium-sized enterprises (SMEs): 
Barriers and enablers. Sustainability, 8(11), 1212.

Söderholm, P. (2020). The green economy transition: the challenges of 
technological change for sustainability. Sustainable Earth, 3(1), 1-11.

Schröder, P., & Raes, J. (2021). Financing an inclusive circular economy. 
De-Risking Investments for Circular Business Models and the SDGs. 
Chatham House, 2021-07.

Srai, J. S., Kumar, M., Graham, G., Phillips, W., Tooze, J., Ford, S., ... & 
Tiwari, A. (2016). Distributed manufacturing: scope, challenges and 
opportunities. International Journal of Production Research, 54(23), 
6917-6935.

Stahel, W. R. (2016). The circular economy. Nature, 531(7595), 435-438.
Trollman, H., Colwill, J., & Jagtap, S. (2021). A circularity indicator tool for 

measuring the ecological embeddedness of manufacturing. 
Sustainability, 13(16), 8773.

Upadhyay, A., Mukhuty, S., Kumar, V., & Kazancoglu, Y. (2021). Blockchain 
technology and the circular economy: Implications for sustainability 
and social responsibility. Journal of Cleaner Production, 293, 
126130.

WBCSD (2020). Circular Transition Indicators V2. 0. Metrics for Business, 
by Business.

WEF (2014). Towards the circular economy: Accelerating the scale-up 
across global supply chains. In World Economic Forum.

WEF (2021). Future of Reusable Consumption Models. Platform for 
Shaping the Future of Consumption. In World Economic Forum.

Welsh Government, (2021). Beyond Recycling. A strategy to make the 
circular economy in Wales a reality.

Zelbst, P. J., Green, K. W., Sower, V. E., & Bond, P. L. (2019). The impact 
of RFID, IIoT, and Blockchain technologies on supply chain 
transparency. Journal of Manufacturing Technology Management.

Zhou, X., Song, M., & Cui, L. (2020). Driving force for China’s economic 
development under Industry 4.0 and circular economy: Technological 
innovation or structural change?. Journal of Cleaner Production, 271, 
122680.

111



Image credits

Cover Padriñán, Miguel Á. (2018). Number 8. [online image]. 
Available from: 
https://www.pexels.com/photo/gray-motorcycle-chain-form-
number-8-1061135/. [Accessed 12 June 2024].

P 2   Riza, Muhammad. (2017). No Printing. [online image]. Available 
from: 
https://thenounproject.com/icon/no-printing-1505952/. 
[Accessed 12 June 2024].

P 5   Adapted from: Padriñán, Miguel Á. (2018). Number 2. [online 
image]. Available from: 
https://www.pexels.com/photo/gray-steel-chain-on-orange-
surface-1061141/. [Accessed 12 June 2024].

P 18 Adapted from: Hendry, Patrick. (2018) Factories with Smoke 
Under Cloudy Sky. [online image] Available from: 
https://unsplash.com/photos/factories-with-smoke-under-cl
oudy-sky-6xeDIZgoPaw. [Accessed 12 June 2024].

P 19 Adapted from: Adams, Martin. (2018). PA Coal Power Plant - 
Steam Network. [online image]. Available from: 
https://unsplash.com/photos/brown-metal-tower-a_PDPUPu
NZ8. [Accessed 12 June 2024].

P 20 Grincevschi, Martin. (2017). Abstract Futuristic Building in 
Barcelona. [online image]. Available from: 
https://unsplash.com/photos/photo-of-grey-and-black-indus
trial-buildings-_EZ2P8q9rQQ. [Accessed 12 June 2024].

P 21 Hemmati, Yasin. (2021). Black and Grey Metal Pipe. [online 
image]. Available from: 
https://unsplash.com/photos/black-and-gray-metal-pipe-zH
K__gTTTds. [Accessed 12 June 2024].

P 25 ThisisEngineering. (2020). Engineered Clean Energy Storage 
Solutions. [online image] Available from: 
https://unsplash.com/photos/silver-diamond-studded-ring-i
n-white-flower-rJWUwl16QY0. [Accessed 12 June 2024].

P 26 SciTechDaily. (2024). Georgia Tech Nanoscale 3D Printing. 
[online image]. Available from:  
https://scitechdaily.com/light-speed-leap-in-nano-printing-fast
er-cheaper-metal-structures/. [Accessed 12 June 2024]. 

