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= GHG emissions quantification of logistics sites aligned with ISO 14083
Jan-Philipp Jarmer, Fraunhofer IML

= Annual market studies & overall GHG performance indicators for
logistics hubs
Andrea Fossa, GreenRouter & Kerstin Dobers, Fraunhofer IML

= Possible solutions for decarbonising logistics hubs
Sara Perotti, Politecnico di Milano

= Sustainability of hubs: a key driver for maintaining value over time
Scarlet Romano, Arcadis Germany
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Data base for the elaboration of average key performance indicators
based on three GILA market studies!” consolidated

843 hubs 51 countries worldwide
> 15.48 Mio. m? logistical area (indoors)@) Terminals® : > 2.4 bill. tons (outbound)

Real estates: > 5.1 bill. tons (outbound)

9 ) 9 ®
DAMERIKA 0 2 8 ASIEN
&
® (9] >
L R 1 = Pt
© ® 9] ® % (]
(]
9@ AFRIKA ° g
o UD%ERIKA : :
0® ® L - ® 59
Liquid bulk
— = Warehouse Storage & transhipment  [terminal
Countries with >50 hubs: Germany, Italy, Czech B 5 Container terminals & = 1 RoRo terminal

Republic, Spain, France, USA

\

(1) conducted in 2021, 2022 and 2023 ;:::::imm .
(2)  Hubs with storage and/or transhipment ® AN G I LA % FraunhOfer
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Completeness of provided data
Number of participating hubs & sample size for KPls

Transhipment n=62

n=67

ne232  |Warehouse  [SER
Liquid bulk terminal [JiE=Esl

kg CO,e / ton

Total
Carbon Footprint
possible
(acc. to ISO 14083)

Transhipment n=68

n=167

n=497
Participating
hubs

kg CO,e / m?
logistics area

n=843 n=394

Warehouse n=159

No total
Carbon Footprint
possible

(Partial CF) 1 Cooled warehouse

further detailed per temperature level
138 ambient warehouse

1 Frozen warehouse

n=346

21 Warehouse with multiple
temperature levels (mixed)
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Where do data gaps exist?
Availability of data

60% of hubs use national electricity
mix

32% purchase ,,green” tariff, though
do not now the underlying mix

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

93%

Use of electricity

78%

esp. natural gas (83% of hubs),
district heating and heating ail

Use of heating energy

85%

esp. diesel/biodiesel (91%),
petrol/ethanol and propane

Use of other energy carriers

66 %

esp. R-410A, R-717 (ammoniac),
R-404A, R-134a, R-448a and R-744

Refill of refrigerants

31%(™M
1
Transport packaging( ) (2)

(1) optional information in market study
(2)  no information or explicitly stated that no information available
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Sources of GHG emissions at logistics hubs
Focus logistics real estates

6%

'\

4% = Reduced data base:
Analysis of hubs with an ISO aligned GHG emissions quantification (n=439);

incl. emissions related to storage and use of transport packaging

1%

= 90% of GHG emissions of logistics real estates origin from

22% the use of energy: 67% electricity, 22% heating, 1% other energy

= 4% of GHG emissions relate to refrigerant leakage (estimated by the

quantity of refill)
= [taly

m Czech Republic
Germany
m United States of America

= France

@ Clectricity @ @ Heating (without elec.)
Other energy (without elec.) @ Refrigerants ¢ Transport packaging

further 28 countries

\

~ Fraunhofer

IML

(1) Hubs offering storage and/or transhipment (no terminals)

slide 13 12.10.2023 © Fraunhofer IML National electricity mix (so-called »location based«)



What is the electricity used for?
Allocation to predefined activity clusters

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

26% 35% 12%
16% 32% 31%
cooled or frozen hubs -
1% 16% 53%
emperaire s DI
temperature areas
18% 27% 32%
m Material handling m Yard logistics Lighting indoors
m Lighting yard m Temperature control of goods m HVAC
m T (e.g. server room() m others
slide 14 12.10.2023 © Fraunhofer IML (1) Focus logistics real estates (without terminals)

25% of hubs® have further detailed their

electricity consumption.

= Theses hubs consume 43% of total electricity
consumption of the study.

= 70% of hubs specified explicitly, that they do not

have any transparency on detailed electricity use.

= Almost 80% of the electricity consumption has
been allocated to pre-defined activity clusters.

