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Workshop N° 16 Data and Models for Quantifying Food
supply Carbon emissions

AGENDA

11:45h Welcome to the workshop by Graciela ALVAREZ

11:48-11:50 The ENOUGH Project in few words by G. ALVAREZ

11: 50h- 11 :56h Data on quantifying carbon emissions from sectors and food groups within the food
chain. Baseline (1990) current (2019) and future (2050) carbon emissions.

By Yosr ALLOUCHE IIR, France

11:56h-12:02h How to reduce carbon emission in supermarkets by using Energy Models .

By Elias EID LSBU UK

12:02h-12:08h The ENOUGH TOOL Simulating energy and CO2 emissions of food supply chains.
By Denis LEDUCQ INRAE, France

12 :08 -12:20h Quantifying Cold Chain Carbon Emissions in USA Dennis NASUTA

12:20:12:30 Discussion
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EUROPEAN FOOD CHAIN SUPPLY

TO REDUCE GHG EMISSIONS BY 2050 tools and methods to contribute
to the EU Farm to Fork strategy
to achieve climate neutral food

businesses by 2050

%ENOUGH The project will provide

THE AIM

% Propose strategies to decarbonise
the food chain

@. Integrate and manage
X the food chain of the future

‘ Demonstrate
I new technologies

3  Develop innovative
food chain systemic approaches and solutions
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Expected results

ENOUGH

EUROPEAN FOOD CHAIN SUPPLY
TO REDUCE GHG EMISSIONS BY 2050

Event

What will the ENOUGH project achieve?

Provide baseline food chain emissions
for 1990 and 2020 and predict emissions
for 2030 and 2050

Develop technology and energy roadmaps
of the food supply chain to establish new
best practices for each link in the food
chain

Identify the greatest potential for carbon
reduction

Develop, adapt and apply new techno-
logies to help achieve carbon neutrality
for food businesses

Integrate and streamline processes
Demonstrate new technologies to
stakeholders

Promote the project findings to
stakeholders

What impact will ENOUGH generate?

Contribute significantly to the achieve-
ment of the objectives and targets of the
Farm to Fork Strategy and The European
Green Deal

Ensure a sustainable food supply chain
across all sectors of the food chain from
harvest/slaughter to the consumer
Save energy and increase energy efficien-
cy in the different sectors of the supply
chain

Increase renewable energy use
Increase the adoption of natural refri-
gerants

Prevent food loss and waste

Ensure food safety and security

Ensure sustainable food consumption
Improve competitiveness and raise
standards

Date

Venue
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Data and Models to quantify CO2 Emissions in Cold Chain and
Food Systems




THE EUROPEAN FOOD SUPPLY CHAIN EMISSIONS: WHERE TO ACT?

Global and Total food systems emissions from 2000 to "
2020 [FAOSTAT]
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agrifood systems GHG emissions 16 Gt CO,eq (+9% (2000)): ° 0
2000 2005 2010 2015 2020
~1/, from farm gate, 1/ from post-farm gate and 1/ LULUC Farm-gate emissions m— and-use change
N Pre-and post-production = Share of agrifood systems in total emissions

2020 Regional level
LULUC largest contributor in Africa (44%) Regional food systems emissions (2020)

: e 100%
" ' \ Farm gate dominating in Oceania (71%) 90% .
- - g Post-Farm gate largest contributor in Europe (53 %) 80%
- 70%
Data, Regional and Global emissions 60% 44%
graph Source: GHG emissions from
agrifood systems: Global, regional 50%
and country trends.
FAOSTAT Analytical Brief 50 40%
- . . - . 30%
* WP1 will identify the highest emitting food chain sectors. .
* Innovative Technologies and initiatives for the food supply chain to help .
decarbonizing the 2050 food sector.
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OBJECTIVES AND CONTRIBUTING PARTNERS

* Mapping emissions from the European food supply chain sectors
(10 countries).

e WP1: baseline (1990), Current (2019) and Future (2030 and 2050)
carbon emissions of the European Food supply chain.

