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Agenda yo s
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O 4 main subjects

o Activities
— Transport
— Warehouse, Distribution centers,...
— Transport items: containers, pallets, crates, cardboard...
— Supply chain design

e CO, and other impacts
— Congestion, pollutants
— Accident, noise
— Lost of land

A .
Perimeters

e Evaluation methodologies
— Analytic formula : theory and levers
— Proxy evaluation : consumption
— Insight from micro evaluation

Impacts

e Perimeter
— Direct: tank to wheel ,
— Extended: well to wheel Methodologies
— “Embedded emissions”

E. Ballot September 2016



Activities

O A maijor focus on transport

e Many activities to track
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O A maijor focus on transport

e Many activities to track

Courtesy of CGF

-

Warehouse or

Distribution Center
Distribution Center
\255
R

e \Narehouse

Easier to measure (less subcontracted or few are
shared)

Main difference between cold chain and ambient
chain

A major factor is employees’ trip up to 1/3 in Cold SC
in France (H. Chaari, PhD thesis 2014)

Cold chain DC = same order of magnitude as
transport but less studied

)

E. Ballot
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Activities

pos

MINES
Pa risTech*

O A maijor focus on transport

e Many activities to track

Warehouse or

Distribution Center

Courtesy of CGF

e Packaging levels (1/4 of plastic mass)

— Consumer packaging

— Cardboard boxes (transport and recycling)
— Plastic crates (transport and reutilization)
— Pallets (transport and reutilization)

e Difficult to find independent evaluation

— Cardboard vs. plastic industries

PLASTICS
PRODUCTION

RATIO OF PLASTICS
TO FISH IN THE
OCEAN'

(BY WEIGHT)

PLASTICS’ SHARE
OF GLOBAL OIL
CONSUMPTION?

PLASTICS' SHARE
OF CARBON
BUDGET?

Plastic utilization: 32% of
packaging leaks in nature

2014 2050

- - - -

3N MT 1,124 MT

N O OV Ao

P & D=t
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1:5 >1:1

6% 20%

1% 15%

Source: Ellen McArthur foundation

— Many parameters to control for comparisons (fill rate, distances, energy sources,...)
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O A maijor focus on transport

e A major lever: the design of supply chain
— Short distribution circuit: supply chain to assess

¢ An example of green supply chain design (fast food sector): trade off between
investment and SC footprint

17 000 000

15 000 000

13 000 000

«7{

11 000 000

9 000 000

Emissions CO2 (kg)

7400000000 —@=— Optimisation des colts

—&— Optimisation des émissions
5 000 000

50000000 € 100000 000 € 150000 000 € 200000 000 € 250000 000 € 30000

Colt d'investissement (€)

Source: H. Chaari, PhD thesis 2014 /
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Activities //Qf*

O A maijor focus on transport

e A major lever: the design of supply chain
— Short distribution circuit: supply chain to assess

e An example of green supply chain design (fast food sector): trade off between
investment and SC footprint

Sans contraintes Contrainte Contrainte Contrainte
120000 000€ d’investissement de 150 M€ de 120 M€ de 105 M

115000000 €
110000 000 €
105000 000 €

100000 000 €

Colt d'exploitation (€)

SDLLIOLT —&— Optimisation des émissions
—&— Optimisation des colts

90 000000 €
5000000 7000000 9000000 11000000 13000000 15000000 17000000 1900

Emissions CO2(kg)

Source: H. Chaari, PhD thesis 2014
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Agenda o

O 4 main subjects

o Activities
— Transport
— Warehouse, Distribution centers,...
— Transport items: containers, pallets, crates, cardboard...
— Supply chain design

e Evaluation methodologies : CO, example
— Analytic formula : theory and levers 1 Perimeters
— Proxy evaluation : consumption
— Insight from micro evaluation

Impacts

Methodologies
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Measurement methodologies: CO, /Zj*

ParisTech

O Statistics approach

e Most used approach

The consumption is transformed in emissions
— 1kg gasoil generates 2.95 kg CO,

Easier to use but a lot of differences between urban an intercity trips

In France it is in the law to report CO, emissions from transport.
— L. 1431-3 du code des transports

