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– Effects of road innovations

– Effects for logistics use cases

– Societal/political Resilience and Barriers
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Societal context of innovation

Technological innovation Societal innovationSystemic innovation

The set of different types of innovations 
that have the potential to bring about 
systematic and structural social 
changes and to accelerate transitions 
and transformations

The development and 
implementation of new or 
improved ideas aimed at changes 
in attitudes and behavior of people 
and organizations

The development and 
implementation of new or 
improved technologies and/or 
technology-driven improvements 
to products, services or processes

Actionable research

Societal context

Societal challenges Societal transitions & transformations Societal values

Solution spaces for key decision makers Transdisciplinary approaches Develop and integrate 

fit-for-purpose methodologies
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• Road innovations should be embedded in 
logistics (road remains a key mode…)

• Effects depend on logistics use cases

• Societal- and stakeholder targets &  
perceptions determine attractiveness

• Effects, targets & perceptions can change in 
the future

• Key decision makers should achieve a shared 
vision to enable effective actions

Create a collaborative quick scan approach 
(prototype) for short listing strategic options to 
accelerate and improve vision creation…

C re a t ing  a  s ha re d  v is io n  …

Objective of the analysis



Ro a d  t ra ns p o rt  & inno va t io n  a s s e s s e d
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Road innovations and integration in logistics

Propulsion technologies

Battery Electric Vehicles (BEVs)

Hydrogen Internal Combustion Engine (H2-ICE)

Hydrogen Fuel-Cell Electric Vehicles (FCEVs)

Biofuels

Synthetic Fuels

Automation technologies
Automation 
Level Sub-technologies considered

Partial 
Automation

• Lane centring
• Hands-free lane changing
• Adaptive cruise control

Conditional 
Automation

• Highway (supervised) automation;
• Automated lane keeping system;
• Platooning Support Function (PSF; L3 

for following trucks);
• Tele-operations.

High Automation
• Automated yard movers
• Automated hub-to-hub operations for 

trucks (on public roads)



W hic h inno va t io n  is  m o s t  a t t ra c t ive ?
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Road innovations and integration in logistics



Influe nc e  o f c ha ng ing  s o c ie t a l c o nte x t  in  2 0 3 5
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Trends and Future requirements



Ke y  s o c ie t a l t re nd s
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1. Growing population especially in cities
2. Ageing and increase of dependency rate
3. Growing consumption (uncertain inflation level influenced by solutions for scarcity resources & labour)
4. Instability of geopolitics (could be high or low)
5. Economic dominance of Asia
6. Increasing resource scarcity
7. Scarcity on the labour market
8. Power of Big-tech companies
9. Widening inequalities 
10. Societal divide & Inclusion
11. More need and focus on security 
12. Pressure on government budgets 
13. Decentralisation of government tasks
14. Accelerating technological change and hyperconnectivity      
15. Changing nature of work   
16. Lifelong education and learning
17. Climate change
18. Priority on climate change and environmental investments (depending on political climate)

Trends and Future requirements
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– Based on current practices, combined with the observed 
trends

– Different types of requirements:

• market requirements should be overall positive in order 
to be commercially of interest

• The overall contribution of the innovation to policy 
targets is important in case policy support is needed for 
the implementation of the innovation

• societal aspects that are not explicitly addressed by 
policy (yet) but still play an important role for the 
acceptability and/or societal support

Trends and Future requirements

Re q uire m e nt s  fo r  lo g is t ic s  - 2 0 3 5

Note: These are results of an internal Delphi exercise. To be repeated/validated with key stakeholders



Effe c t s  o f t e c hno lo g ie s  o n  re q uire m e nt s  – c e t e r is  p a r ib us

Effects of road innovations

Note: These are results of an internal Delphi exercise. To be repeated/validated with key stakeholders



Inno va t io n  p a c ka g e s

Effects for logistics use cases

Innovation package 1: Limited automation 
 

Innovation package 2: Automation on highways between hubs only allowed overnight 

 
Innovation package 3: Automation on highways between hubs 

 
Innovation package 4: End-to-end autonomous 

 

medium/long haul transport 
Electrification (BEV) 
Automation: package 1: L3; other packages L4/5

