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Hansen et al (2025)

•rate of climate change accelerating

•ability of natural and geophysical 
systems to absorb CO2 is degrading

Brief Update on the Climate Science I

Annual Emissions of Greenhouse Gases (GHGs) 1850-2024

Atmospheric Concentration of GHGs 2000-2024 

Global Annual Mean Temperature Anomalies 
relative to 1850-1900 baseline

1.5o

2.0o

https://climatechangetracker.org/igcc
https://www.tandfonline.com/doi/full/10.1080/00139157.2025.2434494
https://www.ft.com/content/1bf97b4f-786a-4277-8901-df84a6971488
https://essd.copernicus.org/articles/17/2641/2025/


‘We are on the brink of an irreversible climate disaster. This is a global emergency beyond any doubt. Much of the fabric of life on Earth is 
imperilled. We are stepping into a critical and unpredictable new phase of the climate crisis.’            

                                                                             2024 State of the Climate Report (Oct 2024)  

Physical evidence of climate 
change steadily accumulates

Valencia Oct 2024

political, financial and industrial ‘push-back’ on decarbonisation efforts

WMO: 5-fold increase 

in weather disasters 

since 1970

Brief Update on the Climate Science II – and Climate Politics 

remaining carbon budget  for 1.5oC temperature increase

‘driving a dagger straight into the 
heart of the climate change religion’

Lee Zeldin, head of US 
Environmental Protection 
Agency

Budget for 83% probability of staying within 1.5oC global 
temperature increase:   30 Gtonnes of CO2

exhausted this year

US government assault on climate science

https://academic.oup.com/bioscience/advance-article/doi/10.1093/biosci/biae087/7808595
https://wmo.int/topics/extreme-weather#:~:text=The%20number%20of%20disasters%20has,of%20deaths%20almost%20three%2Dfold.
https://climatechangetracker.org/igcc
‘driving a dagger straight into the heart of the climate change religion’
‘driving a dagger straight into the heart of the climate change religion’
‘driving a dagger straight into the heart of the climate change religion’
‘driving a dagger straight into the heart of the climate change religion’
https://www.nature.com/articles/s43247-025-02299-w
https://www.mprnews.org/story/2025/03/12/the-us-agency-that-monitors-weather-will-cut-another-1000-jobs-ap-sources-say
https://www.theguardian.com/environment/2025/jul/02/tracking-sea-ice-is-early-warning-system-for-global-heating-but-us-halt-to-data-sharing-will-make-it-harder-scientists-warn#:~:text=Scientists%20analysing%20the%20cascading%20impacts,taking%20place%20at%20both%20poles.


CLIMATE CRISIS

Climate Logistics: Multiple Roles of Logistics in the Climate Crisis
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Adapted from GTZ, 2011
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https://logistics.org.uk/green-mile-homepage/industry-insight/19-05-25/climate-logistics
https://www.tandfonline.com/doi/full/10.1080/13675567.2024.2367534


Need broader review of the relevance of circularity to climate logistics 

Kuehne Climate Centre perspective 

https://www.kuehne-stiftung.org/fileadmin/user_upload/Kuehne_Climate_Center_-_Logistics_in_a_2_Degrees_World.pdf


Shift to renewable energy

Share assets

Remove waste from 
supply chains

Recycle materials

Online retailing

3D printing

Circularity:  ReSOLVE framework

1. Reduce the total amount of freight movement

5. Cut carbon content of energy used by logistics

2. Shift freight to lower carbon transport modes

3. Optimise utilization of logistics assets

4.Improve energy efficiency of logistics operations
Autonomous vehicles

Multimodal transport 

Logistics Decarbonisation: 5 Lever Framework

Source: Ellen MacArthur Foundation / McKinsey 2015 Source: McKinnon  2018

https://content.ellenmacarthurfoundation.org/m/2a4cfc55ea5af914/original/A-toolkit-for-policymakers.pdf


Google AI:  Yes, circularity can contribute to localizing supply 
chains. By focusing on reuse, recycling, and remanufacturing, circular 

practices can reduce the need for long-distance sourcing of raw 
materials and components, potentially shortening and regionalizing 

supply chains.

Does circularity localize supply chains?

Impact of Circularity on the Freight Transport Intensity of the Global Economy

‘.. the potential impact of increased trade regionalisation, spurred by 
geopolitical reasons and increasing economic circularity, could also 

limit freight growth for all modes. A more resource-efficient circular 
economy can therefore contribute to a less resource-intensive 

transport sector.’  