Overall allocation of electricity:

I 32% for temperature control of goods
27% for lighting indoors

B 18% for material handling

\

= Fraunhofer

IML



GHG emissions arising at logistics sites
Shares derived by GILA market studies (2021-2023)

18%

electricity

27%
other energy

carriers

\ 23%
leakage of

GILA sample size: 129 sites offering

refrigerants .
storage and/or transhipment

heating
energy

GILA sample size: 439 sites offering transport

storage and/or transhipment packaging

slide 15 12.10.2023 © Fraunhofer IML

material handling

lighting indoor & yard

cooling & freezing
equipment for goods

13%
18%

25%

& ®

22%

6%
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Emission intensity values for logistics hubs

- Work in progress -

Carbon Footprint (CF)

= Total CF of hubs
kg CO.e/a

= Use as default value Global
if e.g., no primary data is available Iéﬁ?ilssst;gﬁs
in tools in combination Council

with transport emissions
in GLEC Framework (version 3.0)
= option for the future:

s (V3.0

Emission intensity

= based on throughput
kg CO.,e / tonne

» 1SO 14083:
kg CO,e / tonne
slide 16 12.10.2023 © Fraunhofer IML

“ 4

use as benchmark

% 4.96
kg COe/tonne
Transhipment 0.6 kg CO,e/t n=65 2.2kgCO,e/t n=6
Storage + transhipment 2.1kgCO,e/t n=58 4.0kg CO,e/t n=9
Warehouse 17.5kg CO,e/t n=49 33.0kg CO,e/t n=3
Liquid bulk terminal 3.1kg CO,e/t n=22 8.1kg CO,e/t n=29

o=z GILA 9 Z Fraunhofer

o IML



Emission intensity values for logistics hubs
- Work in progress -

Carbon Footprint (CF)

‘ > = Total CF of hubs
kg CO.e/a
Emission intensity '
= based on logistical area

kg CO,e / m? Transhipment 16.7 kg CO,e /m2 n=61 19.5 kg CO,e /m2 n=7
. ) Storage + transhipment 28.0kg CO,e/m?2 n=124 64.4 kg CO,e/m? n=43
Warehouse 23.6 kg CO,e/m? n=138 22.8kg CO,e/m? n=21

= Fraunhofer

IML
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Why participating in the market studies? _ b

Transparency & own values

Participating companies receive their TCE?2
individual GHG emission intensity values |
= aligned with ISO 14083 ! ¥

= one hub = 1 HOC (hub operation category) /_\ HOC =1 hub HOC = multiple hubs

).

| [ . |
Use of the REff Tool® prepares for calculating total CF 9
& elaborating more specific KPIs, e.g. REff Tool
7

= elaboration of emission intensity values covering

a number of comparable hubs (= HOC with multiple hubs)
= allocation at activity level, e.g., two KPIs per hub
= support in case of data gaps using KPIs of anonymised data base

? ?

Support of overall research on sustainability of
logistics hubs & elaboration of average emission intensity
values

semplesze | 786 | | 655 | [ 720 | 559 259

\

Bundesministerium
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Market studies in GILA project

Extension of global coverage

1st study (2021)

2021 2023

159 hubs 843 hubs

14 countries 33 countries

93% in Europe

85% in Europe
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Annual market studies will continue!

Timeline
= Collection of annual data continuously possible

= Deadline: May 31st
= Start of analysis: June 18t
= Publication of values: August

online:
Participation via

Gl GreenRouter

= Osservatorio Contract Logistics

“Gino Marchet” of Politecnico di Milano ~ PESEs®
n |® | .—..9_

REff Tool® of Fraunhofer IML REFf Tool



Support our annual market studies

It is more than just receiving a single KPI

Individual electricity mix at hubs
Market-based emission factors

Self-generation of power on-site

Allocation of consumption

Transparency for identifying fields of action &

elaborating decarbonisation roadmap

* GHG emissions per tonne » Decarbonised KPls
+ GHG emissions per m?, ... - Estimates for decarbonisation
potentials & successes

GILA?-

GHG assessment
of logistics networks
Direct use of provided data
Import of individual KPIs in other tools
Publishing of average KPIs in standards and
other tools
Quantitative basis for cost vs. CO2e redesign