* Have a clear and detailed overview about the emissions of all the &

food chain sectors. r’
‘LSBU

-
B LNIVERSITYOF f\
* A holistic approach to deliver the next generation of the EU food '

c© |
Chain. £ @ SINTEF Y
. Poland
KU LEUVEN Germa ny .
Silesian University

* |dentify where data logging is missing.

Belgium ®|of1el:hrlo|ugy

e +
" INRAc) W e ®
France * Austria  Hungar

Adaptation Mitigation Inclusivity

h

Resilience '!l
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OBJECTIVES AND CONTRIBUTING PARTNERS

» @ SINTEF

* There is notable differences/inconsistencies between the ' oxmu_

Norway

available emissions inventories (FAO, EDGAR..) 7

* Different methodologies, boundaries and terminology are used ‘LSBU r‘ A i
* Limited access/ unavailability of data ’ " i ’ =

* Uncertainty analysis (IPCCC guidelines). E"::.g.,,m Germany m&.

* Sense checked with each other's and compared to other inventories. gl

France Austrla Hungary

st
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TERMINOLOGY AND BOUNDARIES

Sectors from Post-Farm gate to consumer " “

O
:: e llll
| [ %oy I [ ]2 s‘ _DX_‘;‘] Retail Domestic
U[U ] h T ~a ]

Energy Manufacture of Packaging Warehousing 2 Food Loss
consumption in food products and and storage | |§ Tl and Waste
Agriculture and b ; ; )

€ fishing everages Food and beverage, service and hospitality

Scope 1, Scope 2 and Scope 3 emissions (GHG Protocol)

Scope 1 - Onsite fuel combustion for generation of electricity and heat.
Fuel combustion for food transport.
Refrigerant leakage (from filling to disposal)

Scope 2 - Purchased energy, e.g. grid electricity and heat networks.

s ness

Electrct
trannals !

purchased
Scope 3 = Emissions outside of the food sector. We have assumed waste
and packaging are important emissions related to the food sector, but

outside of the food sector and therefore categorised as a Scope 3 emissions. P Supplie

ernissions

Waste disposal

Production of

% ENQUGH ENOUGH REVIEW MEETING 22.06.2023 [’:fjﬂ?jff’



TERMINOLOGY AND BOUNDARIES G ﬁﬂ}

BrEeRE

Geographical boundaries
e Within territorial border
* From farm to fork

O/ &

%ENOUGH ENOUGH REVIEW MEETING

Energy
consumption in
Agriculture and

fishing

Retall Domestic

Manufacture of Packaging Warehuusmg S Food Loss
food products and and storage E T and Waste

beverages . T
g Food and beverage, service and hospitality

Sectors and commodities

* Food and beverages: Perishable (needs refrigeration e.g., meat, fish,
dairy, fruits and veg) and non-perishable (canned food,

baking, confectionary...), only for human consumption.

* Agriculture and Fishing:

Included: On-farm energy use in Agriculture and Fishing (precooling, farm
and fishing transport etc)

Excluded Emissions from fertilizers, farm waste, chemicals to

land, rumination etc).

* Manufacture of food products and beverages:

Included: All Scope 1 and 2.

Excluded Scope 3, except packaging and waste

* Packaging

Included: Emissions from manufacture of single use packaging materials
and manufacturing.

* Warehousing and Storage

Included: All Scope 1 and 2 for food based.

22.06.2023 Bruxelles




TERMINOLOGY AND BOUNDARIES 5 ﬁ@

Retail Domestic

E

Geogra phical bounda ries Energy Manufacture of Packaging Warehousing e Food Loss
. . . . consumption in food products and and storage na and Waste
® Wlth N te rrlto ria I bOrd er A-Eril;:.l:l_JrE and beverages Food and beverage, service and hospitality
shing )