P 27 Autodesk. (2021). Generative Design. [online image]. Available 
from https://redshift.autodesk.it/design-sostenibile/. 
[Accessed 12 June 2024].

P 43 Kampus Production. Photograph of an Office Team. [online 
image]. Available from: 
https://www.pexels.com/photo/photograph-of-an-office-tea
m-working-together-6248972/. [Accessed 12 June 2024]. 

P 44 Rolls Royce. (2015). Engine Inspection. [online image]. 
Available from: 
https://www.ainonline.com/aviation-news/business-aviation/
2015-11-12/engine-makers-tackle-incremental-improvements
. [Accessed 12 June 2024]. 

P47 Adapted from: Rawpixel.com. [online image]. Available 
from:https://www.freepik.com/free-psd/signboard-mockup-i
ndustrial-style-wall_3766978.htm?sign-up=google#fromView
=search&page=1&position=8&uuid=2269a8a4-0bdb-48d0-a
5eb-39d3e881409e. [Accessed June 12 2024]. 

P 48 Formy. Repair Process of a Mold. [online image]. Available from: 
https://www.moldplasticinjection.com/news/how-to-repair-b
low-mold-plastic. [Accessed 12 June 2024].

P 49 Bravo, Luca. (2018). Two Person Standing on Escalator. [online 
image]. Available from: 
https://unsplash.com/photos/two-person-standing-on-escal
ator-h6m-mdRyFQw. [Accessed 12 June 2024].

P 50 SevenStorm JUHASZIMRUS. (2014). Green High-Rise 
Buildings. [online image]. Available from: 
https://www.pexels.com/photo/green-high-rise-buildings-42
5171/. [Accessed 12 June 2024].

P 51 Renault Group. (2018). Professional, “Last Mile” Delivery. [online 
image]. Available from: 
https://www.renaultgroup.com/en/news-on-air/news/ez-go-
ez-pro-ez-ultimo-the-trilogy-of-shared-mobility-according-to
-groupe-renault/. [Accessed 12 June 2024]

P 52 Adapted from: Filipe, Joel. (2016). White Apartment Building. 
[online image]. Available from: 
https://unsplash.com/photos/white-modern-cement-building
-under-blue-sky-RFDP7_80v5A. [Accessed 12 June 2024].

P 53 Adapted from: Italdesign. (2017). Pop.Up Next. (online image). 
Available from: 
https://www.italdesign.it/project/pop-up-next/. [Accessed 12 
June 2024]. 

112

P 28 Asakawa, Glen. (2013). Photo of Prof. H. Jerry Qi holding a 
simple model printed with "shape memory" polymers on a 3D 
printer. [online image]. Available from: 
https://www.colorado.edu/today/2013/10/22/cu-boulder-re
searchers-develop-4d-printing-technology-composite-materi
als. [Accessed 12 June 2024].

P 29 BMW Group. (2019). Infrared Camera Takes Live Picture. [online 
image]. Available from: 
https://www.press.bmwgroup.com/global/photo/detail/P903
57449/Infrared-camera-takes-live-picture-from-a-componen
t-which-AI-compares-with-data-base-BMW-Group-Press. 
[Accessed 12 June 2024].

P 33 Chevanon Photography. (2018). Woman Wears Yellow Hard Hat. 
[online image]. Available from: 
https://www.pexels.com/photo/woman-wears-yellow-hard-h
at-holding-vehicle-part-1108101/. [Accessed 12 June 2024]

P 34 Opt Lasers. (2021). PLH3D-Series. [online image]. Available 
from: https://unsplash.com/photos/mOvUK0HtDQs. 
[Accessed 12 June 2024].

P 35 Claes, Tom. (2020). Main in White. [online image]. Available 
from: 
https://unsplash.com/photos/man-in-white-button-up-shirt-
standing-beside-white-machine-6AuEoJYM4rE. [Accessed 12 
June 2024].

P 36 EOS. (2018). Photo of Facility. [online image]. Available from: 
https://3dprint.com/201945/eos-relocation-expansion/. 
[Accessed 12 June 2024].

P 37 Adapted from: Stryker. Photo of a Mobile-Lab. [online image]. 
Available from: 
https://neurosurgical.stryker.com/programs-and-services/m
edical-education/. [Accessed 12 June 2024].

P 38 Adapted from: DHL Group. (2021). Deutsche Post Plans. [online 
image] Available from: 
https://group.dhl.com/en/media-relations/press-releases/2
021/deutsche-post-and-dhl-on-the-road-to-zero-emissions-i
n-germany.html. [Accessed 12 June 2024].

