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Transport – systemic
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Transport – a structural view
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Transport Systems
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Vehicle vs Infrastructure
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FlexibilityScale effects



Transport as system of vehicle and (infra)structure
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How has transport to respond to climate change?

1. Mitigate

1. Decarbonize 

→ Electrify 

Engineers like this topic

2. Avoid and Shift

→ Serving human needs without or with other modes of transport

mobility researchers like this topic

1. Adapt

→ Making transport systems resilient (robust, flexible, fixable)

Nobody likes this topic
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Mitigation
What means Transport to Climate Change?
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Carbon Emissions Transport
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Growth
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source: World Bank 



GHG Emissions Germany
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Transport is oil based
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Transport needs

transportable energy!



Oil is transport based
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Mitigation Measure I – Technologies

• Electrification

• Batteries

• Hydrogen

• Contact Wire

• Biofuel

• Nuclear

• Autonomous Driving
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Technology Pro Con

Batteries • Easy technology (electric 

motors)

• Links to existing 

infrastructure (power grid)

• Low reach

• Ressource usage (rare earths)

Hydrogen • Medium to high reach

• Transportable fuel

• Difficult Technology

• Expensive

Contact Wire • Links to existing 

infrastructure (power grid)

• Well known technology

• Initial Investment

• Maintenance

• Not innovativ

Biofuels • Compatible with existing 

technology (motors) and 

infrastructure

• Not reallycarbon neutral

• Crowding out of food crops

Nuclear • Very (!) high reach

• Existing Technology, in use

• All what is wrong with nuclear in 

general

Pathways to Post Carbon Logistics II | Ch. Henseler | REFORM group meeting 2019

Seite 16



Mitigation Measure I -- Technologies

• Electrification

• Batteries

• Hydrogen

• Contact Wire

• Biofuel

• Nuclear

• Autonomous Driving

Pathways to Post Carbon Logistics II | Ch. Henseler | REFORM group meeting 2019

Seite 17

Short Haul

Medium Haul

Long Haul

Urban Rural

Medium/Long Trips

Commuting



Mitigation Measure I -- Technologies

• Electrification

• Batteries

• Hydrogen

• Contact Wire

• Biofuel

• Nuclear

• Autonomous Driving

Pathways to Post Carbon Logistics II | Ch. Henseler | REFORM group meeting 2019

Seite 18

Short Haul

Medium Haul

Long Haul

Urban Rural

Medium/Long Trips

Commuting



Mitigation Measure I -- Technologies

• Electrification

• Batteries

• Hydrogen

• Contact Wire

• Biofuel

• Nuclear

• Autonomous Driving

Pathways to Post Carbon Logistics II | Ch. Henseler | REFORM group meeting 2019

Seite 19

Short Haul

Medium Haul

Long Haul

Urban Rural

Medium/Long Trips

Commuting



Mitigation Measure I -- Technologies

• Electrification

• Batteries

• Hydrogen

• Contact Wire

• Biofuel

• Nuclear

• Autonomous Driving

Pathways to Post Carbon Logistics II | Ch. Henseler | REFORM group meeting 2019

Seite 20

Short Haul

Medium Haul

Long Haul

Urban Rural

Medium/Long Trips

Commuting



Mitigation Measure I -- Technologies

• Electrification

• Batteries

• Hydrogen

• Contact Wire

• Biofuel

• Nuclear

• Autonomous Driving

Pathways to Post Carbon Logistics II | Ch. Henseler | REFORM group meeting 2019

Seite 21

Short Haul

Medium Haul

Long Haul

Urban Rural

Medium/Long Trips

Commuting



Mitigation Measure I -- Technologies
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Truck
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How the freight industry sees it
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ICE
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Autonomous Driving
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Autonomous Driving
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Electrifictaion --> Miniaturisation
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Miniaturisation
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Mitigation Measure I -- Technologies

• Electrification

• Batteries

• Hydrogen

• Contact Wire

• Biofuel

• Nuclear

• Autonomous Driving
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Unsolved Issues

Maritime Transport
• Pro: very efficient

• Very high reach needed

• Very little infrastructure

• Ships are currently waste burners

• High energy density

• Batteries: not enough capacity

• Hydrogen: might work,

• Large international shipping as the last 

refuge for nuclear?