* From farm to fork

Sectors and commodities

* Transport
Included: Fuel consumption for refrigerated and non-refrigerated vehicles.
Refrigerant leakage from TRUs.
o Domestic transportation and home delivery.
Transport in intermediate country
* Retail
Included: All Scope 1 and 2, food based emissions.
e Service and hospitality All Scope 1 and 2, food based emissions
from restaurants, hospitals, schools etc.
* Domestic
Included: All Scope 1 and 2 food based emissions
* Food loss and waste
Included: Methane generation from food in all waste streams.
Excluded: Human waste

%ENOUGH ENOUGH REVIEW MEETING 22.06.2023 Bruxelles 8




Centre for
Sustainable
Cooling

Z@ UNIVERSITYOF - e MAi
#4 BIRMINGHAM Horizon Scanning: Main Novelty of WP1

Why? Step 1: Identify main drivers

Accurate estimates for 2030 and 2050.
Provide with scenarios aligned with the
future needs —> achieve Resilience,
Mitigation, Adaptation and Inclusivity in
Europe.

How?

% EUEDFEAH FLRH MBI TUFFLY
ro REDUCE GHG CWEEI0s B9 1010

Identifying the main drivers (6) and sub-
drivers with greatest impact (on energy
demand and emissions).

62 sub-drivers and 32 sub-sub-drivers (ex.
change in food shopping habits: online

shopping, more home cooking).

For each country: Identify the top main
20 sub-drivers (Risks and Wins) with
greatest impact.
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ELSBU The Top-down Model a Scope 1 (excl fugitive)
B
un\ = 7 N
ono cope 1 Fugitive
(refrigerant leakage)

Food Loss
and Waste m 5cope 3

Energy Manufacture of Warehousing
consumption in food products and and storage
Agriculture and beverages

Zl B Retall Domestic
UIU = hll Y — "\rL m Scope 2 (grid electricity)
0 i maa || l
ﬁ& a

Food and beverage, service and hospitality

fishing
16%
From burning fossil fuel on site [ From electricity consumption Associated activities of the sector ’
and refrigerant leakage from the grid (only packaging and waste)

. . . . . 24%
* Calculate scopes 1, 2 and 3 emissions for the identified sectors.
* Uses data from national statistics.
* Methodology tested and completed for the UK and Italy, in progress for other countries.
. . . . . . %
* A detailed guideline about the model is being prepared by the Italian partners CNR. H
m Scope 1 (excl fugitive) Scope 1 Fugitive (refrigerant leakage) W Scope 2 (grid electricity) W Scope 3 Examp|e for the U K
) 16
§ 14
§ 12
- 10
: . mm BB
2 6
. m B L B
;. : Il _ — BN = m
8 Agriculture Manufacture Storage Transport Retail Food and Domestic Waste packaging

beverage service
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%LSBU The Bottom-up Model Example for the UK

WASTE WASTE WASTE WASTE WASTE WASTE

i
Primary production H Transport to home

i i
[farm) to arrival at RDC 1 i !- [comsumers/home
delivery)

Agriculture

Il Caold storage E
[}

Transpart Tranzport

* A model under development for the UK, countries to _ _
provide with their own data. e oo
* A production based model for all types of food to calculate =
Scopes 1, 2 and 3 emissions. o
* A large database including 83 food types is performed.
* More granularity compared to previous work (Audsley et 1
al. (2009). =
* For one country, emissions through the different stages ¥
based on mass of food produced, imported and exported. - _
* CO2e/kg figures from national statistics. - N i o

%ENOUGH ENOUGH REVIEW MEETING 22.06.2023




Centre for
Sustainable
Cooling

_.r' F .
a; Efﬂkﬁ‘ﬁ%‘ﬁm The Hybrid model

* A model being developed by UoB for the UK, countries to
provide with their own data. Energy
* Combination of top-down, bottom up, stock data, SEC for iy

e — | —

e Calculates Scopes 1, 2, 3 emissions for baseline years
based on energy consumption and refrigerant leakage.

e E.g. for cold stores: total number of cold storages and
stock of refrigeration units. Number of vehicles, TRU and
fuel consume etc.

