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Perspektiven für eine klima-neutrale und nachhaltige

(Kunststoff-)Kreislaufwirtschaft durch

industrielle Kreislaufführung von CO2

CO2 als regenerativer (erneuerbarer) Rohstoff

Reinhold W. LANG

Institute of Polymeric Materials and Testing

Johannes Kepler University, Linz/Austria

BMK | IEA Vernetzungstreffen
Klimafitte Industrie: FuE für die Industrie der Zukunft
Uni Center der JKU Linz
28. Jänner 2025
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Cycle time:

up to max. ~100 years 

The regenerative

energy/feedstock cycle

From current to

future energy/feedstock

technologies

VISION: A NEW CARBON MANAGEMENT
Towards a solar-driven ALL-CIRCULAR PLASTICS & CARBON ECONOMY (1/3)

The Guiding VISION

(as new NARRATIVE)

To transpose the circularity

of carbon in the Biosphere

to the Technosphere!
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Principle pathways of
material recovery

▪ mechanical recycling 
(materials recycling)

▪ chemical recycling
(feedstock recycling)

▪ energy recovery with

CO2 capture & use
(CCU) (feedstock recycling)

cascadic
performance
deterioration

innovation-
driven

performance
enhancements

CIRCULAR

CARBON MANAGEMENT

& DEFOSSILISATION

instead of
DECARBONISATION!

VISION: A NEW CARBON MANAGEMENT
Towards a solar-driven ALL-CIRCULAR PLASTICS & CARBON ECONOMY (2/3)

50-70%

The GREAT Industrial Transformation
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VISION: A NEW CARBON MANAGEMENT
Towards a solar-driven ALL-CIRCULAR PLASTICS & CARBON ECONOMY (3/3)

50-70%

GREAT POTENTIAL
for Borealis/OMV,

HOLCIM/Lafarge, voestalpine,

RAG, Verbund …!?

The GREAT Industrial Transformation
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CCU – Closing the Loop | A Circular Carbon & Plastics Economy

Towards all-circular process pathways [Report by nova-Institute; Köln, DE (March 2024)]

CCU process/product 

pathways with 2023

technology readiness 

levels (TRL)

[and industrial stakeholders]

TRL: 6(3) – 9!

Source:

nova-Institute 2024

Courtesy of M. Carus

https://nova-institute.eu/
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CIRCULAR

CARBON MANAGEMENT

instead of

DECARBONISATION!

Online-Version:

Page 83, as well as

pages 61/62, 73/74

KEY ITEMS & FEATURES: 

▪ INNOVATION to secure AUSTRIA’S industry:

energy efficiency, renewable energy technologies, 

circular carbon-management (systems integration)

▪ Cross-industrial SECTOR-COUPLING:

All-sector integrated energy, climate and

circular economy strategy (energy & materials economy)

▪ Industrial FLAGSHIP-CLUSTER/HUB Initiatives

Cross-sectorial Flagship-Cluster Projects for the emission-intensive industry 

(Steel, Chemicals/Plastics, Cement, Waste Management) 

▪ FUNDING & INCENTIVE mechanisms

Use of existing and development/implementation of

novel national and European funding initiatives

(IPCEI, Recovery & Resilience Facility, EU Innovation Fund, etc.)

ZIEL:

Klimaneutrales

ÖSTERREICH

BIS 2040

Ein GREEN DEAL für ÖSTERREICHS INDUSTRIE
REGIERUNGSPROGRAMM 2020 – 2024

CO2-Emissionen von

hard-to-abate (HTA)

Industrien &Verkehr/Transport

Österreich: ~40 (30+10) %
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Potential

cross-sectoral ‘circular’ Carbon

FLAGSHIP-CLUSTER/HUB Initiatives: 

▪ ʺSTEEL & PLASTICSʺ

e.g. voestalpine, Borealis, VERBUND, RAG, N.N.

▪ ʺCEMENT & PLASTICSʺ

e.g. Lafarge, Borealis, OMV, VERBUND, N.N.

▪ ʺWASTE MANAGEMENTʺ

e.g. Wien Energie, Linz AG, ARA, Saubermacher, 

Borealis, N.N.

▪ ʺGREEN ENERGY INFRASTRUCTUREʺ

e.g. OMV, VERBUND, RAG, N.N.

MEDIA & PRESS RELEASE: 24 JUNE 2020

MOU: LAFARGE/OMV/VERBUND/BOREALIS

“Carbon2ProductAustria“ [short: C2PAT]

AUGUST 2021

C2PAT GmbH

Source: C2PAT consortium

Aim 2030 (C2PATplus)

▪ 750.000 t of CO2 sequestration in Austria 

▪ demonstration of global scalability!