Air Transport
• Pro: infrastructure light and flexible

• High reach, low load

• Batteries: not realistic for long haul (except

air ships)

• Hydrogen: dangerous in high altitudes

• Current approach: Biofuel and reduce
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Better Solutions needed!



Mitigation Measures II -- Policies

• Modal Shift

• Avoiding
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Mitigation Measures II -- Policies

• Modal Shift

• Avoiding
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Mobility (Passenger Transport)

Urban
• Almost no real mobility problems

• Relatively good provision of public transport

• Overabundance of new mobility offers

• Attractive B2C market

• Solutions known, issue: implementation

• High interest of mobility research

Rural
• Large and increasing problems

• Poor provision of services

• Almost no new mobility solution providers

present

• Unattractive market, difficult business

models

• Solutions unknown, need for innovation

• Low interest of mobility research

Pathways to Post Carbon Logistics II | Ch. Henseler | REFORM group meeting 2019

Seite 33



Urban Transport - end of the age of cars

• Public Transport

• Public Transport

• Public Transport

• Large ‚Container‘ sizes

• Getting cars out of the city

• People driven Transport (Walking, Biking)

• Electrification

• Some autonomous shuttles

• Avoid and shift
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Urban Transport – Modal Shift
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Urban Transport – Bike performance
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„The Car won‘t go away.“ Remember Smoking?
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Urban Transport – „Sharing“
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Urban Mobility – Avoiding the Commute
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Last Mile – mobility
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Why care?
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Rural Mobility – Transport Poverty
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Rural Mobility – Transport Poverty
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Rural Mobility
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The Greenfield: Africa

• Only 34% of the inhabitants of

southern Africa have street access. 

Rubaba Ali, Federico Barra, Claudia Berg, Richard Damania, John 

Nash, and Jason Russ, Highways to Success or Byways to Waste, 

2015 International Bank for Reconstruction and Development / 

The World Bank Washington, DC.
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Energy Poverty

• Energy Poverty: keine Anbindung ans Energienetz behindert die wirtschaftliche Entwicklung 

ländlicher Räume (und GHG-Emissionen durch Dieselgeneratoren).
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Access to electricity, rural (% of rural population)

East Asia & Pacific Latin America & 

Caribbean

Sub-Saharan Africa

source: Own Design, Data: World Bank



Adaptation
What means Climate Change for Transport?
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What Means Climate Change for Transport

Climate Change means…

Our world is and will be constantly and fast changing 

→ we need flexible, light-weight systems, easy to adapt and to rearrange

We will have to cope with more (destructive) weather events and other natural 

hazards

→ We need resilient systems, either cheap and easy to replace or robust and 

easy to repair
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The issues with infrastructure

• Not carbon neutral themselves

• Expensive

• Long Term Investment: depreciation cycles of 50 years

• → Induce high path-dependency

• Induce Traffic
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GHG Emissions
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Emissions Rail Infrastructure
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Costs
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German 

Waterways

1920
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German 

Waterways

2019
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„Alle schiffbaren 

Wasserstrassen, Seen, 

Kanäle und Flüsse in 

Deutschland“

http://www.water-

ways.net/d/info/deutschla

nd/

source: Own Design, Data: ViZ, Destatis

http://www.water-ways.net/d/info/deutschland/


… and its age
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BVWP2030, 2016, S.31



Railroad in 

Germany 

1950
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Railroad in Germany 

1999
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Railroad in 

Germany 2010
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And the Road?
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?

source: Own Design, Data: Verkehr in Zahlen, Destatis



What to do in the brownfield?

• Invest carefully in new infrastructure, it might not be needed

• General: autonomous driving will reduce space consumption on and of streets

• Re-use, re-purpose existing infrastructure

• small, intelligent vehicles on tracks and roads
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The Greenfield: Africa

• Only 34% of the inhabitants of

southern Africa have street access. 