* Implements drivers model to calculate future emissions in

a yearly basis until 2050 r
* Compare scenarios and identify the one providing with

ek

Iowest GHG em|SS|onS |n 2050 (BAU and Other future Historical GHG Estimation Bottom-Up Approach GHG Emission 2050
scenarios).
 Test against black Swan events to check their sustainability

and resilience.

%ENOUGH ENOUGH REVIEW MEETING 22.06.2023 Bruxelles ‘ 12
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Results:

The highest EC sectors:
1. Transport (all) = 51.67 TWh

2. Processing = 34.04 TWh

Energy Consumption

100%
90% |
80% |
70% f
60% |
50% |
40% |
30% |
20%
10% F

3. Domestic & FS = 28.6 & 28.3 TWh o

Emissions:

W Electricity (TWh) BFuel (TWh) | Total energy consumption = 209 TWh
I i I I l I I | N
{\ \(J (\0.) \QJ
£ 5Q Q@/ @ & c)Q S &
OQ’ > °J® Q(Q o (\;l_
<2‘o <& O J <& QP
<<O @@
\/,g} Fig. 2. Distribution of consumed energy.

e Present Model: Total Emissions = 52.9 MtCO2e Fig. 1. Energy consumption by the UK food supply chain for the baseline year 2019.

*  Top-down Model: Total Emissions = 51.67
MtCO2e
*  Overall Divergence = 2.5%

[EEN
N

=
N

=
o

Conclusions:

* Good agreement is achieved with
the high-level top-down model.
Therefore, the hybrid model is
ready to be used for detailed

Emissions (MtCO2e)
(o]

estimations until 2050. 2
0
On -
Fig. 3.

Centre for
Sustainablevouct review meeting

| _=Present Model ®Top-Down Model |
13,4913:68

7,43 7,54

B Scope 1 (exc. Fugitive)

W Scope 1 (Fugitive)

0,700,71 EScope 2
- — Scope 3
Farm Storages Processing Transport Retail Food Domestic Packaging Waste

(all) Service

Comparison between the present model and top-down model results for all sectors. Fig. 4. Emissions by different scope(s).
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Towards the next generation of the European food supply chain:
The ENOUGH Emissions Database

Part 1: Terminology

In Europe, 53% of the food system emissions are related to the supply chain. The ENOUGH project will establish an emissions
database for 1990 and 2019 baselines and predict future {2030 and 2050) emissions for the European food supply chain, for
anumber of representative European countries. This will help to provide the EU Farm to Fork strategy with scenarios aligned
with the future needs to achieve Mitigation, Adaptation, Resilience and Inclusivity of the European food sector.

EMOUGH will help to transition the EU food chain to become
more sustainable, energy efficient and climate friendly.

. o
i {d_ .
Mitigation  Adaptation T.mllenne; Inclusivity
| W

The project considers:

Scope 1 Emissions from on-site fuel combustion for heat
and electricity generation, fuels used for food transport and
refrigerant (f-gas) leakage from the refrigeration equipment.
Scope 2 Emissions from the energy generation (thermal or

adopted terminology for the emissions

electrical) from the grid.
Scope 3 Emissions as a consequence of the activity of the Three models with different levels of complexities are being
sectors, in ENOUGH, only packaging and waste are included. developed within the project to establish the baseline emissions

and predict future emissions: These consist of a top-down,

bottom-up and a hybrid model. The three model approaches
Horizon scanning is one of the main novelties being developed  will be compared to verify the consistency of results.
in the ENOUGH project. To establish a robust emissions
darabase and predict accurate emissions figures for 2030 and
2050, the project has identified the potential main drivers
of change that would positively or negatively impact carbon
emissions from the feod sector in the future.
The identfied key drivers are: climatz change, changss in
demographics, business and economics, social and behavioral
changs, policy and technology and infrastructure. The key
drivers are further refined into sub-drivers, these are indexed
and scored for each representative country to identify the
most impactful wins and risks subdrivers . At a later stage,
the sub-drivers are implemented into emissions calculation
models for an accurate and a country specific prediction of
the future emissions.