Project currently

on hold and under

redesign due to

lack of funding!?

Ein GREEN DEAL für ÖSTERREICHS INDUSTRIE

Cross-sektorale Flaggschiff-Initiativen
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Kontext ÖSTERREICH: BKA ‘Automobilgipfel’ (19. März 2023)

Expertenaustausch im BKA zur Mobilitätswende in Europa – Positionspapier
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Hard-to-abate (HTA) sectors | The Global Picture

How the World

Really Works

Vaclav Smil

May 2022

Chapter 3: The 4 material/matter pillars

of modern civilization*

▪ Cement: a world created by concrete

▪ Steel: ubiquitous and recyclable

▪ Plastics: diverse, useful, troublesome

▪ Ammonia: the gas that feeds the world

The SCIENCE behind how we got here and where we’re going … [“Numbers don’t lie”]

“essential“

materials:

▪ ~15 % energy

▪ ~23 % CO2

Present and Future Production Volumes
p.a. worldwide

Essential
Materials

[rough estimate]

2019
in Mt

2050
x-fold growth in

Low-Income Countries*

Cement 4500 x10+

Steel 1800 x15

Plastics 370 x30+

Ammonia 150 x2+

UN SDGs:
“A world we

want for all!“

*account for 17% of primary energy and 25% of CO2 emissions

Equity

HTA
transport

> 50 %

CO2 emissions of
Transport Sector

p.a. worldwide (2018, IEA)

Mobility & 
Transport*

2018 
share

Road (passenger) 45 %

Road (freight) 30 %

Aviation 12 %

Shipping 11 %

Pipelines
oil, gas, water, steam etc.

2 %

*Global transport emissions – total (2018): ~8 Gt CO2 (24 %)

https://ourworldindata.org/co2-emissions-from-transport

HTA-Total

~33 % !!!
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The Human Enterprise: Milestones of Human Progress

COP29 | 2024

Baku

Azerbaijan

COP30 | 2025

Belem

Brazil

COP31 | 2026

-

Australia

COP32 | 2027

-

Africa

COP33 | 2028

Delhi

India

COP1 | 1995

Berlin

Germany

COP21 | 2015

Paris

France

COP28 | 2023

Dubai

UAR

▪ phase-out vs. 

phase-down

of fossil fuels

▪ global stock-

take (NDCs)

▪ justice/equity,

loss/damage

▪ …

▪ Paris Agreement

▪ limit global

temp. rise

to below 2°C,

preferably 1.5°C

▪ …

Timeline, hosts & key themes of Climate COPs (Conferences of Parties under the 1992 UNFCCC*):

Pillars of human civilization on JUSTICE, EQUITY, INCLUSION & PROSPERITY for all:

1948 (UN)
Human Rights 

Declaration

1987 (WCED)
Sustainable 

Development

2000 (UN)
Millennium
Declaration

2015 (UN)
Sustainable Development

Declaration

▪ 4 fundamental 

freedoms (speech, 

religion, fear, want)

▪ Our Common Future

(Brundtland Report)

▪ UN Agenda 2015

- 8 MDGs

▪ UN Agenda 2030

- 17 SDGs

- 169 Targets

NDCs:
Nationally Determined 
Contributions

NCQG:
New Collective
Quantified Goal

*1992 UNFCCC:
UN Framework Convention on 
Climate Change, signed in 1992
by 154 states at the UNCED
“Earth Summit” (Rio de Janeiro)

▪ N/S climate

finance

(NCQG)

▪ Article 6 on

carbon trade

▪ …
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OUTCOME: First global stocktake
Proposal by the COP28 President

13 Dec. 2023

28. … recognizes the need for deep, rapid and sustained 
reductions in greenhouse gas emissions in line with 1.5 °C 
pathways and calls on Parties to contribute to …:

(a) Tripling renewable energy capacity globally and doubling 
the global average annual rate of energy efficiency 
improvements by 2030; 

(b) Accelerating efforts towards the phase-down of unabated 
coal power;

(d) Transitioning away from fossil fuels in energy systems, in a 
just, orderly and equitable manner, accelerating action in 
this critical decade, so as to achieve net zero by 2050
in keeping with the science;

(e) Accelerating zero- and low-emission technologies, including, 
inter alia, … removal technologies such as carbon capture 
and utilization and storage, particularly in HTA sectors …

COP28: Key moments and fresh impulses
Phase-out vs. phase-down of (unabated) fossil fuels?