‘Companies are finding that their efforts to close material loops and 
extend product lifecycles are simultaneously reducing their dependence 

on global supply chains and  mitigating risks associated with trade 
barriers and resource scarcity.’ 

examples of companies using circularity strategies to 
localise their supply chains 

No attempts to measure the net effect of circularity on 
freight traffic volumes and the related emissions at 

national or global scales

Analysis complicated by relationship between circularity 
and other supply chain megatrends.

https://platformprofessional.substack.com/p/circular-economy-and-deglobalization
https://www.ispionline.it/en/publication/logistics-in-transition-exploring-geopolitical-economic-and-technological-trends-174643


EU used textile exports to Africa
60% for re-use

40% for waste disposal 

Growth and Widening Geographical Dispersal of EU Used-Textile Exports 2000-2019

4.6x growth

Growth of international trade in used products – mixture of products for recycling, re-use and waste disposal

Circularity should reduce the waste content – but at expense of increasing international flows for recycling 

https://www.eea.europa.eu/publications/eu-exports-of-used-textiles


Liberalisation of the Global Market in Secondary Materials for Re-use and Recycling

‘opening and facilitating trade in goods, components, materials and services related to key circular economy 
activities (such as reuse, repair, refurbishment, remanufacturing and recycling) would help to ensure that these 

activities happen in the best possible locations in terms of cost, quality, skills and other location-specific advantages’ 

Global trade in ‘secondary materials’ (2020)  $ billion

already a substantial and growing trade in secondary materials

‘The results counter widespread views that 3D printing 

will shorten supply chains and reduce trade’

- conflicts with the traditional view of circularity as promoting localisation and a net reduction in freight traffic volumes

https://circulareconomy.earth/publications/trade-and-circular-economy
https://www.econstor.eu/bitstream/10419/222561/1/1725257394.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2022/12/synergies-and-trade-offs-in-the-transition-to-a-resource-efficient-and-circular-economy_8019933a/e8bb5c6e-en.pdf
https://amfg.ai/2020/05/06/9-fortune-500-companies-that-are-pioneering-the-use-of-industrial-3d-printing/
https://documents1.worldbank.org/curated/en/152701569432061451/pdf/Is-3D-Printing-a-Threat-to-Global-Trade-The-Trade-Effects-You-Didnt-Hear-About.pdf


Effect of Circularity on the Potential Impact of other Logistics Decarbonisation Levers

- ‘multimodal transport’ key element in ReSOLVE framework

Cut carbon content of energy used by logistics

Shift freight to lower carbon transport modes

Optimise utilization of logistics assets

Improve energy efficiency of logistics operations

- not clear how lower carbon transport modes can capture a larger 
share of freight in circular supply chains

more balanced freight flows in a circular economy

should be easier to obtain backloads and reduce empty running

but requires integration / coordination of forward and reverse channels

improved vehicle loading in closed loop supply chains conditional on 

several factors – similar to other supply chains (Harris et al, 2024)

- ‘autonomous vehicles’ key element in ReSOLVE framework

- likely to achieve higher energy efficiency

- energy efficiency benefits of preventive maintenance

- transition from fossil to renewable energy
- recycled material and biomass in low carbon fuel e.g. HVO, SAF

Reducing the environmental impact of international aviation through sustainable  aviation fuel with integrated carbon capture and storage - ScienceDirect

- longer-term reconditioning and recycling of truck batteries 

https://www.mdpi.com/2305-6290/8/4/118
https://www.sciencedirect.com/science/article/pii/S0196890424001274


Logistics as  a FACILITATOR In the Creation of a more Circular and Lower-Carbon Economy

Logistics is fundamental to re-use, recycling 
and remanufacturing processes

70% of greenhouse gas 
emissions are linked to 
the handling and use of 

materials

Cutting material use by 
28% could cut GHG 
emissions by 39%

Decline in circularity of world economy from 
9.1% (2018) to 6.9% (2025)

overcoming barriers to the 
adoption of reverse logistics

•reconfiguring logistics systems

• increasing capacity of reverse logistics channels

•designing products for reverse logistics

•deploying new technologies in returns process

•decarbonising reverse logistics operations

Material Life Cycle and Greenhouse Gas Emissions

Source: Sonar et al (2024)

Source: US EPA

https://www.ellenmacarthurfoundation.org/circular-economy-diagram
https://www.circularity-gap.world/2025
https://www.circularity-gap.world/2021
https://archive.epa.gov/epawaste/conserve/tools/warm/pdfs/chapter1.pdf
https://www.sciencedirect.com/science/article/pii/S2772390924000271


Logistics as  a FACILITATOR Logistics of Transitioning from Fossil to Renewable Energy

complex global supply chains for renewable energy materials 
and equipment  (lithium, cobalt, batteries, solar panels etc.) 