The top-down model uses national data on scope 1 and 2
emizzions of each food chain sector together with scope 3
emissions from waste and packaging to calculate emissions.
The bottom-up model is based on mass of foed passing thousgh
the food chain in a country and the associated emissions. To
calculate the emissions from each sector and each food type,
the model applies CO2eq/kg figures from published data.

The hybrid model combined elements of both the top-down
and bottom-up models. The mode! uses data from government
statistics, literature, trusted bodies e_g. Eurostat, UM, 1EA etc.

Find mora about ENis study from the origingl puskoation: 10 LEL62 5 nnd-Col 2023 0033

This progect hes reczived funding from the Eurcpean
Urion's Horizon 2020 research and innovation
PrOgramme under grant agresment M 101036388

Towards the next generation of the European food supply chain:
The ENOUGH Emissions Database
Part 2: Boundaries

Several trusted inventories have established emissions database for a large number of countries e_g. FAD STATS, EDGAR.
However, inventories often apply different boundaries which makes the figures difficult to compare. In ENOUGH, clear
boundaries are identified within the food supply chain. Uncertainty calculations are performed, and emissions figures
compared with those obtained in the existing inventories.
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Mariifaciee of Pacsaging Warehousng o {,..:.: - L - Faod Low
feannd and stnrage r]ﬁ‘ \if | X and Waste

Vi wesel Limvew nppn. s iwicn ana hospitabty

ENOUEH Tood supply chain seciors.

In ENDUGH, we sre developing 2 robust methodology to calculate the emissions from the food supply chain sectors including: agriculture and
fishing, manufacture of food products and beverages, packaging, warehousing and storage, transport, retail, food serdce and hospiality, domestc
food related activities and food loss and waste.

Emissions are calculated for both perishable [peeding refrigeration) and non-perishable food and beverages [which can be stored 2t ambient
temperature ] for human consumption.

Geographical Boundaries

European Union, European Economic Area and
the UK: for all the project demonstrators and
emissions. quantification work. To calculate the
emissions from the food supply chain, a number
of representative European counfries are
selected including the UK, Norway, France, italy.
Germary, Austriz, Lithuaniz, Poland, Hungary
and Belgivm. We do not indude emissions
relzted to chain before arriving or once leaving
the European boarders.

In warehousing and storage, emissions from
energy  consumption related to food and
refrigerant leakage ane caloulzted.

In transport, fuel consumption by refriperated
and non- refrigerated land, sir and maritime
wehicles are caloulated, alongside refrigerant
leakage from Transport Refrigerated Units [TRUs).
This also includes last mile delivery and domestic
car food transport.

In Rew=il, emizsions from  energy consumption
related to food (including food senvices integrated
onto the retailer] and refrigerant leakage are
caloulzted.

For both domestic, and food and beverage service
and hespitzlity sectors, energy consumption from
cooking and refrigeration, as well 2= emissions
from refrigerant leakage are caloulzted.

In food loss and waste, methane emissions from
solid waste dispesal on land, biological treatment
of solid waste, wastewater handling related to
food and waste indneration are induded. Human
waste iz excluded.

Emissions from refrigerants are those associated
o the refrigerant leakage from the moment it is
filled in the equipment until its disposal.

Supply chain Boundaries
In agriculture and fishing, only emissions from ko
energy consumption of the farm equipment are
caloulated. Those from fertilizers, chemicals and
land use change are exduded. 4
In manufacture of food products and beverages, 5.
only emissions from energy use in processes ane

calculzted, those from manufacturing and end of
Life (EOL) of primary materials are excluded.

In packaging. both emissions from raw materials
and packaging manufacturing are included, those
from patkaging EOL and recycling are excluded.

™

ENCUGH representstie countmes

Fimd mora about this stuy from tna uﬂpnnu‘lnum'm:W

H et £ N - - - &
m_h e i m This project hes received funding from the Eurcpesn

Union's Horizon 20240 ressarch and inncvation
Carmeazonding ssther: valkachs® firang programme under prant agreement N° 104036388
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This project has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant
agreement N° 101036588
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E N 0 U G H HOW TO REDUCE ENERGY
CONSUMPTION AND CARBON
EUROPEAN FOOD CHAIN SUPPLY  EMISSIONS IN SUPERMARKETS?