President of COP28 | Dubai 2023 

Sultan Al Jaber (CEO ADNOC)

UAE Plan for COP28 [Nov./Dec. 2023]

▪ The 1.5°C goal

▪ National plans (“global stocktake“)

▪ Phase out or phase down?

▪ Clean energy
(double energy efficiency rate,

triple renewable energy capacity by 2030

▪ Role of fossil fuel companies

▪ ‘All emissions, everywhere’

▪ Climate finance

▪ Inclusivity

UAE: the first country in the Gulf region to pledge 

net-zero emissions

by 2050!

The Guardian

13 July 2023
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Was aus Defiziten der COP28 zu lernen wäre?
Ein ‘Next Level’ für Energie, Klima & Kreislaufwirtschaft

Gastkommentar:

R. W. Lang, S. Schleicher

15. Dez. 2023 | Die Presse

Von

weglosen Zielen,

hin zu

zielorientierten

Wegen!

Unsere 
Kurzdiagnose:
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Source (left): Presentation at COP28 | Dubai, 5 Dec. 2023;

adapted & extended by R. W. Lang

Tackling Scope 1/2/3 emissions

based on COP28

“Potential” net-zero pathways:

phase-out vs. phase-down

of (unabated) fossil fuels?

Global CO2 net-zero pathways for 1.5 – 2 °C

20602040 2080

1.7 °C1.5 °C 2 °C

100 %

0 %

ca. 30% | Carbon Management
(CCU, CCS, DAC | HTA industries/traffic)

1st presented 13 Dec. 2023 [last day of COP28]
@ EC-JRC / IEA Workshop | Petten, The Netherlands

-70%

Phase-down of fossil fuels
(with phase-out of coal as priority)

~15%
for circular

carbon
management

via CCU

The Net-Zero Transition & Circular Carbon Management 
Emerging pathways based on Climate COPs and EU policies
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Back-of-envelope scenario assessments by Lang/Schleicher 
(to be published in “Circular Economy of Plastics”, ed. by P. Orth, U. Liman et al.; Springer 2024)

Robust lower/upper-bound scenario assumptions for 2050/2060 (worldwide):

− plastics growth rates p.a. 2/4 %; non-CCU plastics recycling rates p.a. 10/30/50 %

− carbon-to-plastics conversion factor of 0.72 [Kähler 2023]; CO2/carbon losses in CCU process
chain and polymerization of 28% [Markowitsch 2023] and 3% [Paulik 2024], respectively.

ca. 10 % of

current global or regional

CO2 emissions

are required by the

carbon dependent industry

at around 2050/60.

[with a margin of around

plus/minus 5% depending on

the region and remaining uncertainties]

Take-away message:

Note: This range overlaps/aligns well with

the remaining CO2 emissions of sectors

considered to be not abatable after

all decarbonization efforts are applied.

A main driver:

UN SDG Agenda

[“A world we want for all!”]
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Ein RESET bei Energie und Klima
‘Next Level (?)’ | Drei Zukunftspakete für das Regierungsprogramm

Gastkommentar:

R. W. Lang, S. Schleicher

23. Jan. 2025 | Die Presse

Drei Innovationspakete

für die nächste Regierung:

▪ Bauen und Wohnen

▪ Transformation der Industrie

▪ Finanzierung neuer Strukturen

"Angesichts dieser 

Ausgangslage scheint es 

verwegen zu behaupten,

dass jetzt ein guter

Zeitpunkt wäre, … einen 

Neustart zu wagen."

Offener Brief | 12 Jan. 2025

▪ 340 Unterzeichner:innen
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Milton Friedman (1982) | Neoclassical Chicago School of Economics

A famous quote on real (true ‘transformative’) change

“Only a CRISIS produces real change … our basic function: develop alternatives

… until the politically impossible becomes the politically inevitable.”

Über Wesen & Bedeutung von Krisen

BEDROHUNG oder CHANCE?
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ANNEX: Back-up slides

Reinhold W. LANG

Institute of Polymeric Materials and Testing

Johannes Kepler University, Linz/Austria

BMK | IEA Vernetzungstreffen
Klimafitte Industrie: FuE für die Industrie der Zukunft
Uni Center der JKU Linz
28. Jänner 2025
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A HYPOTHESIS to reflect on … along with a recommendation

What is most urgently needed, is a 

sustainable, integrated & coherent

Energy, Climate & Circular Economy strategy

along with a

consistent, science/evidence based

POLICY FRAMEWORK

on a global, regional and national level that [strives to]

accounts for regional/national differences in terms of

intra-/intergenerational EQUITY & JUSTICE.*

* This is not an unrealistic, bold demand; essentially it corresponds to the current approach in the UN Climate Summits

(i.e., annual COPs for “climate”) and the UN efforts towards a Global Treaty for Plastics and on Plastics Pollution,

currently, however, in a not sufficiently integrated, consistent and coherent, science/evidence based manner.