4 levels of accuracy

— Level 1: values by default for a given vehicle class
Example: 12T truck — 1.8 of payload 0.240l/km

— Level 2: average consumption of the carrier’s fleet
— Level 3: average but by type of service
— Level 4: actual consumption of a service > Maybe in the furfur but marginal now

10
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Measurement methodologies: CO,, £z N

Parislech

O Analytic approach

e Emissions of Trucks,

e COPERT report, COST and MEET research projects

Emissions are split into 3 categories: cold / hot / evaporation

If we focus on an empty truck on a flat road with v=speed, an, b, c, d, e, f, K are
parameters dependent of type of truck: weight, technology and norm

d e
=K+av+bv’ +cv’ +—+—2+i3

Eh
vV v 1%

ot

To take into account load and gradient

vide
Eg/km = Eg/km (V)X Ccharge x Croule
C () 2 3 2 3 u
charge — (}/’V)=K+n7/+p}/ +qy +rv+sy +tv +—

v

Crowe =¥ (V) = A, v + Ay o + A, -yt + A, p? + A, p? + A p! + A,

Hickman, J., et al., Methodology for calculating transport emissions and energy consumption, in Deliverable 22 for the project
MEET E.C.D. VII, Editor. 1999, Transportation Research Laboratory: Crowthorne, UK. p. 362.

E. Ballot
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O Analytic approach

e Emissions of Trucks...

e COPERT report, COST and MEET research projects
— lllustration : speed sensitivity

1600

— CO, emissions could

change by: /
1200 \

50% according to the speed

42% according to the load 800

For HDV [32- 40t]

400

g(COZ)/km

€ 20 40 60 80 100 120

Km/h
An average speed is not a good indicator for emissions

12
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Measurement methodologies: CO,, £z N
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O Analytic approach

e Emissions of Trains...

e COPERT report, COST and MEET research projects

— Trains are influenced by several factors: speed v, weight T/Tpt and distance
between stops x.

E —wsEC-LM pepp . L
Tpt 3.6-10°
— With
2
WSEC =— 00197 463
tonne x km Inx

We usually don’t know the distance between two stops [A=1£30%] in [50, 250] km
If the speed varies from 80 to 100 [A=+56%)]

— BESF = emission factor for a given source of energy gkwh

Jgrgensen, M.W. and S.C. Sorenson, Estimating Emissions from Railway Traffic, in Deliverable No 17, R.f.t.P. MEET,
Editor. 1997, Technical University of Denmark: Lyngby. p. 136.
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Measurement methodologies: CO, yo s
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O Analytic approach
e Emissions of Trains...
e COPERT report, COST and MEET research project
— Truck tank to wheel —— Camion c
_ Train We” tO Wheel Train électrique avec émission 45 g CO2/kWh é
30 - ——Train électrique avec émission 1024 g o
CO2/kWh i
'g Il
< X
] ©
: 5
S <
s >~
o
o
W
>
€ 100 200 300 400
tonne
e Production of energy is a major factor of differentiation Germany / France = 20
14
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A tool for optimization //@i

ParisTech
O Very sensitive choice
CO, emissions per km
e Fill rate impact 1 Q‘-
— Hypothesis = C
« Payload 25t Ehull
- 80km/h flat road Qﬂ—zj l
Eompy = 0.772 kg/km E ompry :
&g~ 1.096 kg/km [
I [
o e
e 2 half full trucks vs. 1 full 25t Payload weight
2x0.93=1.86 > 1.09 /-41% of reduction!
] I
e Modal shift impact 5 —
- P Trucks
— Hypothesis E ) P
* French CO, emission factor S
« Up to 20 times less é 3 —
G.)Nz o
S Train
B o EROOPUPP PP
) Pallets
15
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Measurement methodologies: CO,,

O Experimental approach

e A complex approach

pos
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METHODOLOGY OF DATA COLLECTION — MULTIFACTOR PROBLEM

TYPE OF

DATA COLLECTION TOOLS DATA

Data collection

method_

Bg Transport Management System Tour specification

Weather DATA
BN (geographic and
seasonal
variabilit
Chronotachygraph
Data

Data measuring equipments (*)
(Masternaut)