generation of renewable energy is more geographically dispersed than generation of ‘fossil’ energy

much renewable power generation 
equipment ‘out-of-gauge’ requiring 
specialist transport and handling 

renewal energy infrastructure more material-intensive in tonnes per megawatt
steel concrete

wind 460 870

coal 100 270

nuclear 40 195

natural gas 5 25

2030 forecast: 60m tonnes of ‘structural materials’ needed for wind turbines in EU

Germany 2022: 1055 wind turbines to produce as much electrical power as the country’s largest coal-fired power station

Source: Petersen (2006)

China (2022)390 GW of solar power800,000 sq.km of land

China (2022)

390 GW of solar power

800,000 sq.km of land

https://op.europa.eu/en/publication-detail/-/publication/19aae047-7f88-11ea-aea8-01aa75ed71a1/language-en
https://www.sciencedirect.com/science/article/abs/pii/S1364032123010043?via%3Dihub


Logistics as a RESCUER Providing Humanitarian Relief to Communities Suffering Climate-related Disasters

Logistics costs represent 60-80% of expenditure on humanitarian aid

from linear to circular humanitarian supply chains →

source: Baharmand (2025)

Source: Centre for 

Humanitarian Action (2023)

Climate-related disasters 1950-2020

In 2019 94.7 million people required humanitarian aid 
as a result of weather-related disasters

Forecast that 200 million will need such aid annually as 
a result of climate change by 2050

application of circularity to 
humanitarian logistics transport fleets

https://www.sciencedirect.com/science/article/pii/S2212420925003966
https://www.chaberlin.org/wp-content/uploads/dlm_uploads/2023/11/climate-change-en-web.pdf
https://reliefweb.int/report/world/world-disasters-report-2020-come-heat-or-high-water-tackling-humanitarian-impacts
https://bit.ly/3Z9hY6q
https://www.logcluster.org/en/document/wrec-how-make-your-fleet-more-circular-and-environmentally-sustainable-2024


EU Residual Gross Emissions in 2050: between 390 and 1165 million tonnes of CO2e will need 
to be removed annually from the atmosphere.   (Germany emitted 674 Mt of CO2e in 2023)

Net Zero:  reduce emissions as much as possible by mitigation measures with any surplus balanced by the removal 
of CO2 from the atmosphere by carbon sequestration processes

Pursuit of Net Zero: key role of carbon sequestration

carbon sequestration
carbon dioxide removal 

negative emissions

carbon capture and storage
point-source carbon capture

concentration of CO2 in 
the atmosphere

426 parts per million
 

0.04% of the air  

typical concentrations of CO2 in 
exhaust / chimney gases

gas boilers:                                     4%
coal-fired power plants:           10-12%
chemical plants:                            10%
cement kilns / blast furnaces:  10-40%
liquid natural gas plants:           90-100%

‘Removing CO₂ from ambient 
air is a thermodynamic slog’

Barnard (2025) 

Concept of net zero is a dangerous trap  ‘Within a few decades, we will need to transform our civilisation from one that currently pumps out 40 billion tons of carbon dioxide into the atmosphere each year, to one that produces a net removal of tens of billions. Net zero has licensed a recklessly cavalier “burn now, pay later” approach which has seen carbon emissions continue to soar’ (Dyke et al, 2021)

Concept of net zero is a dangerous trap  ‘Within a few decades, we will need to transform our civilisation from one that currently pumps out 
40 billion tons of carbon dioxide into the atmosphere each year, to one that produces a net removal of tens of billions. Net zero has licensed a 

recklessly cavalier “burn now, pay later” approach which has seen carbon emissions continue to soar’ (Dyke et al, 2021) 

https://climeworks.com/blog/carbon-removal-solutions
https://climate-advisory-board.europa.eu/reports-and-publications/scientific-advice-for-the-determination-of-an-eu-wide-2040
https://zerotracker.net/
https://cleantechnica.com/2025/05/15/climeworks-dac-fiscal-collapse-the-brutal-reality-of-pulling-carbon-from-the-sky/
https://cleantechnica.com/2025/05/15/climeworks-dac-fiscal-collapse-the-brutal-reality-of-pulling-carbon-from-the-sky/
https://cleantechnica.com/2025/05/15/climeworks-dac-fiscal-collapse-the-brutal-reality-of-pulling-carbon-from-the-sky/
https://cleantechnica.com/2025/05/15/climeworks-dac-fiscal-collapse-the-brutal-reality-of-pulling-carbon-from-the-sky/
https://cleantechnica.com/2025/05/15/climeworks-dac-fiscal-collapse-the-brutal-reality-of-pulling-carbon-from-the-sky/
https://theconversation.com/climate-scientists-concept-of-net-zero-is-a-dangerous-trap-157368