TO REDUCE GHG EMISSIONS BY 2050

WORKSHOP 16
Data and Models to Quantify CO, Emissions in
Cold Chain and Food Systems

ELIAS EID
London South Bank University (LSBU)

26t International Congress of Refrigeration
Thursday August 24, 2023
Paris Congress Center — Room 352A




Introduction

The Supermarket as A System

* Problem statement I ssisissinid . 5 S
-Ih.._tElectrici’ty
. . : Ambient Conditions
Various boundaries of a supermarket S GistictHeating -
: istric R?frigeralion
= HVAC system e Syt _Sesten >,
= Refrigeration system i = e —
= Cabinet system i R ﬁ |
= Heating sources \ o e
= Lighting and equipment e
‘ CO, emissions
The supermarket is a complex &\f_\-_ ________________________________________________________
system that needs to be A conceptual scheme of the different subsystems

in a supermarket and their interconnections

(Arias J., (2005). Energy Usage in
supermarkets)

studied with all interactions

E NO U GH Workshop 16 24/08/2023 26th International Congress of Refrigeration - Paris Congress Center



Retail road map

* Part of ENOUGH project (also road maps for
other food sectors)

* Aims to:
1. ldentify the most beneficial technologies
to save energy and carbon emissions for
the whole supermarket as a system

2. See how close to net zero is achievable

* Three stages:
1. ldentify and review technologies

2. Model supermarkets
3. Create road map for retail sector

‘ 24/08/2023 ‘ 26th International Congress of Refrigeration - Paris Congress Center ‘
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Technology review :

* |nitial assessment based

on reviewing technologies

e Best options were chosen

Carbon saving potential

Aerofoll air-guide
~ Strip curtains

7

{ Slarn temperature :nnl:rnl ™

B}

Night blinds and covers

&

— Adiabatic condensers

- Improved axial fans

Defrost on demand

"_...- -
e,

Reducing head pressure

Improved cabinet loading

Improved cabinet location

Cabinet lighting controls -

- dimming/ switching/
OCCUPANCY Sensors

_ Lighting [store), impact
on cabinet performance

RE‘f| FO \ b icd ’ Liguid pressure
. (" Refrigerant - H i  Lighti i ynamic deman amplification (LPA]
for modelling b A
T e e Loading (food) temperature and... o
S & gl ) 15 . Thermal store

Wotar Efficlency Controllers [MECs)

Reducing thermal radiation

y Suction pressure control
& Retrofit O New tecommissioning
Training and maknténance
H o p—— — welf risers and wmrplates i
W Renqwabh energy twlaf '-I o~ C.a;rnll replacement wT:i, ‘.- Boreholes and ground sink condensers
"-..___ electricity) ___.»" .. high efficiency version __2  Distributed refrigeration
e H O _______________ (e Lemmmmmmm——— system
¢ Doors on :ablne:s 3
____________ i gt
& Ite!r igerant - Ctrbf_m |
_ Boilers with I o] *. giaxide (CO2, R744) .0
higher efficiency A oo ’_‘_T_I‘Ilg_'_ ———————————
— .
e il - g Night blinds and covers . 2
W () told air retrieval o)  Renewable energy O c\:'uﬂl pumps, heat rv:lmm":l i Aerofoil air-guide l:h I ) - Lrghhl;-:g |:tore:. impact
? (sotar thermal) """-a-nf_T,d,l_a:ifEit- e ort air curtains Centralised air distribution an cabinet perfarmance
—: MO 0 Adiabatle condensers Floodad evaporators O Liguid-suction
& Waste technologies Strip curtalng (added to R744) heat exchangers
Y = bors with highe — <l Economisers
= = N MOtors ] T apan : PY " re temper: e . o 5
efficiency Bl kg fabck:apririeian contral Ejectors Electronic expansion valves Fipe insulation
Improved glazing 3
- De-stratification fans Building glazing * Reducing thermal
. + optimisation Defrost on demand Improved cabinet Anti-sweat... radiation
Daar air curtain loading Anti-fogging glass
@ @ o @ Building Hghting 0 E Lighting - cabinets Variable Speed Suction pressure control
= efficiency L O drives [VsDs) Q
\Viariable Loading {food) b Cabinet lighting controls - | Secondary
frequency drives Controls [advanced) temperaturs and duration dimming/ switching/ systems
~ Matural/passive ventilation “"’f':lg_”a“t' hHe Nataer Efficlancy Conttollers' [MECr] T - Store dehumidification
Packaging — low refrigarants Fipe pressure drops minimisation Dynamic demand Tangential fans
carbon options Racommisaloning Thermal store - Training and maintenance
- Reducing head pressura Two stage compression
Shelf risers and weir plates Water loop systems
<lyear <3 years <3years =5 years Weutral Negative <lyear <3 years <5 years »5 years Neutral Megative
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Modelling scenarios