BUSCAN DATA

(*) The communication is made through GPRS connection

DATA

Activity of the
Driver

Truck type

v

Tour type and

v

distance

v

Vehicule load

Speed

\ 4

Km/h

Acceleration and

v

Brake

A three-step data collection :

o Define the tour specification;

e Report the real tour activity statistics (Masternaut);
e Add the weather specifications;

v

Stop

Real Fuel

E. Ballot

September 2016

v

Consumption
L/100 Km

H. Chaari ILS conference 2012
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O Experimental approach

e Example of principal

component analysis
(F1andF2:50,55 %)

— Speed
Consumption diminishes _
. Acceéleration
with speed ! -
— Load
§ 0,25 Vitesse T Freinage
™~
. N‘ L L L L L 1
— Raln : 0 ¥ T T T T T
Hy 1 Temps
) . u'-0,25 Pluie d’attente
— Driver behavior
05
0,75
— Not controlled factors: K

-1 975 05 025 0 025 05 0,75 1

» Tire pressure,
F1 (33,28 %)

17
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Measurement methodologies: CO, //@/
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O Experimental approach

e Actual consumption of a set of vehicle tours in the South-East of France.
— Delivery of food in urban areas, mid towns and rural areas.
— Trend is the monitoring of an eco driving experimentation during operations
— A huge variance!

How to separate a great driver from a fuel efficient tour?
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O 4 main subjects

o Activities
— Transport
— Warehouse, Distribution centers,...
— Transport items: containers, pallets, crates, cardboard...
— Supply chain design

o Evaluation methodologies
— Analytic formula : theory and levers 4
— Proxy evaluation : consumption
— Insight from micro evaluation

‘ .
Perimeters

e CO, and other impacts
— Congestion, pollutants
— Accident, noise
— Lost of land

Impacts

Methodologies

19
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Congestion
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Noise

-

Accidents

Land utilizatio‘) '
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- "'f“":.
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Transport impacts... (without congestion) }Zi

Parislech
O Avalue on all negative externalities - Delft report
Average external costs 2008 for EU-27*: freight transport (heavy freight transport; excluding
congestion)
EUR per 1,000 tkm - - -

Fa Up- & Downstream (difference low/high scenario)

35 34.0 O Climate Change (difference low/high scenario)

o e m Up- & Downstream Processes

m Climate Change Plan Ch

30 . Oc a'H;
O Other Cost Categories lda/g
W Noise ~. < ’OOUr Pa .

25 W Air Pollution d —\‘-'- Fis
MW Accidents :

20 Differentiated cost for rail:

- Rail Electric: 6.6 €/1,000 pkm
15 - Rail Diesel: 12.4 €/1,000 pkm
7.9
10
A
5
0
HDV Rail Freight Inland Waterways

About 0.6€/Vkm

E. Ballot
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Transport impact... (congestion)

yo s

Paricicen X
O The impact on other users of road, rail, port, air...

Recommended maximum congestion charges by road type (€,00s per VKM)
Area and road type Passenger cars Goods vehicles HDV
Min. Centr. Max Min. Centr. Max. PCU

Large urban areas (> 2,000,000)
Urban motorways 0.33 0.56 1.00 1.17 1.94 3.50 3.89
Urban collectors 0.22 0.56 1.33 0.56 1.39 3.33 2.78
Local streets centre 1.67 2.22 3.33 3.33 4.44 6.67 2.22
Local streets cordon 0.56 0.83 1.11 1.11 1.67 2.22 2.22

Small and medium urban areas (< 2,000,000)
Urban motorways 0.11 0.28 0.44 0.39 0.98 1.56 3.89
Urban collectors 0.06 0.33 0.56 0.14 0.83 1.39 2.78
Local streets cordon 0.11 0.33 0.56 0.22 0.67 1.11 2.22
Rural areas

Motorways* 0.00 0.11 0.22 0.00 0.39 0.78 3.89
Trunk roads* 0.00 0.06 0.17 0.00 0.14 0.26 2.78

Source: Updated from CE/INFRAS/ISI, 2008a.

