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The Linear Economy

* According to classical economics,
production and consumption patterns
represent a natural or desirable outcome

— They drive the creation of wealth, being a
result of specialisation and economic activity




The Linear Economy

e A
The agrarian
society

Solar-based energy system
Biomass is the most important
source of energy

Recycling as a core process
Provision of energy is related to
land use

Limited technological
development

Energetic constraints for
development and growth
Surplus and transport limit

The industrial
revolution

Fossil fuel-based energy system
Exploitation of non-renewable
natural resources (coal)

High surplus rates

Economic growth

Population growth

Decoupling of point of
production and point of
consumption

Urbanisation

Over-consumerism

Mass production and
consumption

High level of energy and
material use

Transition from production-
based to consumption-based
economies

Global supply chains
Financial crisis

Krausmann et al. (2008)



What about Efficiency?

BUILT
ENVIRONME
NT
e Cars remain parked Rg* 32% of waste sent j* >100M tonnes of
95% of the time to landfill in the UK food lost annually in
e When moving, they originates from Europe
usually carry 1.6 construction e Up to 40% lost
people at a time e Offices are occupied g along the production
e 1.2m lives are lost only 60% of the day f chain
in accidents yearly on a working day * > 80% of global
worldwide according | (pPost-Covid) food residue is sent
to WHO * 11 million empty to landfill

SOURCE: “Growth Within: A Circular Economy Vision for a Coni\!)eti jve Europe’dE %d
SUN (Stiftungsfonds fir Umweltokonomie und NachhaIti&@)' n @F)ai la r@Lrs]n@s a
Environment, 2015 v L



Circular Economy

A theoretical concept which aims
at creating an industrial system

......

that is restorative by intention %%

Material value is maximized = Basdaas BT

PrOd UCt ||fe-CyC|e eXtenS|On _ PRODUCTION,

REMANUFACTURING]

RECYCLING

| CIRCULAR ECONOMY

Waste generation is minimized

Lower dependence on imports |

RESIDUAL
WASTE

Job creation

Economic, environmental
and social resilience



Circular Economy

* Circular Economy:

— Emphasises the idea of workable
relationships between resource flows
Involving industrial systems.

— Aims at creating methods of production
In which materials are used over and
over again.

— Aims at overcoming the concept of
“waste”



Circular Economy
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Resources
Production
Consumption
Waste
Environment
Recycling



Hegemonic CE?

* Prominence in the  m.

The Circular Economy at a Crossroads:

e Technocratic Eco-Modernism or Convivial
p O I Itl Ca I an d Technology for Social Revolution?

Andrea Genovese ¥ & Mario Pansera

|
C O r p O ra t e d I S ‘ O u rS e Pages 95-113 | Received 24 Sep 2019, Accepted 28 Mar 2020, Published online: 18 May 2020
&6 Cite this article https://doi.org/10.1080/10455752.2020.1763414 0 Checkiorupdates
EU CE ACtIOn Pla ns RESEARCH ARTICLE | JULY 23 2024

Unlocking circularity: the interplay between institutional pressures and supply
chain integration ¥

n
. Tommaso Calzolari; Andrea Genovese & (2; Andrew Brint; Stefan Seuring
rO e I I l a I C O r =+ Author & Article Information

International Journal of Operations & Production Management (2025) 45 (2): 517-541.

. https://doi.org/10.1108/IJOPM-10-2023-0860 Article history ©
many reasons:

— Vehicle for green growth THE GLOBAL
and capital recirculation ECONOMY IS NOW

— Lack of acknowledgment ONLY'7.2% CIRCULAR
of social dimensions

The global situation is getting
worse year on year—driven by

- TOkGﬂIStIC aCtlonS fI"Om rising material extraction and
big corporations




Alternative futures?

Low-tech
innovations

Source: Bauwens et al. 2020

Centralized
governance

F 3

Circular
modernism

Planned
circularity

Bottom-up
sufficiency

Peer-to-peer
circularity

v

Decentralized
governance

High-tech
innovations

Centralised governance

De-centralised governance

Source: Lowe and Genovese (2022)



Circular futures are value
articulating institutions
that implicitly adhere to
a conception of value
even if this is not
explicitly acknowledged

CE research has so far
ignored theories of
value, given that this
goes to the heart of how
societies evaluate trade-
offs between
environmental, social
and economic goals

Contents lists available at ScienceDirect

Ecological Economics

I?
rrrrrrrrr

What theories of value (could) underpin our ¢

ircular futures?