3 dimensions of
(potential) LIMITATIONS

▪ surpassing (global)
planetary boundaries

▪ global/regional (intern.)
policies & politics

▪ global (intern.) equity & justice 

Sign RCI Manifesto under:

https://renewable-carbon-initiative.com/call-for-

signature-rci-manifesto/
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3 österreichische SUPERLATIVE für die Implementierung

einer techno-sphärischen ‘Circular Carbon Economy’ …

▪ eine starke, hoch-innovative HTA-Industrie

HTA: “hard-to-abate”

▪ ein Green Deal für die HTA-Industrie

im österreichischen Regierungsprogramm 2021-2024

▪ best-case Projektinitiativen für cCM: C2PAT, HCMA 

cCM: comprehensive (cross-sectoral & circular) Carbon Management

C2PAT: Carbon-to-Product Austria

HCMA: Hydrogen & Carbon Management Austria

Stand AT: Beste Voraussetzungen [im weltweiten Vergleich]

Warum wird das dann nicht schon längst gemacht? [… welche PROBLEME & HÜRDEN?]
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Nationales Ziel 1 (bis Mitte 2024):

Eine “Nationale Carbon Management Strategie (CMS)“ mit Fokus auf

HTA-Industrien & HTA-Transport/Verkehr mit 3 essentiellen Attributen*:

▪ sektor-gekoppelt (“cross-sectoral“)

▪ zirkulär (“circular“)

▪ transnational

*abgestimmt auf/mit der “österreichischen Kreislaufwirtschaftsstrategie” (2022)

und dem “Integrierten österreichischen Netzinfrastrukturplan” (Entwurf)

cCMS

Nationales Ziel 2: Umsetzung & Implementierung (bis 2040/2050):

Eine “all-circular Carbon & Plastics Economy“ der HTA-Sektoren

(Industrie, Abfallverbrennung & Transport/Verkehr) in Österreich (und EU) - [Scope 1/2/3] 

Next Level #1 | „Die Weichen richtig stellen“

2 Nationale Ziele (Vorschlag datiert 02/2024) 
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Next Level #2 | „Die Weichen richtig stellen“

4 zielorientierte, aufeinander abgestimmte Strategien & Pläne! 

Österreichische Carbon 

Management Strategie
[CMS mit 4 Attributen]

▪ umfassend & kohärent

(“comprehensive“)

▪ sektor-gekoppelt

(“cross-sectoral“)

▪ zirkulär (“circular“)

▪ transnational

cCM

Fokus auf HTA-Sektoren:

▪ CCU als Schlüsseltechnologie für

Zement-, Chemie/Kunststoff- &

Stahlsektor sowie Müllverbrennung 

CC(i)S zur Sicherstellung kontinuierlicher

Lieferfähigkeit von CO2

▪ 3 regionale Hubs/Cluster
- GR Wien/Schwechat

- GR Linz/OÖ/Bayern
- GR Graz/Stmk

2022

2022

2024

2024

Anpassungsvorschläge:

(1) Kohärenz sicherstellen

(2) CCU über cCM
forcieren & beschleunigen!
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The COP Presidency Challenge
Managing the alignment of [vastly] diverging positions & interests … (1/2)

Understanding COP from the
fossil fuel perspective:

A complex interaction of

region/state/company

positions & interests!?

Source:

Visual Capitalist

https://www.visualcapitalist.com/

charted-worlds-biggest-oil-

producers-in-2022/

The World’s

Biggest Oil Producers
(OPEC, OPEC+, Non-OPEC) 

The Climate Change Performance Index (CCPI)

https://ccpi.org/

4 categories 

assessed:

▪ GHG emissions

▪ renewable energy

▪ energy use

▪ climate policy

1. –

2. –

3. –

4. Denmark

5. Estonia

6. Philippines

7. India

8. Netherlands

9. Marocco

10. Sweden

14. Germany

16 EU overall

23. Brasil

32. Austria

51. China

57. USA

63. Russian F.

65. UAE

66. Iran

67. Saudi Arabia

CCPI 2024: Ranking 

https://www.visualcapitalist.com/charted-worlds-biggest-oil-producers-in-2022/


23 | 2025-01-28_rwL

Dr. Sultan Al Jaber | 21 Nov. 2023

[live online event in a dialogue with ‘SHE changes climate’]  

“… There is no science out there, or no scenario out there, that

says that the phase-out of fossil fuel is what’s going to achieve 1.5C.”