E. Ballot

September 2016
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From physics to economy
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O Avalue on all negative externalities

e 1kg gasoil generates 2.95 kg of CO, and the value of CO, is 90€ /t

e € are useful to rank and sum externalities

e However there is no consensus on values even (especially)

on CO,

e \What is the value of congestion?
— External impact on others?
— In urban delivery it is a function of:

Size

Time

Stop duration

Width of street / width of the vehicle
Parking availability

Source Delft report 2014

Shadowrﬁr',féggi_"ghaga&,,,,,%%%%

Valuation
environmenta

and weigh;,
Ng of emjices
pacts < ssions ang

E. Ballot

September 2016
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A practical consequence 9
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O Isita good idea to switch from heavy duty vehicles to light electric duty vehicles?

e |n a major the city the major could think about removing trucks and other
commercial vehicles ...

o We consider here a 500tkm delivery:
— GHG emissions cost:

Urban delivery LDV Elec. 80% 1t HDV 26T Euro VI 80% 10t
GHG 0€ 4,24 €
Total (10x) 0 € 4,24 € |

Source: Tk’Blue

25
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A practical consequence 9
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O Isita good idea to switch from heavy duty vehicles to light electric duty vehicles?

e |n a major the city the major could think about removing trucks and other
commercial vehicles and switch to electric light duty vehicles

o We consider here a 500tkm delivery:
— GHG emissions cost:

Urban delivery LDV Elec. 80% 1t HDV 26T Euro VI 80% 10t

GHG 0€ 4,24 € w
Congestion 8 € 20,09€ | 2
Pollution 0,21 € 1,03€ |
Accident 0,55 € 0,55 € =
Noise 0,14 € 3,89 € 3
Total 93 € 30€,

26
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A practical consequence //j*
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O Isit a good idea to switch from light duty vehicles to drones

As you like! From an environmental footprint point of view
if you are able to reasonably fill the LDV

27
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Another practical consequence AT N

Parislech

O Fill rate and vehicle size adjustment is really important!

100000

10000 'm

- \
100 ! &

10 I T T T 1

g CO,

28
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Another practical consequence AT N

Parislech

O Fill rate and vehicle size adjustment is really important!

miﬁw

é ‘5‘(5);: 43% 43/0 \ ] 1990
S L0 \\ 2014
35% \ v
30% \ 24% 22%
20% AT
° 114% 157%
15% 10%
10% 6% 9
o7
O% - I  — 1 T | E— T | p— 1
X e N Q S N e > 2 Q S
N\ K\ ‘\00 A\) Y R N >
Q < 4\5 ] Q
B\

Source CITEPA / format SECTEN - avril 2016 / Secten_90-xx-d.xlIsx
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Supply chain impacts //Q/j*

Parislech

O Major shadow costs!

e Freight transport and goods to man only
(without man going to a shopping mall by car)
— Externalities around the order of magnitude as transport itself!

e Major difference between modes in cost and externalities...

e Change not really taken into account
e Platforms, infrastructure...

¢ |Impact embedded

E. Ballot September 2016



Agenda o
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O 4 main subjects

o Activities
— Transport
— Warehouse, Distribution centers,...
— Transport items: containers, pallets, crates, cardboard...
— Supply chain design

e CO, and other impacts
— Congestion, pollutants
— Accident, noise 4 perimeters
— Lost of land

e Evaluation methodologies
— Analytic formula : theory and levers
— Proxy evaluation : consumption
— Insight from micro evaluation

Impacts
e Perimeter
— Direct: tank to wheel
— Extended: well to wheel
— Under looked impact

Methodologies

31
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O Well to wheel vs. tank to wheel

e A main difference and essential for electricity and bio fuels

e \We consider here a 500tkm delivery:
— GHG emissions cost (battery included)

Urban delivery LDV Elec. 80% 1t HDV 26T Euro VI 80% 10t

Q
GHG 0€ 424€| B
Upstream & 'f
Downstream 1€ 2,31 € §
Total 11,27€ 655€, 3

Recall: it comes for free for the time being

32
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Perimeter

O Well to wheel vs. tank to wheel

pos

MINES
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e A main difference and essential for electricity and bio fuels energy production
e [f we take into account the origin of the energy: 2 order of magnitude of difference!