Benjamin H. Lowe ™, Andrea Genovese "

b 3 chool, Church Lane Building, Heslington, York Y010 52F, UK
* Sheffield University Management School, Conduit Road, Sheffield $10 1FL, UK

Stage 1

Stage 2

Stage 3

Stage 4

Create template drawing on dimensions
for considering VAls

v

Apply template to theories of value thus
creating a framework to analyse circular
futures

&

Apply framework to each circular future i.e.
for each dimension select the theory of
value most in accordance with that future

U

Create value ‘scorecards’ for each
circular future

Fig. 3. Stages in mapping values theories to circular future.



MHE led Modermist
Circularity (MMCH

Wedfare 5 tate
Modemist
Circularity (WS ML)

Stateled Modemist
Circularity ($MC)

Open-access P2P
Cincularity (DP20)

Hatfomn P2P
Circularity (PP2PC)

Autarkic Foriress
Cincularity (AFC)

Landiord Fortress
Cireularity

{LFCy

Convivial Ero-
socialism Circularity
{CEC)

Free-market
Insufficiency
Circularity
{AG

Circular Futures

De centralised

De centralised

Decentralised

and services

Universalfinclusiee

Unive rsalfinclusive

Conceptual anes
1 2 3 2 s
Politic: A o final ds Dvmership of the
Mature of innovatons . W scale of producton CCEsS nal goo ership
productive govemance|

means of production

Collective

Precedent Scenarios

Clrcular mode mism (B awsens et al. 2020F
Techno ce ntric circular economy [Calisto Friant et al
2020)

Clrcular ecomamy in the welfare state [Svenfek et al
201%); Reformist circular society (Calisto Friant et al.
2020)

Dz centralised

Universalfinchsive

Universalfinclushee

Unive rsalfinclushe

Collective

Collective

Collective

Peerto-peer circulanty (Bawsens et al. 2020}

Peerto-peer circularity (Bawsens et al. 2020)

Planned ciroularity (Bauweens et al 20200

Fortress circular e conony (Calisto Friank et al, 2020)

Trarsf ormational circular society (Calisto Frizmt et 2l
2020); Bottom-up sufficiency [Bawswens etal 2020)
Local self- sufficiency (sverfelt et al. 2019)




The political deployment of CE N

 Once we recognise CE as a value regime, we
can ask: how is this regime deployed politically?

* In the 2020s, CE has become a strategic
discourse:
— For governments - tool for industrial resilience
— For corporations —» framework for new markets and
legitimacy
— For militaries = narrative of operational self-
sufficiency
* Thus, CE is not only about “closing loops” but
also about closing sovereignty gaps



Autarkic Fortress

Circularit

A CE scenario not driven by real concern about
reversing environmental damage, but responding to the
notion of prevailing in a context of fierce global
competition for scarce key resources

* Income distribution and social justice may be addressed
by centralised governance, although only within
national borders

e Tariffs might be imposed in order to favour domestic
production resulting from the large-scale
iImplementation of CE measures, in order to make this
competitive with imported goods characterised by
superior technical performance

(Llorente-Gonzalez et al., 2025)



Autarky or Sustainability?

« German wartime innovation in =@ > )
material substitution (synthetlc i\Iazi German waste recovery and the vision of a
rubber, fuels, textiles) circular economy: The case of waste paper and
. . rags
* A proto-circular system built under s crBO——

&6 Cite this article https://doi.org/10.1080/00076791.2021.1918105 B Ceck ooz

blockade and scarcity, to sustain
war efforts and genocidal projects

« The goal: self-sufficiency EMPIRE of
(Autarky), not sustainability RAGS and BONES
* Over time, the gradual expansion WASTE AND WAR
of the Nazi waste recovery policies DLBAZL GERMAN K

and campaigns - here referred to
as the ‘Nazi waste exploitation
regime’ - brought forth a
determined vision of a circular
economy in which no waste
whatsoever should escape its
reclamation for the national
community or Volksgemeinschaft

~ ANNE BERG



Circular Sovereignty?