P 42 Adapted from: Petrebels. (2021). Welcome to Our Wonderful 
Purple Showroom. [online image]. Available from:  
https://unsplash.com/photos/orange-and-black-auto-ricksha
w-JwMGy1h-JsY. [Accessed 12 June 2024].



Image credits (continued)
P 56 Blazek, Lukas. (2017). Notebook Work With Statistics. [online 

image]. Available from: 
https://unsplash.com/photos/turned-on-black-and-grey-lapt
op-computer-mcSDtbWXUZU. [Accessed 12 June 2024].

P 57 Adapted from: UUSITeknologia. (2017). [online image]. 
Available from: 
https://www.uusiteknologia.fi/2017/08/23/video-lohkoketju
tekniikka-tuo-apua/. [Accessed 12 June 2024].

P 57 Leibinger. (2020). Coding and Marking of Metal Parts. [online 
image]. Available from: 
https://leibinger-group.com/applications/marking-coding-m
etal-parts. [Accessed 12 June 2024]. 

P 58 Adapted from: Reich, Tobias. (2020). Empty Tunnel. [online 
image]. Available from: 
https://unsplash.com/photos/empty-tunnel-lhmope6ah9E. 
[Accessed 12 June 2024].

P 59 Debetrek Health. Asset Tracking. [online image]. Available 
from: 
https://debetrekhealth.com.au/medical-equipment-and-hard
ware-supplier/. [Accessed 12 June 2024].

P 60 Spiske, Markus. (2017). Code on Computer Monitor. [online 
image]. Available from: 
https://unsplash.com/photos/colorful-software-or-web-code
-on-a-computer-monitor-Skf7HxARcoc. [Accessed 12 June 
2024]

P 61 The Agency of Design. Design Out Waste. [online image]. 
Available from: 
https://agencyofdesign.co.uk/design-out-waste/. [Accessed 
12 June 2024]. 

P 62 Mclean, Erik. (2020). Interior of Modern Automobile in Daylight. 
[online image]. Available from: 
https://www.pexels.com/photo/interior-of-modern-automobile-
in-daylight-4758171/. [Accessed 12 June 2024].

P 66 EasyLife Designs. (2022). Two Shiny Metal Cans. [online 
image]. Available from: 
https://unsplash.com/photos/two-shiny-metal-cans-sitting-n
ext-to-each-other-NgzB3UMNjtg. [Accessed 12 June 2024].

P 67 Tesco / Loop. (2021). Loop Granola Can. [online image]. 
Available from: 
https://www.circularonline.co.uk/news/loop-launches-in-tesc
o-stores/. [Accessed 12 June 2024].

P 68 Loopstore US. (2019). Reusable Packaging. [online image]. 
Available from: 
https://www.housebeautiful.com/shopping/best-stores/a269
34328/loop-store-us-zero-waste-shopping/. [Accessed 12 
June 2024]. 

P 69 The Body Shop. (2020). Refill Station. [online image]. 
Available from: 
https://retail-insider.com/retail-insider/2020/03/the-body-
shop-launches-new-eco-store-concept-in-canada/. 
[Accessed 12 June 2024]. 

P 70 Reusable Nation (2018). Green Essentials Double Bento. [online 
image]. Available from: 
https://www.reusablenation.com/zero-waste-product-recom
mendations. [Accessed 12 June 2024].

P 71 Tomra. (2020). Reverse Vending Machine. [online image]. 
Available from: 
https://www.openaccessgovernment.org/reverse-vending-te
chnology-deposit-return-scheme/84750/. [Accessed 12 June 
2024].

P 74 Hedgehog94. (2017). Car Detailing. [online image]. Available 
from: https://autowise.com/how-to-buff-a-car/. [Accessed 12 
June 2024]. 

P 75 Floating Pontoon Solutions. Bridge Maintenance Floating 
Platform. [online image]. Available from: 
https://www.floatingpontoonsolutions.co.uk/commercial-pon
toon-hire/bridge-maintenance-floating-pontoon-hire/. 
[Accessed 12 June 2024]. 

P 76 Adapted from: Rapiscan Systems. X-ray Inspection. [online 
image]. Available from: 
https://www.linkedin.com/pulse/cargo-container-x-ray-inspe
ction-systems/. [Accessed 12 June 2024]. 