Innovation package 5: Autonomous trucks as a service 

 



Effects for logistics use cases

Effect including implementation of solution: 
smart lateral movement of trucks

Note: These are results of an internal Delphi exercise. To be repeated/validated with key stakeholders



Ba rr ie rs  fo r  up t a ke  – Y- fa c to r  a p p ro a c h

Societal/political Resilience and Barriers

Road operators:

The Y factor for Climate Change abatement – A method to rank options beyond abatement costs –
E.J.L. Chappin, M.Soana, C.E.C Arensman TUDelft 2020

Note: These are results of an internal Delphi exercise. To be repeated/validated with key stakeholders
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– Relative importance of requirements can differ by 
scenario

– Weights and scores are determined by a Delphi 
approach with a small group of experts (with the 
actual stakeholders is preferred)

Societal/political Resilience and Barriers

Re q uire m e nt s  fo r  lo g is t ic s  – 2 0 3 5  
(2 )

Note: These are results of an internal Delphi exercise. To be repeated/validated with key stakeholders



C he c k o n “p o lit ic a l” re s ilie nc e

Societal/political Resilience and Barriers

Conclusion: low risk due 
to political changes

Note: These are results of an internal Delphi exercise. To be repeated/validated with key stakeholders



Ho w  to  in t e g ra t e  t h is  a p p ro a c h in  a  b ro a d e r  p ro c e s s ?
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– Which transitions is targeted?

– Who are the key stakeholders?

– Agree on a collaborative approach create shared insights & define targets

– The presented approach provides guidance to this process and can trim down the options

• Relevant technologies

• Possible use cases

• Relevant future trends to consider

• Requirements and relative importance by stakeholder

• Effects of innovations and  integration in logistics; make assumptions made and scoring rules explicit

• Define barriers for uptake and assess risks

– A resulting short list of options can be assessed in more detail. For instance first a more precise assessment of effects by 
semi-quantitative approaches (e.g. system dynamics) and only very small set of preferred options with larger and 
quantitative models (accepting its limitations). 

How to use this approach



tnovector.nl

Tha nk yo u fo r  yo ur  
a t t e nt io n



Up ta ke  o f ro a d  t e c hno lo g ie s  b y  lo g is t ic s  – m a ny  o p t io ns

Effects for logistics use cases

Operational change Implementation options

Battery Charging 

• Charging facilities at home base 
• Roadside charging – no facilities on home base
• Roadside charging long distance – resting time driver
• Charging at logistical node (incl. hub) – (mostly) during handling
• Roadside/at logistical node charging– additional lead time 

Using driverless operation on highway 

• No driverless operation
• Yes, driver remains on board on the highway and performs alternative activities (mainly for short 

distance)
• Driverless operation by transhipment at hub(s) – own account
• Driverless operation by transhipment at hub(s) – other company

Transhipment for Hub-hub driverless highway 
services 

• No transhipment at hub required (O + D directly at highway)
• Transhipment at hub(s) – traditional
• Transhipment at hub(s) – automated

Organisation of the last mile for Hub-hub 
driverless highway services

• Own account
• Truck capacity from partner companies
• Find partner company via an online B2B service platform
• Last mile organised by the automated driving service for highways, i.e., no last mile organisation.

Automated driving and logistics services at night 
(combined with automated driving and hubs)

• Yes
• Only automated driving at night
• No changes to current operation

Cargo monitoring and security system - on board

• Yes, by driver
• No, supervision on driverless truck 
• Yes, supervision on driverless truck by sensors, cameras, remote warning, and automated 

intervention organisation

Ownership models for trucks for driverless 
operation

• Truck operator buys truck
• Automotive provides truck capacity as a Service or lease option
• Automotive provides highway service for truck operators (in combination with online B2B service 

platform)

Customer (shipper) interaction with truck 
operator via online service platform

• Single company online application
• Cooperating companies online application
• Neutral LSP application
• Automated driving service (on highways) online service



Effects for logistics use cases

Note: These are results of an internal Delphi exercise. To be repeated/validated with key stakeholders



3  s c e na r io s  o f p a thw a ys  t o  2 0 3 5
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– Scenario ‘First things first…’ - Instability and Crisis Management: Political 
climate remains instable and several multi-directional changes between political 
streams will occur. Consequently, strategies that are initiated are soon adapted to 
another strategy. Problems that were there in 2024 linger on and are not structurally 
solved, evoking more crisis situations. 