Commission

Raw Materials Act CRITICAL RAW
(CRMA) frames CE as o MATERIALS ACT (&;
a pillar of Strategic
Autonomy

« The CRMA positions
recycling, -

SUSTAINABILITY
. - SECTION 1
substitution, and
Article 26

circularity not

1. Each Member State shall, by two years from the date of entry into force of the implementing act referred to in paragraph 7, adopt and
implement, or include in, national programmes containing measures designed to:

L ] n
r I r T] a r I a S (@ incentivise technological progress and resource efficiency in order to moderate the expected increase in Union consumption of
critical raw materials;

(b)  promote waste prevention and increase re-use and repair of products and components with relevant critical raw materials

[
r ‘ n m n recovery potential;
e V I ro e a O O E ; ’ (c) increase the collection, sorting and processing of waste with relevant critical raw materials recovery potential, including metal

scraps, and ensure their introduction into the appropriate recycling system, with a view to maximising the availability and quality
of recyclable material as an input to critical raw material recycling facilities;

L

award criteria related to public procurement or financial incentives for the use of secondary critical raw materials;

* The 2023 EU Critical = e

#CRMAct #RawMaterials

(e) increase the technological maturity of recycling technologies for critical raw materials and promote circular design, materials

L L L L
efficiency and substitution of critical raw materials in products and applications, at least by including support actions to that
effect under national research and innovation programmes;



Circular Sovereignty?

“This Act will bring us closer to our
climate ambitions. It will significantly
improve the refining, processing and
recycling of critical raw materials here
in Europe. Raw materials are vital for
manufacturing key technologies for our
twin transition - like wind power
generation, hydrogen storage or
batteries. And we're strengthening our
cooperation with reliable trading
partners globally to reduce the EU's
current dependencies on just one or a
few countries. It's in our mutual
interest to ramp up production in a
sustainable manner and at the same

Firmmam~s Amlxvec~ars FlIhaAa kinalhAcE TAVvIAL AF




A very sovereign rebound!

* UvdL speech institutionalised the
pursuit of rebound effects!

/

APROD

Zink and Geyer (2017)



Circular Sovereignty?

REGULATION (EU) 2024/1252 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL
of 11 April 2024

establishing a framework for ensuring a secure and sustainable supply of critical raw materials and amending Regulations
(EU) No 168/2013, (EU) 2018/858, (EU) 2018/1724 and (EU) 2019/1020

(51) Most critical raw materials are metals, which can be in principle endlessly recycled, albeit sometimes subject to deteriorating
quality. This offers the potential to move to a truly circular economy in the context of the green transition while increasing the
availability of critical raw materials and thereby contributing to ensure security of supply. After an initial phase of rapid
growth of demand for critical raw materials for new technologies, where primary extraction and processing will still
constitute the predominant source, recycling should increasingly reduce the need for primary extraction and its associated
impacts. This should be done while maintaining a high level of Union recycling capacity via a strong market for secondary
critical raw materials. Today, however, recycling rates of most critical raw materials are low, with waste streams such as
batteries, electrical and electronic equipment and vehicles being shipped to third countries for recycling. Recycling systems
and technologies are often not adapted to the specificities of those raw materials. Innovation plays an important role in
reducing the need for critical raw materials, reducing the risks of shortage of supply and for the development of recycling
technologies to properly and safely extract critical raw materials from waste. Prompt action addressing the different factors
holding back the circularity potential is thus required.



Circular Sovereignty?

(0o
63%

Official EU language speaks of “reducing dependencies
on third countries,” “strengthening European
sovereignty,” and “ensuring security of supply”

The act creates a pathway for faster approval of
mining projects deemed "strategic," with targets for
how long these processes should take

— Decisions to be made without fully assessing all risks, including
risks to nature and human rights.

