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Increase in average global temperature 1880 - 2016
GISTEMP Anomaly (including seasonal cycle)

July 2016
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Year-to-Date Global Temperatures

for 2016 and the other seven warmest years on record
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https://www.ncdc.noaa.gov/monitoring-content/sotc/global/2016/aug/ytd-horserace-201608.png
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Global carbon budget

UNFCC COP 21 Conference on Climate Change

Paris, France

December 2015

Bottom-up rather than top-

down approach to securing 2
country commitments: f
Intended Nationally 1500, &
Determined Contributions et
(INDCs)

International agreement to keep
average global temperature
‘well below’ 2°C above pre- 2°C and 1.5°C scenarios for 2100

industrial times and ‘endeavor Yearly CO, Emissions in GICO;
to limit’ them to 1.5°C



The Scale of the Climate Change Challenge

45 Billion tonnes of CO2

Cuts required for

No slow down “% 50% chance of not
in last decade \ i exceeding 2°C
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= : European climate change targets
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GHG emissions (Gt CO,)

Moving from 4 degree to a 2 degree scenario
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Comparison of the Relative Costs of Cutting Carbon Emissions in Different Sectors by 2030

40% - m Abatement Potential (Gt CO2e) 2030 Share 37%

35% - ®m 2030 Annual Cost (Billion €) Share
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Source: McKinsey (2009) Pathways to a Low Carbon Economy

« transport is more difficult and costly to decarbonize than most other sectors
« freight transport is more difficult to decarbonize than passenger transport

» should be reflected in lower carbon reduction target for freight transport



Scale of the Climate Change Challenge for Freight

ioce

Transport: — Freight share of total transport
CLMATE CHANGE 2014 2010: 6.5 bn tonnes of CO,, \ emissions:

| 2050: BAU 12 bn tonnes of CO,, = bk, 2l 2010: 42%
2050: Limit CO,, from all activity to 20bn F /. 2050 60%

2050: 14% transport share = 2.8 bn tonnes

i e Freight share of total GHG emissions: mm B Only 13% of 158 INDCs
2010: 7% sl specifically refer to freight
2050: 16% (BAU) S transport
One of the ‘most challenging sectors’ in = ‘ .l Only 10% of transport
which to achieve ‘deep emission reductions’ | - igfl mitigation measures relate to
g ‘A greening of freight transport

Freight tonne-kms forecast to increase between 2.5 and 4.5-fold between 2010 and 2050

S Given current freight forecast, to achieve 60% reduction in freight-related CO,
EEa emissionsin EU by 2050, average carbon intensity must fall to a fifth of its 1990 level.


http://mitigation2014.org/

Adapting the Kaya Indentity to Freight Transport
Kaya Identity (IPCC 1990)

Total CO, Emissions = Population x GDP/ Population x Energy/GDP x CO, / Energy

Freight application of the Kaya Identity

Freight CO, Emissions = GDP x tonne-km / GDP x vehicle—km / tonne-km x energy / vehicle-km x CO2 / energy

transport intensity asset utilisation energy efficiency carbon content
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transport intensity asset utilisation energy efficiency carbon content



Kaya Identity (IPCC)

Total CO, Emissions = Population x GDP/Population x Energy/GDP x CO, / Energy

road

modal |
split

waterborne

aviation

~ FreightCO, Emissions =

Freight CO, Emissions =

rail

Freight CO, Emissions=

Freight CO, Emissions=

Freight application of the Kaya Identity

GDP x tonne-km/ GDP x vehicle —km/tonne-km x energy /vehicle-kmx CO2/ energy

transportintensity asset utilisation energy efficiency carbon content

GDP x tonne-km/ GDP x vehicle —km/tonne-km x energy /vehicle-kmx CO2/ energy

transport intensity asset utilisation energy efficiency carbon content

GDP x tonne-km/ GDP x vehicle—km/tonne-km x energy /vehicle-kmx CO2/ energy

transportintensity asset utilisation energy efficiency carbon content

GDP x tonne-km/ GDP x vehicle—km/tonne-km x energy /vehicle-kmx CO2/ energy

transportintensity asset utilisation energy efficiency carbon content

© alan mckinnon (2016)

4 total freight-related CO, emissions



Potential for Decarbonising Freight Transport in 15 Countries: 2010 - 2050

Decoupling energy
use from freight t-km

decoupling of freight
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freight transport intensity energy intensity of freight transport

Decoupling freight energy
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Assessing the effect of external factors on the decarbonisation of logistics

TIMBER framework
categories of external factor
Technology
JIe odal sp
Infrastructure
Market enicle atio

Behaviour
> Fuel efficiency

Energy

Regulation

© alan mckinnon (2015)



Assessment of the Influence of External Factors on Logistics Decarbonisation
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Publication of final report as book in mid-2017