P 77 ThisisEngineering. (2020). Female Noise and Vibration 
Engineer. [online image]. Available from: 
https://unsplash.com/photos/woman-in-white-and-blue-stri
pe-tank-top-holding-black-and-yellow-power-tool-TXVTX66T
pXQ. [Accessed 12 June 2024].

P 78 Open AI. (2024). DALL-E (Version 3) [Large Language Model]. 
Prompt: X-Ray Image of a Jeep. https://labs.openai.com/. 

P 81  Adapted from: Dualit. Toaster and Kettle. [online image]. 
Available from: 
https://magprom.net/tostieri/tostier-za-4-filii-dualit-vario-cl
assic-40352-2200w-siv-mietal. [Accessed 12 June 2024]. 

P 83 Moody, Paul. (2021). Wrenching at Home. [online image]. 
Available from: 
https://unsplash.com/photos/black-and-yellow-motorcycle-
near-white-car-qCktDXI3Evc. [Accessed 12 June 2024]. 

P 84 Repair Cafe Toronto. Repair Cafe. [online image]. Available 
from: 
https://toronto.bluedotliving.com/2023/11/13/a-new-life-for
-broken-things/. [Accessed 12 June 2024].

P 85 Repair Cafe Toronto. Repair Cafe. [online image]. Available 
from: https://repaircafetoronto.ca/get-involved/. [Accessed 
12 June 2024].

P 88 Prouzet, Eric. (2024). A Brick Wall with Pots. [online image]. 
Available from: 
https://unsplash.com/photos/a-brick-wall-with-pots-and-pa
ns-hanging-on-it-WQ5hlMzz_4w. [Accessed 12 June 2024]. 

P 89 Library of Things. (2018). Crystal Palace Library of Things. 
[online photo]. Available from: 
https://participate.libraryofthings.co.uk/mission. [Accessed 
12 June 2024].

P 90 Google. (2015). Project Ara. [online image]. Available from: 
https://liliputing.com/googles-launch-modular-smartphone-
pilot-puerto-rico-year-project-ara/. [Accessed 12 June 2024].

P 91 Durasupreme. A Shallow Roll-out. [online image]. Available 
from 
https://www.durasupreme.com/blog/how-to-store-lids-for-p
ots-pans-and-food-containers/. [Accessed 12 June 2024]. 

P 97 Babaieva, Kateryna. (2017). Maan Standing in Front of Gray 
Metal Machine. [online image]. Available from: 
https://www.pexels.com/photo/man-standing-in-front-of-gra
y-metal-machine-part-2965258/. [Accessed 12 June 2024]. 

P 98 Shivakumar, Hithesh. (2021). Green Plants Near White Concrete 
Building. [online image]. Available from: 
https://unsplash.com/photos/green-plants-near-white-concr
ete-building-during-daytime-Ly3w_psvQ98. [Accessed 12 
June 2024]. 

P 103 Kuhne, Lenny. (2019). Gray Vehicle. [online image]. Available 
from: 
https://unsplash.com/photos/gray-vehicle-being-fixed-insid
e-factory-using-robot-machines-jHZ70nRk7Ns. [Accessed 12 
June 2024].  

P 104 V8. AI Robotics. [online image]. Available from: 
https://www.v8.com.sg/about/. [Accessed 12 June 2024].

113



Image credits (continued)
P 105 Adapted from: Rheinmetall. Mobile Smart Factory. [online 

image]. Available from: 
https://www.defenceprocurementinternational.com/news/la
nd/rheinmetall-mobile-smart-factory-for-mobile-production-
of-spare-parts-on-the-battlefield. [Accessed 12 June 2024]. 

P 106 Tekton. (2020). Stainless STeel Tool. [online image].       
             Available from: 

https://unsplash.com/photos/stainless-steel-tool-on-gray-                 
sand-SVpCSOCcCwA. [Accessed 12 June 2024]. 

P 107 Adapted from: Weklean. Automatic Waste Collection. [online 
image]. Available from: https://www.wekleanss.com/. 
[Accessed 12 June 2024]. 

P 108 Adapted from: Mining Rox. Innok Robotics [online image]. 
Available from: 
https://www.nbcnews.com/mach/science/robots-are-replaci
ng-humans-world-s-mines-here-s-why-ncna831631. 
[Accessed 12 June 2024]. 

P 109 Adapted from: Precious Plastic. Maldives. [online image]. 
Available from: https://www.preciousplastic.com/press. 
[Accessed 12 June 2024]. 

114