Circularity here becomes a security mechanism:
keeping materials “in the loop” within EU borders to
avoid vulnerability to external shocks, especially from
(o (0o (0o
97% 100% 98%

of the world's cobalt, used in of EU’'s magnesium supply is of the rare earths used for of EU’s supply of borate is

batteries, is extracted in the sourced from China permanent magnets are refined provided by Tlrkiye

Democratic Republic of Congo in China



Circular Sovereignty?

Benchmarks for
domestic capacities
along the CRM supply
chain by 2030: 10% of
the EU's annual needs
for extraction; 40% for
processing and 25% for
recycling

No more than 65% of
EU’s annual needs of
each strategic raw
material at any relevant
stage of processing
should come from a
single third country

Strategic Projects for the EU

MAP LEGEND
Extraction rocessing
Recycling @ Substitution
Al Aluminium
B Borol
BRMs | Battery Raw Materials*
Co Cobalt
Cu Copper
Ga Gallium
Ge Germanium
(o Graphite
Li Lithium c :“.G, A
Mg Magnesium g g oy =
Manganese R u
Ni Nickel
PGMs | Platinum Group Metals arrre
REEs | Rare Earth Elements .
w Tungsten v @":m, i, PGMs, Co

*otery Row Materios refe o e, cobok, kel mangenese ard gapite

of projects is based on a regional

Disclaimer The location
scale and doesn't reflect their exact geographical lacations

Savannah Resources gets temporary
land access for Portuguese lithium
project

By Catarina Demony

December 12, 2024 8:57 AM GMT - Updated December 12, 2024




Circular Sovereignty?

Critical raw materials and their supply risk

Technologies

Batteries H —
- s

Materials

.‘_—.

Source: Joint Research Centre

https://ec.europa.eu/eurostat/statistics-explained/index.php?
title=International_trade_in_critical raw_materials



Technocratic planning

* Member States must adopt national
circularity programmes within two years
(Article 26).

* Programmes must:
— Promote technological progress and resource
efficiency
— Boost repair, reuse, and collection of CRM-rich waste

— Incentivise secondary materials and recycled
content

— Integrate circularity into R&D, skills, and public
procurement



Technocratic planning

* CE here is institutionalised as national planning
— Technocratic, rather than democratic planning

 Every EU state must embed circularity in
iIndustrial and innovation systems, treating
critical materials as strategic assets

A form of resource mobilisation echoing
wartime coordination - language of
“mobilisation,” “efficiency,” and “security”,
replacing the one of “sufficiency” or
“ecological limits”



Circular neo-extractivism? N

e Member States must identify and map
extractive waste sites with recoverable
critical materials (Article 27).

* Operators required to conduct economic

recovery assessments. By 2027:

— National databases of mining waste must be public
and digital.

— States must promote secondary extraction from
legacy mines.

A European system of “urban and post-
industrial mining”



Circular neo-extractivism? N

* The EU is effectively reviving extractive
logic under the banner of circularity

* Old waste dumps, slag heaps, and
tailings become new “resource frontiers’

* The CE here acts as neo-extractivism
within Europe - a shift from ecological
restoration to strategic re-mining

* Circularity as reindustrialisation, not as
dematerialisation

’



Tracing the flows

* Articles 28 and 29 prescribe mandatory labelling and
data carriers for all products containing permanent
magnets (EVs, wind turbines, electronics)

— Data must disclose composition, location, removal steps,
and recyclability

— By 2031, minimum recycled content thresholds for rare
earths and metals (Nd, Dy, Sm, Co, Ni, etc.)

« Exemptions for defence and space sectors

* Circularity becomes a data infrastructure: every
magnet, every material becomes traceable

* This digital layer of CE is about surveillance and control
of material flows. It embodies a political economy of
transparency, but in service of industrial efficiency and
sovereignty



The Nexperia Affair

 Semiconductor supply BlBIC

chains as a site of
. . Dutch government takes control of
geOpO“tlcal tensions China-owned chip firm

e Nationalisation and N
control of production P
framed as “resilience” ) )
Automotive alarm: “Without

— 80% of production Nexperia chips imminent stop in
offshore production.” EU mediates between

. Autarkic Iogic meets China and Netherlands
global interdependence
- pseudo_CIrcular Simone De La Feld X @SimoneDeLareldr
sovereignty