“Please help me, show me the roadmap for a phase-out of fossil fuel

that will allow for sustainable socioeconomic development,

unless you want to take the world back into caves.”

…

“A phase-down and a phase-out of fossil fuel in my view is inevitable.

That is essential. But we need to be real serious and pragmatic about it.”

https://www.theguardian.com/environment/2023/dec/03/back-

into-caves-cop28-president-dismisses-phase-out-of-fossil-fuels

Key moments at COP28  (1/2) 
Phase-out vs. phase-down of (unabated) fossil fuels?

The Guardian

3 Dec. 2023

Dr. Sultan Al Jaber | Positions & Functions

▪ President of COP28

▪ CEO of ADNOC (Abu Dhabi National Oil Company)

▪ UAE Minister of Industry and Advanced Technology

▪ Founding CEO & chairman of Masdar 
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The COP Presidency Challenge
Managing the alignment of [vastly] diverging positions & interests … (2/2)

4 Letters to Parties [July – Nov. 2023]

by COP28 president Sultan Al Jaber

4 paradigm shifts | i.e. 4 pillars

▪ Fast-tracking the energy transition and 

slashing emissions before 2030;

▪ Transforming climate finance, by delivering 

on old promises and setting the framework for 

a new deal on finance;

▪ Putting nature, people, lives and livelihoods 

at the heart of climate action;

▪ Mobilizing for the most inclusive COP ever.

Dr. Sultan Al Jaber | 4 Dec. 2023

[Press conference at COP28, Dubai’]  

“I respect the science in everything I do.

I have repeatedly said that it is the science that has

guided the principles or strategy as Cop28 president.

We have always built everything, every step of

the way, on the science, on the facts.”

“I have said over and over the phase-down and

the phase-out of fossil fuel is inevitable.

In fact, it is essential.”

Diplomat [N.N.] “expressing a common view”

when referring to Sultan Al Jaber
[The Guardian, Article by Fiona Harvey; 7 Oct. 2023]  

“He’s the only one we’ve got,

we need to work with him,

to prevent him being undermined at home,

or  by Saudi [Arabia] …”

15 pages 27 pages 27 pages 2 pages
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DRAFT TEXT by the COP28 President
on First global stocktake under the Paris Agreement

11 Dec. 2023 | 16:30

OUTCOME: First global stocktake
Proposal by the COP28 President

13 Dec. 2023

28. … recognizes the need for deep, rapid and sustained 
reductions in greenhouse gas emissions in line with 1.5 °C 
pathways and calls on Parties to contribute to …:

(a) Tripling renewable energy capacity globally and doubling 
the global average annual rate of energy efficiency 
improvements by 2030; 

(b) Accelerating efforts towards the phase-down of unabated 
coal power;

(d) Transitioning away from fossil fuels in energy systems, in a 
just, orderly and equitable manner, accelerating action in 
this critical decade, so as to achieve net zero by 2050
in keeping with the science;

(e) Accelerating zero- and low-emission technologies, including, 
inter alia, … removal technologies such as carbon capture 
and utilization and storage, particularly in HTA sectors …

39. … recognizes the need for deep, rapid and sustained 
reductions in GHG emissions and calls upon Parties to take 
actions that could include, inter alia:

(a) Tripling renewable energy capacity globally and doubling 
the global average annual rate of energy efficiency 
improvements by 2030;

(b) Rapidly phasing down unabated coal and limitations on 
permitting new and unabated coal power generation;

(d) Accelerating zero and low emissions technologies, including, 
inter alia, … removal technologies, including such as carbon 
capture and utilization and storage …

(e) Reducing both consumption and production of fossil fuels, 
in a just, orderly and equitable manner so as to achieve net 
zero by, before, or around 2050 in keeping with the science;

…..

Key moments at COP28  (2/2) 
Phase-out vs. phase-down of (unabated) fossil fuels?
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Outlook on next Climate COPs 30 – 33 | Hosts &  Key Themes

COP29 | 2024

Baku

Azerbaijan

COP30 | 2025

Belem

Brazil

COP31 | 2026

-

Australia

COP32 | 2027

-

Africa

COP33 | 2028

Delhi

India

Source / Courtesy:

Axel Michaelowa

perspectives climate research
Dec. 18, 2023

Global progress depends on

trust, credibility & resilience

[among others]!