Country CO, CO NOx | NMVOC SO, CH, PM
ke/G) | g/GY | g/GJ g/GJ g/GJ | g/GJ | g/GJ
Austria 62.9 14.5 92.7 16.0 74.2 80.3 6.9
Belgium 943 16.7 2894 12.2 5335 240.3 27.2
Denmark 2573 24.7 9129 62.7
Finland 155.1 38.6 307.3 15.6 198.0 310.9 234
France 17.6 32 61.0 32 183.9 36.1 79
Germany 189.7 27.3 306.3 94 931.5 465.1 56.2
Greece 2064 N 38.7 393.6 38.9 979.2 604.0 624
Ireland 2129 33.8 672.0 446 1 16395 743 |
Italy 162.5 334 551.7 105.3 977.2 111.8 41.1
Luxembourg 101.9 16.2 90.1 16.9 71.1 27.3 3.7
Netherlands 175.7 31.6 281.8 32.0 185.2 392.5 19.0
Norway 1.7 0.6 2.8 0.2 3.7 0.6 0.2
Portugal 1704 34.0 507.1 53.7 1260.7 359.0 594
Spain 126.8 194 4142 16.0 1235.8 306.8 57.8
Sweden 20.6 6.0 42.2 6.6 34.7 22.2 3.1
Switzerland 6.6 2.5 12.9 14 21.5 0.7 1.1
UK 167.8 274 631.8 20.2 1445.8 458.9 699
European Average 1274 21.3 3259 22.6 744 .9 282.6 39.1

e No Nuclear waste!

E. Ballot

September 2016
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O Ahuge focus on one side of the supply chain

Goods to man

Man to goods

34
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Perimeter //j*

Parislech

O Ahuge focus on one side of the supply chain

Goods to man

We must also consider

how consumers reach

the shops...

35
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Car utilization... in the US //@i

Parislech

Go to library: school related
i Transportsomeone
: OS - Day care
Attend funeral/wedding

Meals

School/religious activity

Visit public place: historical site/museum/park/library
" Pet care: walk the dog/vet visits

Social event

1 Attend business meeting/trip

= Use professional services: attorney/accountant
Rest or relaxation/vacation

W Take and wait

m Use personal services: grooming/haircut/nails

1 Attend meeting: PTA/home owners association/local government
M Go to religious activity

m Social/recreational

m Coffee/ice cream/snacks

B Go out/hang out: entertainment/theater/sports event/go to bar

™ Family personal business/obligations
M Go to school as student
B Shopping/errands

Relative Number of Trips

M Go to gym/exercise/play sports

W Buy gas

® Medical/dental services

W Return to work

W Other work related

M Visit friends/relatives

W Buy services: video rentals/dry cleaner/post office/car service/bank
M Get/eat meal

™ Pick up someone

Krumm, J., "How People Use Their Vehicles: Statistics from the 2009 National Household Travel

Survey," SAE Technical Paper 2012-01-0489, 2012, doi:10.4271/2012-01-0489.

B Drop someone off
M Buy goods: groceries/clothing/hardware store

™ Go to work

B Home
QS O O O O O O O O O O O O O O O O IO O OSSO SS
S T IO I AN IS T ETEO NSO,
OF AT AT AT BT 6T 6T AT BT 0T BT T RV T AN AT AT RN AYT DT AT YT AV D
Hour of Day
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O Huge challenges and extremely hard problems

Still a lack of data

Many activities to track and measure : a lot of open question (rail road
congestion...)

Really hard to accurately measure all aspects
Allocation of impacts to stakeholders
Most traps are on the perimeter and the fill rate

Apparently we have some technologies (modal-shift) to reach some
targets but they hard to use!!!

What happens if we go shopping by foot?

What happens if we buy from nearby?

What happens if we accept to share logistics means?

37
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Thank you /j

Par lsTeCh

Hitching a ride through the physical internet by Daimler-Benz

Pr. Eric Ballot
Mines ParisTech
60, boulevard Saint-Michel |
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