The Nexperia Affair

* Taking managerial control of

a company does not equate FINANCIAL TIMES

to controlling its supply

Nexperia faces ‘existential threat’ after Dutch

chain seizure, Chinese owner warns
[ ] N eX p e r-i a ’ S p ro d u Ct i O n b a S e CHOugg;isVs;‘rj;Z:;T chipmaker at risk in the Netherlands, Germany and UK, says parent
remains in China, effectively ] TR

splitting operational control

* Europe still relies on
offshore extraction and
manufacturing for even
basic semiconductors, so
national interventions at the
corporate level can only
deliver limited resilience




A look at the Steel

Industr

 Two main production
routes, Blast Oxygen
Furnace (BOF), Electric
Arc Furnace (EAF)

1200 2

scrap as main input,

being almost fully (COONNE g

circular! S
+ European countries are - .

decisively shifting !

towards EAF T
p ro d u Cti O n Emission Intensity in tCO,/tonne ;e steel

* Th IS InCI‘eaéQdS_ gmgation from Venkataraman Guru, Else and Genovese (2025)
demand for <ccran



A look at the Steel

Industr

High quality scrap needed
for EAFs is imported within
the EU from Global South,
where steel is produced
mainly using BOFs

— EU’s scrap pool just grows
1.2% a year! (EUROFER, 2025)

More than 40% of the new
steelmaking capacity
entering the market during
2025-27 is expected to be
based on the relatively
emission-intensive blast
furnace/basic oxygen
furnace (BF/BOF) process
(OECD, 2025)

Operating iron and steelmaking capacity, by unit age group and technology
type

M Blast furnace (BF) Ml Direct reduced iron (DRI) [l Basic oxygen furnace (BOF)
M Electric arc furnace (EAF)

0-9 years
10-19 years
20-29 years
30-39 years

40-49 years

50+ years

0 mtpa 200 mtpa 400 mtpa 600 mtpa 800 mtpa

Steelmaking capacity by status and technology type

[l Basic oxygen furnace (BOF) Ml Electric arc furnace (EAF) = Other or unspecified

construction I
announced .

0 mtpa 500 mtpa 1,000 mtpa 1,500 mtpa 2,000 mtpa

Source: elaboration from Venkataraman Guru, Else and Genovese (2025)

Is this a pathway towards a



A look at the Steel

Industr

Production shift (cost prioritized)

Production shift

42.86%
_ 0.00%
Lyt ) -
e
b o -60.00%
/
Y

— = 2 i ustralian Bureau of Statistics, GeaNames, Mic

Source: elaboration from Venkataraman Guru, Else and Genovese (2025)



A look at the Steel

Industr

sinte,
e Reuters World v Business v Markets Vv Sustainability v Legal v  More v My News

Climate & Energy

Why relying on recycled steel would derail Europe’s
drive to decarbonise

Annie Heaton

August 11, 2025 11:14 AM GMT+1 - Updated August 11, 2025 ‘ u ‘ ‘ Aa‘ ‘ < ‘

SN news|

Why did British Steel need saving - and
why Is shutting the furnaces down such a
big deal?

Turning off the furnaces would be a "complex, costly nightmare the government wants to
avoid", Sky News science correspondent Thomas Moore says.

The,.
| Guardian

Scunthorpe steelworks: why can't you
just turn a blast furnace off and what isa
salamander tap?

WORLD
-
i

ENERGY TRANSITION

What is steel scrap and how can it help
us reach net zero?

Jan 17,2023



Circular Defence?

* NATO’s Climate Change RSy eras Repor:
and Security Action Plan N ™S
(2022) specifically talks - Climate Change
about Circularity for x Security Impact
Operational Resilience

 NATO explicitly integrates
CE principles into its
logistics and infrastructure NATO announces Leopard- tak

 The plan commits to
Increasing resource
efficiency, reuse, and
recycling within defense
operations




Circular Defence?