– Scenario ‘The future is ours….’ - Collectivism and Sustainability: The focus is 
put on a more equal distribution of welfare at first, as such in particular serving the 
lower income groups. Many extreme weather conditions will occur, which make it 
clear for the majority that we have to act urgently to reduce climate change. 
Instability in the world and the growing resource scarcity strengthen collectivism in 
society and also create the drive for making smarter use of what we have. 
Consequently, after next elections the key focus on the ‘people’ remains and is 
extended with ‘planet’. 

– Scenario ‘We are the champions…’ - Liberalism and Economic Growth: The 
unstable and hardening global political climate combined with the heavy competition 
to get access to essential natural resources, causes a fear to end up on the losing side 
of global market economy. Liberalism is considered the one and only way forward, 
with as goal to ensure that the Netherlands remains relevant in the global economy 
and politically of interest for the leading countries. The red carpet is laid out for 
innovations and industry supporting this. 

Societal/political Resilience and Barriers

Note:  These last two scenarios are largely inspired by the scenarios developed and recently updated by PBL (PBL, 6 juli 2023)



O ve rv ie w  c ha lle ng e s  – b a s e d  o n p ro to typ e / d ra ft

Key barriers for uptake BEV:
• Battery charging infrastructure:

o Home base operators
o Hubs/terminals
o Resting/parking places

• Electricity network capacity
• Resilience measures (energy outage)

Key barriers for uptake automation:
• Infrastructural needs - Hubs at highways
• Liability
• Adaptation legislation
• Cyber security measures
• Resilience measures (truck operation, supply chain, …)

Conclusions

Technological needs - automotive:
• Security of cargo – to be mitigated by monitoring 

systems
• Reduce damage to infrastructure – mitigated by smart 

lateral movements of trucks to use a larger surface of 
the lane. 

• Cyber security measures



O ve rv ie w  c ha lle ng e s  – b a s e d  o n p ro to typ e / d ra ft
Technological needs - automotive:
• Security of cargo – to be mitigated by monitoring systems
• Reduce damage to infrastructure – mitigated by smart lateral movements of trucks to use a larger surface of the lane. 
• Cyber security measures

Societal Risks requiring (external) mitigation measures:
• Supply chain Resilience
• Data privacy
• Cyber security 
• Inclusive operation

(Other) policy topics:
• Adaptation of relevant regulation (including allowing driverless operation)
• Liability issues
• Level playing field issues of corridor approach
• Supply chain resilience

Conclusions



Furthe r  re s e a rc h
– This approach ….. should be regarded as a prototype. 

– The framework developed has proven effective for this assessment with limited availability of data for the broad range 
of relevant variables. ….relatively easy to implement (in a collaborative approach) …. cost effective. …conclusions … are 
similar to conclusions of studies following a more elaborative approach. … no conflicting … identified….. 

– In ERP Wiser Policy making a system dynamics approach is applied which is more costly to implement but more precise. 
It could be considered to use the approach developed in this KIP for an initial broad exploration of options, and then as a 
next step use a system dynamics approach for the most interesting options.

– The assessment of barriers of uptake is now done at high level. A more in-depth assessment is recommended ….

– The assessment of the effects of the truck technologies and logistical adaptations is done by a Delphi method and the 
scoring is there for sensitive for interpretation and inconsistency. Specific guidelines for how to determine the scores 
for requirements will be an improvement.

– In this project the information is gathered with a Delphi approach with the small set of team members. In the text it is 
indicated which results should be reassessed with a larger group or experts/stakeholders. 

Conclusions



TNO  Ve c to r  - m is s io n
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Translate social and technological developments into perspectives for action to increase future prosperity*

– Properly guiding transitions with proven methods (systems and scenarios)

– Accelerating socio-economic embeddedness of innovation

– From a view of metatrends and the international technological playing field

(*note: prosperity beyond GDP)

TNO Vector
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