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Scale and Urgency of the Climate Emergency

Need to stay with 1.5oC rise 
between 1850 and 2100.

CO2 reductions required to have a two-thirds

chance of staying  within 1.5oC carbon budget

https://bit.ly/33Cg3Lu

https://bit.ly/3oRROTr

1.5oC carbon budget 

exhausted in 8 years at 

current emission rate

Already 1.2oC above 1850 
average temperature

With current policies and 

commitments very little 

chance of staying within 

carbon budget for 1.5oC 

temperature rise

overshooting carbon budget will require heavy 

dependence on carbon dioxide removal / sequestration

https://go.nature.com/3rNZWqK



Direct air carbon capture 

and storage (DACCS)

Negative Emissions:   methods of removing CO2 from the atmosphere

120 countries, 3067 businesses and 733 cities committed to have 

net zero emissions by 2050 or earlier https://bit.ly/3f6svtD

‘Net zero means that natural and industrial sequestration must be equal to or greater than 

the remaining carbon emissions’  Dieter Helm ‘Net Zero’ (2020)

Net Zero Emissions

Bio-energy carbon capture 

and storage BECCS
Nature-based methods

‘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.’

Concept of net zero is a dangerous trap   (Dyke, Watson and Knorr, 2021)

‘engineered CO2 removal’

https://bit.ly/3oRROTr

IPCC (2022) estimate: may need to use
BECCS and DACCS to remove 360 billion
tonnes of CO2 between 2020 and 2100 -

almost ten times as much CO2 as the
world emitted in 2019



very difficult activity to decarbonise

• almost total dependence on fossil fuel

• high forecast growth of freight movement

2.6x increase in tonne-kms between 2015 and 2050 (ITF, 2021)

• long life of freight assets (typical replacement rate in years)

van truck locomotive ship plane
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Logistics =  11-12% of global CO2 emissions

freight transport  9.6%

warehousing and terminals- 1-2%

administration / IT ?

Contribution of Logistics to Climate Change

2015 2050

projected trends in freight transport CO2

+22%

-72%

current policies

Reshape+ scenario

source: International Transport Forum 2021 https://bit.ly/3fQ42YE

1. Reduce the Total Amount of Freight Movement

5. Cut Carbon Content of Freight Transport Energy

2. Shift Freight to Lower Carbon Transport Modes

3. Optimise the Utilisation of Vehicle Capacity

4. Increase Energy Efficiency of Freight Transport

5 sets of ‘decarbonisation levers’



Source: Malo, 2017

Future freight traffic growth sectors

carbon capture and storage

population resettlement
climate change 

adaptation

air conditioning / cold chain

1. Reduce the Amount of Freight Movement

restructure supply chains

• reshore / near-shore manufacturing

• localize sourcing

• decentralize production & inventory 

Circular economy: 

Increase recycling and remanufacturing 

Digitisation of physical products: 

convert freight consignments into electrons

Design products with less material:   

miniaturisation, lightweighting

3D Printing: 

less material used, simplified supply chains

Share economy:

Ownership to multiple useage

negative emissions

renewable energy infrastructure

phasing out fossil fuel – 30% of tonne-kms in 2020 

Reduce the amount stuff to be moved



average carbon intensity of freight transport modes: gCO2 / tonne-km

2. Shift Freight to Lower Carbon Transport Modes
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Prospects of a Major Freight Modal Shift?  Case of the EU

*based on analysis by Tavasszy and van Meijeren (2011)

EU Sustainable and Smart 
Mobility Strategy

• 50% increase in rail freight 
tonne-kms by 2030

• 100% increase by 2050

most cost-effective methods of decarbonising logistics

Survey of 92 logistics 
executives

https://www.the-klu.org/landingpages/sustainability-study/

Past and projected trends in EU freight modal split 

*based on analysis by Tavasszy and van Meijeren (2011)
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3. Optimise the Utilisation of Vehicle Capacity

large potential CO2 savings low or negative carbon mitigation costs short-medium term implementation

Source: McKinnon ( 2018 and 2021)

classification of factors constraining vehicle utilisation

https://bit.ly/3vRd9zS 7

High capacity transport

Logistical collaboration

Relaxation of JIT ?

ways of raising vehicle load factors

Digitalisation 

Physical internet



changes to business practice:  e.g.  deceleration

fuel economy standards: applied to trucks and ships

ship energy efficiency ratings
EEDI for new vessels

EEXI for existing vessels

vehicle operation: IT , training, monitoring

eco-driver training telematic monitoringplatooning automation

fuel savings from 
slow steaming

Wider case for supply chain deceleration ? 