Support our annual market studies

It is more than just receiving a single KPI

» = ANDREA.FOSSA@GREENROUTER.IT ‘ IT ‘ EN ‘ U
Gl GreenRouter O
Ij N Od e [ pdf [ Emissions « Back to list . .
@ orshsonro ol Structuring data over time allows
for further outcomes
"i" NETWORK Company * Year
¥ GreenRouter srl 2023 4
9 e : . GILA growing database will allow for
® Manage nodes Personal data General information
O Add anode segmentation + YoY analysis
O Import Code/GLN D Location type * Siitare Eapacity o
p 002 — = 4000 m? 5000 Pallet storage places Internal benchmarks on SpeCIfIC
O Extractions - .
a SRANGPORT Location name * Temperature Goods ﬂow@ aCtIVItIeS eanChed by GILA Values
> o 4 . . " . .
Roma 20 e o Quantitative support while defining
Address * Site activities Value added services priorities Of action
via ponchielli v ¥
Jdil  REPORT 5 ZIP code *  City * Inclusion of node emission in transport calculation®
00071 Pomezia \[ Use default data 3]

Province/State/District *

RM
L3 SCENARIO ANALYSIS
2 > Country * Latitude * Longitude *
taly 4 4166952 12.50224 Y

|#” carBON BUDGET EI‘ GreenROUtel‘

GILAY



Electricity consumption per logistical area indoors
or logistical real estates
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» Performance of (partial) sample shows pattern

» Segmentation based upon internal activity or

\ 4

automation level might be very useful

— we need a larger sample !

GILAY

@® ambient real estates, n=433
@® chilled real estates, n=42

® frozen real estates, n=11
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Which share do logistics sites contribute to the total
of GHG emissions?

» Still difficult to say: Not addressed by national statistics

» Some assumptions published

— 13% of logistics emissions related to logistics buildings (global) WEF 2009

— 11 - 20% of transport emissions related to warehouses (UK, US) McKinnon 2018

— 15% of logistics emissions related to logistics nodes (Germany) Ridiger et al. 2017

Use of initial KPIs

_

Transhipment 16.7 kg CO,e /m2 n=61 19.5 kg CO,e/m2 n=7

ela bo rated I n G I LA Storage + transhipment 28.0kgCO,e/m2 n=124 64.4 kg CO,e/m2 n=43
for new estimates Warehouse 236 kg COe /m? n=138 22.8kg COe /m? n=21

GILA?

<



Decarbonising logistics hubs 4

> A very rough estimate. .. Footprint of logistics sites « Average GHG-KPI
[m?] [kg CO,e/m?]

Der Footprint an Logistikflichen in Deutschlan - . 2 - 2 GI LA? 4, average value for all
300 Mio. m?, wovon aber aufgrund von Bausub 300 Mlo m X 25 kg COZG/m b/ |OgiStiCS real estates

Eigentumsverhiltnissen ein Grofiteil dem Nutze

diirfte. Der auch unter immobilienwirtschaftlicTen mopeen |r_r_f;fsza:_1re -
DV ) in comparison German road transport:
= ~ 7.4 Mio t COze 145 Mio t CO,e (2022) [UBA 2023]
[dvz 2019] "3 40% = 60 Mio t CO,e in freight transport

<

~ 11% of logistics emissions

» 90% of the operational carbon footprint(!) of logistics sites
result from energy use; 67% from electricity

GILA sample size: 439 sites offering » The transfer towards electricity basing on
storage and/or transhipment O .
renewable energy sources will impact carbon footprint

G I L Ag decisively.




Decarbonising logistics hubs 4

> A second, very rough estimate...  Footprint of logistics sites Average GHG-KPI
2 X 2
[m?] [kg CO,e/m?]
Source: World Capital/OSIL, Guizzo.eu ~ 60+ Mio m? X ~ 25 kg CO,e/m? GlL A? @V;;?,‘gﬁ Z:Q:‘i!f;j!

in comparison ltalian road transport:
= ~1.5Miot Coze 109 Mio t CO.e [2022 ISPRA]
=== - 27% road freight = 30 Mio t CO,e

g

~ 4,8% of logistics emissions

» 90% of the operational carbon footprint(") of logistics sites
result from energy use; 67% from electricity

22%

GILA sample size: 439 sites offering » The transfer towards electricity basing on
storage and/or transhipment O .
renewable energy sources will impact carbon footprint

G I L Ag decisively.