Rubaba Ali, Federico Barra, Claudia Berg, Richard Damania, John 

Nash, and Jason Russ, Highways to Success or Byways to Waste, 

2015 International Bank for Reconstruction and Development / 

The World Bank Washington, DC.
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The village road is cheap…

Pathways to Post Carbon Logistics II | Ch. Henseler | REFORM group meeting 2019

Seite 63

s
o
u
rc

e
: 
L
a
m

p
a
tz

e
r

e
t 
a
l.
, 
V

e
rg

le
ic

h
e
n
d
e
 

U
n
te

rs
u
c
h
u
n
g
 u

m
w

e
lt
-

u
n
d
 

k
lim

a
re

le
v
a
n
te

r 
W

ir
k
u
n
g
e
n
 v

e
rs

c
h
ie

d
e
n
e
r 

V
e
rk

e
h
rs

m
it
te

l 
b
e
i 
d
e
r 

E
rf

ü
llu

n
g
 

a
u
s
g
e
w

ä
h
lt
e
r 

T
ra

n
s
p
o
rt

a
u
fg

a
b
e
n
 im

 

G
ü
te

rv
e
rk

e
h
r,

 2
0
0
0
.



… but is it worth it?
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Energy Poverty

• Energy Poverty: keine Anbindung ans Energienetz behindert die wirtschaftliche Entwicklung 

ländlicher Räume (und GHG-Emissionen durch Dieselgeneratoren).
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Access to electricity, rural (% of rural population)

East Asia & Pacific Latin America & 

Caribbean

Sub-Saharan Africa



Offroad E-CargoBikes

Präsentationstitel Blindtext Lorem ipsum dolores | M. Mustermann | Anlass der Präsentation
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source: anywhere.berlin



Projektidee 

Dezentrale Micro-Grids basierend auf PV und Wind 

+ dezentrale mikrologistik-Systeme basierend auf 

Elektromobilität.

• Leapfrogging the Road: Bereitstellung 

ländlicher Mobilität und Logistik ohne Straßen 

und die damit verbunden (direkten, indirekten 

und ökologischen) Kosten.

• Leapfrogging the Grid: Energieversorgung 

von Haushalten, Klein- und Mikrounternehmen 

und Transportsystem durch Mikro-Grids und 

Elektromobilität als Speicher.

• Low-impact, zero-emission and labor-

intensive sustainable mobility and energy 

solutions.
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Off-grid-solar power

+

+

electric off-road cargo bike

Local manufacturing

+ existing track network

= Green transport system on the

cheap

→ Leapfrogging the road



Pilot

Komponenten

(A) Mikrologistik mit elektrischen Off-Road Lastenfahrrädern

(B) Dezentrale PV-Micro Grids zur Energieerzeugung

(C) Lokale Endfertigung von eCargoBikes in Micro Factories

Aktionen

• intensive Einbeziehung von lokalen Anwohnern, 

Stakeholdern und Nutzern, um mit diesen gemeinsam 

ein für die regionalen Spezifika und Bedürfnisse geeignetes 

Konzept und Plan zu entwickeln.

• Die Entwicklung von Business- und 

Finanzierungsmodellen für Logistik-, Produktions- und 

Energieerzeugungs- Micro-Entrepreneurship. 

• Schulung und Training der Nutzer und Unternehmer.

• Die Evaluation, Impactanalyse (Modellrechnung, Messung).

• Überführung in ein replizierbares Entwicklungsmodell.
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The Future of offroad?
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New Systems without village road
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Some Conclusions

• Urban Transport: get rid of individual motorized transport

• Avoid, shift and improve life quality

• Find new solution for commuting (e.g. working less)

• Re-Think rural transport: here solutions are needed and needed fast

• Be careful with infrastructure investment – you will be stuck with them

• Re-Use existing infrastructure

• Build system for a changing world

• Don‘t follow all the paths
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Many Thanks!
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