Developing a Carbon Management Strategy for Logistics

CALCULATE

7/ C approach
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Developing a Carbon Management Strategy for Logistics

7/ C approach

CALCULATE = COMMIT



Derivation of Science-based Targets for Businesses

iooe

Energy Technology
P - Perspectives 2014 -~ >

—_— - ]

Temperature Representative
increase concentration
threshold pathway

Global carbon
budget

Input entered
by the
company

Science SDA: Sectoral Decarbonisation Approach
Based
Targets




Sectoral Disaggregation of Science-based Targets

Services/Commercial buildings Services/Commercial buildings
o
BUILDINGS
6 /O Residential buildings

Freight is in the residual
‘Other transport’ category

Aviation Aviation

14 % TRANSPORT Rail passenger transport Rail passenger transport

Heavy road passenger transport Heavy road passenger transport
Light road passenger transport Light road passenger transport Definition of Truckin g

Other industry Other industry . _
Pulp and paper Pulp and paper COmpanleS prOVIdlng
2 1% INDUSTRY Chemicals and petrochemicals Chemicals and petrochemicals primari |y goods

Aluminium Aluminium
Iron and steel Iron and steel

and passenger land
Cement Cement transportation. Includes
vehicle rental and taxi
companies.

SBT team could find ‘no
activity information’ for
2 5% EII'-JEDC;EETY Power generation Power generation frelght in the IPCC and IEA
reports — relied on
monetary surrogates

IPCC SECTORS DETAILED SECTORAL SDA
BREAKDOWN



Developing a Carbon Management Strategy for Logistics

7/ C approach

CALCULATE =) COMMIT

CHOOSE



Scoping the Decarbonisation of Logistics

Logistics System Design / Supply Chain Restructuring
Freight Modal Shift

Vehicle Routing and Scheduling

Vehicle Loading

Driving
Vehicle Maintenance

Vehicle

Technology
Alternative

Fuels

= total
vehicle-kms

total
emissions

emissions per
- vehicle-km © alan mckinnon (2015)




Climate Change Mitigation Measures Specified for Freight in INDCs

Content of 158 INDCs for185 countries analysed
43% explicitly refer to passenger transport
13% explicitly refer to freight transport

Analysis by Sudhir Gota
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Opportunities for Decarbonizing Freight Transport at Corporate Level

reduce transport intensity

restructure supply chains

P & LI
* relocalize / decentralize

* reversal of business trends

* high carbon-mitigation costs

© alan mckinnon (2016)



Opportunities for Decarbonizing Freight Transport at Corporate Level

reduce transport intensity

—

restructure supply chains

&< el £
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* relocalize / decentralize
* reversal of business trends
* high carbon-mitigation costs

trrrteerr ey /’

Unilever ‘ice-cream’ train from Naples

shift freight to lower carbon modes

* potentially large reduction in
average carbon intensity

* reversal of past modal trend

e emphasis on corridor strategies
and intermodality

* avoid long term logistical ‘lock-

in” to high carbon modes

mene 7 R




Opportunities for Decarbonizing Freight Transport

restructure supply chains

* relocalize / decentralize
* reversal of business trends
* high carbon-mitigation costs

improve asset utilization

et " |
‘Fulln We.

Fiint i Volurhe

Semitrailer + center axle trailer

logistical collaboration — transport asset sharing
diffusion of online load matching to emerging markets
relaxation of vehicle / vessel size and weight constraints

shift freight to lower carbon modes

e potentially large reduction in
average carbon intensity

* reversal of past modal trend

* emphasis on corridor strategies
and intermodality

A1 1N N
MRNE "5 QO

energy-saving technologies — new build + retrofits
fuel economy standards: applied to trucks and ships
vehicle operation: eco-driving, IT, platooning etc.
business practice: deceleration of freight movement




Decelerating Freight Transport: Energy Saving
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CO, emissions

Relationship between Supply Chain CO, Emissions and Time

10

time

CO, reductiondue
to deceleration

—

. processing of inbound order

. internal administration / checks

. order picking

. order awaiting loading

. vehicle loading

. vehicle waiting time

. delivery

. waiting time at reception point

. vehicle off-loading and put-away
10. product storage prior to use / sale

O o~ oYUl B WN B

Increasein
orderlead time

v

time compression of non-transportactivities

» accelerate internal processes
» offsets longer transit times

* net energy / CO, saving within fixed lead time

27
© alan mckinnon (2016)



Opportunities for Decarbonizing Freight Transport

restructure supply chains

Y e
ol

* relocalize / decentralize
* reversal of business trends
* high carbon-mitigation costs

improve asset utilization

=
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e relax JIT — net CO, impact on a full life cycle basis?