 Circularity is justified not  gaumm
a S a n e nVi ro n m e nta | Home > Topics/Regions > Preparing NATO for climate-related security challenges >
need but as a readiness , ,
tool: Preparing NATO for climate-

related security challenges
—_— Re d u C e d fu e I d e p e n d e n Cy fo r By putting in place climate change adaptation measures, NATO has an opportunity to both strengthen

operational resilience and adapt to the impacts of climate change.
.
bases = operational

autonomy
— Modular, repairable e
components for vehicles and Nato targets
equipment = sustained stronger supply .
deployment capability chains for critical
— Energy recovery and waste metals
minimisation = lighter supply ——

convoys, fewer vulnerabilities



Circular Defence?

« UK Ministry of Defence Strategic
Command concept note

* MoD has for years employed CE-style
strategies under the label of

“remanufacturing,” “reuse” and . _
“sustainment” Sustainable circular
* Bxamples include: § _ . economics for Defence
— Large-scale remanufacturing of vehicles returning
from Iraq and Afghanistan, extending service life Concept note

instead of building new units

— Energy reuse at bases — waste-to-energy and
closed-loop water systems to reduce reliance on
external supply

 These initiatives embody circularity—but
entirely within a militarised logic of
efficiency and self-sufficiency.

e “Circular logistics” in this setting is not
post-growth; it's sustainable warfighting.

* Circularity as a must within a challenging
geopolitical context



https://assets.publishing.service.gov.uk/media/67bc5f9c4ad141d908353450/Sustainable_circular_economics_for_Defence_concept_note.pdf

Circular Defence? N

* |In this context, the CE becomes a
military logistics doctrine,
designed to extend endurance under
resource constraints and conflict
conditions

* The language of resilience mirrors CE
discourse but with entirely different
ends: sustainability of operations, not
sustainability of ecosystems



Circular Defence?

Circular economy projects start in EU defence

Land October9, 2025

The European defence technology landscape is expanding its commitment to resource resilience with the launch of two new Circular
Economy projects under the European Defence Agency's (EDA) Incubation Forum for Circular Economy in European Defence (IF CEED).




The weaponisation of CE

e Across these examples, circularity is being
weaponised—not metaphorically, but materially

 The same vocabulary (resilience, autonomy,

efficiency) appears in sustainability and defense
policy alike

* Circularity becomes a dual-use paradigm:
— Ecological circularity aims to limit throughput and reduce harm
— Strategqic circularity seeks to sustain throughput and extend
control
* The CE thus reveals its political plasticity: it can
underpin both a green transition and a security-
industrial turn



Conclusions

* CE as Gramscian “passive
revolution” - reforms that
incorporate ecological critique
without transforming capitalism

* Despite the hype, the hegemonic CE
interpretation, based on
ecomodernist paradigms, has so far
failed to deliver any improvement
(the world is just 7.2% circular!)



Conclusions N

A shift from ecomodernist CE
Interpretations to autarkic versions
has become visible!

* CE can also become a militarised
revolution from above, securing
extractive continuity under new
justifications (security, autonomy)

* The circular state as the security state
of scarcity



Thank You!

* Questions
e Comments

Andrea Genovese
@andreagenovese1

Andrea Genovese is a critical supply chain management scholar. His work explores
the intersections of circular economy, ecological planning, post-growth transitions,
and the political economy of supply chains.

6’.‘) Planned Obsessions 0 Facebook

Subscribe to my
Substack!



Heterodox and Mainstream

ToVs

Theories of
value

Receiver theories

of value
Neoclassical Deliberative Nog'gg?ggrm
theory of value 2 valuation economics ©
o Deliberative
Utilitarian frame/value
convergence ® den;?ucr;aiéﬁ’]vglue

Donor theories of

value

Classical theories of

value d

Sraffian model of

price determination ¢

Marxian value theory

Neo-physiocrat
ecological
economics

Source: Lowe and Genovese (2022)

Ecological pricing &




The Engineer’s View

| Product

Refurbishment

Recycling

2

Zink and Geyer (2017)




An Economist’s View

Primary Primary Primary
Matenals > Companents Product Use
Production Production Production \

Products
- Market

Componants
Market

Remanufaciuring |—" Repair Reuse
Used Goods e

B and Scrap Collection [%
Market

Matenals
Markel

Zink and Geyer (2017)
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