Main Methods of Carbon SequestrationLogistics as a REMOVER

logistical requirements vary widely, many as yet unquantified, but likely to be very freight transport-intensive

Nature-based methods

Afforestation Ocean fertilisation

Direct air carbon capture and storage 

(DACCS)

‘engineered CO2 removal’

Enhanced rock weathering / Ocean 

Alkalinity Enhancement (OAE)

Mechanical-chemical methods

Climeworks Mammoth plant, Iceland

Biochar (charcoal-like substance 

produced by the pyrolysis of 

biomass, scattered on the land)

Hybrid nature-based and engineered sequestration 

Bio-energy carbon capture and 

storage BECCS



Carbon Sequestration: Existential Circularity?

Flows of fossil fuel ‘are inherently non-circular: as they are combusted, they release greenhouse gas 
emissions into the atmosphere. Once released, these emissions are almost impossible to recapture or 
reuse at the speed, scope and scale necessary to limit warming to 1.5-degrees’

technological complexity

scale of the logistical challengeexcessive energy requirements

very high cost diversion of attention and resources 

from carbon mitigation

gives fossil fuel industry ‘license’ to 

continue exploitation 

past record of meeting targets very poor  

criticisms of carbon capture and storage

But huge amounts of CCS now factored into climate models for Net Zero

https://royalsocietypublishing.org/doi/10.1098/rsfs.2020.0010
https://projects.research-and-innovation.ec.europa.eu/en/horizon-magazine/how-carbon-intensive-industries-can-scale-co2-recycling
https://ricochet.media/climate/carbon-capture-is-a-fairytale-solution-to-the-climate-crisis/
https://www.nature.com/articles/s43017-023-00493-y
https://www.youtube.com/watch?v=MSZgoFyuHC8
https://ieefa.org/articles/carbon-capture-decarbonisation-pipe-dream


Logistical Demands of Carbon Capture and Storage

Carbon Navigation System

Optimise BECCS supply chains by:
• types, amounts and sources of biomass
• type of conversion facility
• types and amount of energy produced
• output of CO2

• methods of transport

sequestration efficiency – a new optimisation criterion for supply chain modelling

https://bit.ly/2ZEiP4z
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52024DC0062


Freight Transport Requirements of Carbon Dioxide Removal: new business opportunities for logistics providers? 

infrastructure

pipeline networks for captured CO2

construction of CO2 removal and storage facilities  

equipment

supply chains for production of CO2 removal devices

and vessels and vehicles to  transport captured CO2 

inputs

solvents and sorbents for the CO2 removal process
biomass for Bio Energy Carbon Capture and Storage BECCS 

biochar, enhanced weathering rocks, ocean fertilisation chemicals

electrical grid infrastructure for CDR facilities 

outputs

captured CO2 for storage or use in chemical processes
by-products of the sequestration process

moved mainly by pipeline, but with some use of ‘non-
pipeline modes’ (ships and rail)

‘mechanical trees’
Prof Klaus LacknerClimeworks

removal of 30 billion tonnes of CO2 might need 22 billion 
tonnes of ammonia, 6.9 billion tonnes of sodium hydroxide

and 4.4 billion tonnes of ethylene oxide

EU will need 15,000-19,000 km transport network
by 2050 to move CO2 between ‘100-120 potential 
CO2 capture clusters and about 100 storage sites.’ 

https://climeworks.com/plant-mammoth
https://www.nature.com/articles/s41467-020-17203-7
https://bit.ly/4eEXpos


Long-term Growth in Demand for Climate Logistics Services

International Transport Forum (2023)

To what extent might wide adoption of economic circularity 
constrain the growth of freight movement? 

Should ‘climate logistics’ be exempted from Net Zero targets, given longer to reach them and / or be 
awarded carbon credits for the key role it will play in the overall management of the climate crisis?

With or without such a constraint, Climate Logistics is likely to substantially increase the total amount of freight movement

Feasibility of reducing the carbon intensity of freight movement sufficiently to compensate for this traffic growth?

forecast excludes additional freight movement generated by:

carbon capture and storage

population resettlement
climate change 

adaptation

climate-related
humanitarian logistics

creation of renewable 
energy infrastructure

rebuilding after 
climate disasters

 -

 50

 100

 150

 200

 250

 300

 350

forecast of global freight traffic growth in trillion tonne-kms

+80%

https://www.itf-oecd.org/itf-transport-outlook-2023
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https://www.carbonbrief.org/guest-post-the-forgotten-role-of-logistics-in-achieving-net-zero/
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