* logistical collaboration — transport asset sharing

» diffusion of online load matching to emerging markets

* relaxation of vehicle / vessel size and weight constraints

shift freight to lower carbon modes

* potentially large reduction in
average carbon intensity

* reversal of past modal trend

* emphasis on corridor strategies
and intermodality

MRNE ) {;_' ik

raise energy efficiency

* energy-saving technologies — new build + retrofits

* fuel economy standards: applied to trucks and ships
* vehicle operation: eco-driving, IT, platooning etc.

* business practice: deceleration of freight movement

alter the energy mix

=1

* repowering with low carbon electricity: grid dependent
* switch to bio-fuels: slow uptake / net carbon benefits?
* development of refuelling / recharging infrastructures
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Developing a Carbon Management Strategy for Logistics

7/ C approach

CALCULATE — COMMIT

COST < CHOOSE



Cost per tonne CO , averted ($/tonne)

Cost effectiveness of decarbonization initiatives in the logistics sector

Marginal Abatement Cost Analysis of Shipping Decarbonisation Measures

40 — Voyage execution

Boiler consumption reduction

— Engine monitoring

/_ Auxiliary power reduction

Optimal trim

20

-20

\ \ Wind power ——
-40

Weather routipg

-60

H H H \_ Fleet optimization and L Self?
H MIMI | speed reduction financing

L—— Hull condition

80 opulsion efficiency devig

M |‘|‘||.||. o efficiency
IR I

=100
0 50 100 150 200
Source: DNV CO; reduction (mill tonnes per year)

Close correlation between cutting carbon emissions and saving money

Harvesting low-hanging-fruit ™ new ‘climate-centric’ business paradigms



Future economics of greening logistics activities?

15 - S
10 - | \ -
A s —
"2 CO, saved
3 - -
Target

harvesting investment in low Internalisation of
low hanging fruit emission technologies  environmental costs

minimal investment o3 jancing of logistical - Sacrificing growth, Rol

self-financing trade-offs and profitability

Adapted from Tavasszy (2014)



Developing a Carbon Management Strategy for Logistics

7/ C approach

CALCULATE ) COMMIT

COST < CHOOSE
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Developing a Carbon Management Strategy for Logistics

7/ C approach

CALCULATE ) COMMIT .

COST - CHOOSE o

l b e eeeereeaereeeaeeeaaaereaeaneeaeaneeeaanns eeeeeeeeeaa—eaeaaneeaaanns
v v

corporate learning process SRR

© alan mckinnon (2016)



Developing a Carbon Management Strategy for Logistics

8 C approach

CALCULATE - COMMIT .

COLLABORATE - CHOOSE
<l




Relationship between Climate Change Mitigation and Adaptation

‘Many adaptation and mitigation options can help address climate change, but no

single option is sufficient by itself’
IPCC 5AR Synthesis Report 2014

Climate change impacts

| | & ™ 6 42l o @

Warming Extreme Drying Extreme Damaging _ Storm Ocean Carbon dioxide
trend temperature trend precipitation cyclone Flooding surge acidification fertilisation

Climate change likely to prove to be non-linear, requiring more rapid adaptation

May be grossly under-estimating the amount of effort, time and resources
that will be required for adaptation and climate proofing



http://upload.wikimedia.org/wikipedia/commons/9/9a/Ryde_Esplanade_railway_line_and_tunnel_flooding.JPG

2014

JOINT REPORT ON
MULTILATERAL DEVELOPMENT BANKS'
CLIMATE FINANCE

25 Mo = 908 _G

Global Climate Finance

JOINT
MITIGATION/
MITIGATION ADAPTATION ADAPTATION

Adaptation

1 21St century —



Logistics Climate Research: Holistic Approach

‘Little research has so far been conducted on the inter-relationship between adaptation and mitigation
strategies in the transport sector’ IPCC AR5 vol 3

measurement of logistics / SC emissions assessment of climate impacts on logistics / SC
threats opportunities
setting targets for emission reduction | |
I climate risk auditing decarbonisation of other sectors
decarbonisation initiatives | |
climate-resilience initiatives climate-proofing of infrastructure
I
internal logistics external geo-engineering
collaborative sourcing-related | |
I I logistics supply chain
technological operational behavioural
carbon mitigation potential inter-relationship adaptation potential
cost effectiveness — between mitigation — cost effectiveness
uptake rates, barriers and enablers and adaptation efforts Uptake rates, barriers and enablers
inter-dependences inter-dependences

© alan mckinnon (2015)



Examples of Future Research Questions?

To what extent will climate change adaptation increase the level of
logistical activity / generate additional freight traffic and related CO,?

How can we minimize logistics-related CO, emissions from:

e climate-proofing

» redistribution of population / construction of new settlements

* movement of materials for the decarbonisation of other sectors

chains to climate change:

e.g. modal shift to rail / inland waterways

How should future resources be allocated between mitigation and
adaptation efforts in the logistics sector?




Last resort: geo-engineering to the rescue
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How much material would have to be moved to keep the planet habitable?
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