4. Increase the Energy Efficiency of Freight Movement

uptake of new technologies 

-15%

-30%

57

48

40

penalties per vehicle 

sold for non-

compliance

per gCO2 / tkm

2025-2029

€4250

post 2030

€6800
2019 2025 2030

EU fuel / CO2 

standards for 
new trucks 

enhanced vehicle maintenance

longer term
short term

trucking

retrofitting fuel saving devices

shipping
70% of new trucks sold 

in 2019 in countries with 

fuel economy standards
(IEA, 2020)



5. Cut the Carbon Content of Freight Transport Energy

short haul road long haul road rail shipping airfreight
battery battery catenary e-methanol biofuel

hydrogen hydrogen battery green ammonia e-kerosene
catenary hydrogen hydrogen hydrogen

biogas battery battery
HVO wind

low carbon energy options

average GHG intensity of EU electricity

dependence on the decarbonisation of electricity

micro-generation of 
renewable energy 
by solar and wind

accelerating 
warehouse 

decarbonisation

https://bit.ly/3EgAMVI

https://bbc.in/3jLHwD8

direct or indirect electrification of the freight transport system
slow transition to low carbon fleets

coordinating the development of transport and energy 

infrastructures with the manufacture of new low carbon 

vehicles and operators’ fleet replacement cycles. 

Competition between freight transport and other activities 
for available supplies of low carbon energy

Source: European Environment Agency



Sequestration side of Net Zero Logistics

Applying the net zero concept at a corporate or sectoral level 

Opportunities for carbon removal within the logistics sector:

logistical support for negative emissions activities

mobile carbon capture onboard trucks and ships

onboard device to capture, 

concentrate and store CO2 emitted 

by the vehicle

entitlement to negative emission credits?

BECCS

carbon capture and storage

nature-based engineered

DNV: CCS onboard vessels 

could cut maritime 

emissions by 50% 

https://bit.ly/3jNLXNE

capturing logistics emissions

carbon capture and use: use of sequestered CO2 in production of e-methanol for ships and e-kerosene for aircraft 



Future Categories of Logistics Activities / Businesses

Carbon neutral: complete decarbonisation - mainly with direct or indirect use of zero carbon electricity 

Carbon negative: net reduction in GHGs through generation of surplus of renewable energy or carbon sequestration

on-site micro-generation of surplus solar or 
wind energy in sunny and windy locations  

production of excess zero carbon energy carbon credits for negative emissions? 

logistical support for sequestration efforts

Carbon positive: residual emissions will need to be offset or inset cross-sectoral offsetting insetting in logistics sector

transition to carbon neutrality 

at differing rates



Economics of net zero logistics

3 Phases in Decarbonisation Economics

low hanging fruit

PHASE 1 PHASE 2 PHASE 3

negative / zero

mitigation costs

rebound

positive and rising

mitigation costs

austerity

high 

mitigation 

costs

Adapted from Tavasszy (2014)

https://bit.ly/3u8gjRb

monetising of GHG 
emissions: 

decarbonisation 
game-changer

If all schemes fully 

implemented – cover 22% 

of global GHG emissions
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range of costs for CO2 removals

cost of CO2 removal relative to mitigation options (£/tonne CO2)3 phases in the economics of carbon mitigation

ETS: increasing carbon price 2018-2022 

€ per tonne CO2

€89

€4

https://bit.ly/3EEhScG

https://bit.ly/38hW7Ac



Need to minimise the carbon intensity of ‘negative emission’ supply chains

difference in net amount 
of CO2 captured

Carbon Navigation System

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

• methods of transport

low carbon intensity high carbon intensity

lifecycle emissions assessment for 2 different bioenergy-based CO2 removal supply chains

https://bit.ly/38hW7Ac

https://bit.ly/2ZEiP4z

sequestration efficiency – a new optimisation criterion for supply chain modelling



Beware of Greenwashing
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