. \e)
2 supermarket sizes (2,100 and 600 m?) @@o‘\o@%
: ‘ O Lo
e 3 scenarios between 2020 and 2050 &(\e%‘ (\x\o\ooy‘
T @ |‘
* Assume changes to electrical © © 0\ \66 \ﬁ Ambient Eu}rent carbon Current
DO generation carbon % C’)‘ ’O"'\Q if (average) conversion factor heating type
conversion factor \?\6 France Low Electric

‘Medium Electric (HP)
Low Electric (HP)

nOth] ng ¢ Global warming continues as

predicted

Lithuania
Norway

¢ Doors on cabinets

M] NOor * HFO refrigerants (small

stores)

I'et rOf]t e Increase dead band of store

ambient temperature by 2K

. * Apply R744 (to small stores)
MaJ or * Better cabinets (20%)
retrof-it * Heat pumps for heating

* RES (solar)
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Modelling methodology

* Three programs were used

Geometry

¥
Location

(Weather Files)

)

Construction and
Material Sets

4
|
|

|

¥

[ Equipment |-—-- “:: Schedules «-—-

| Occupancy |-~ l

Space Loads «—-

Y
Water, HVAC,

Refrigeration
Systems

——————

|
|
|
L

<—-—- SketchUp Pro

OpenStudio

EnergyPlus
|

v

Sketchup

- Create the model geometry
- Assign space type
- Assign thermal zones

\

OpenStudin

- Create materials
- Assign construction materials
- Assign internal loads and schedules

- Display the results

p— N

.r
L4

EnergyPlus

- Simulation engine to estumate energy
consumption

Workflow for modelling

»| Energy Consumption Results

- »]

TEWTI Calculations

Workshop 16
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Results — Energy consumption

* Example (medium supermarket) — Minor retrofit

900,000
= 800,000
E 700,000 1 1
s T Starting with the
(=] .
¥ Do nothin
[=18
§ 500,000 scenario
tis 400,000 Applylng
£ 300,000 technologies
T 20000 |nd|V|du_aIIy to
g study their effect
< 100,000
0 Combining them
®% 2 Q-& : \_\"‘- _@{\% \\\ \(&! l-,_‘:" \\‘_ d‘ 1
*:‘65\ ﬁ*ﬁk\\ .;?@0 ‘F‘} & % 530& @"b {\db £ %&'\& @Q‘ & zﬂ} ,35‘(‘ u"’-"é {\d::\ é‘@‘ {,;&' \{\ ‘zﬂ- 0':.’;0 n:t“'i} g’b‘o&@ & to get the Minor
FEFE TS I FEFHE P E S * & & ¢ retrofit model
@ d:;}:- o {?_‘. ._-ch 2 d:;\"-‘ o & §|{ o & d:fﬁ o 2 ‘P{‘? o
g€ o g 9 g° o & 9 o o 9
Kaunas London Oslo Paris Rome Warsaw
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Results — Energy consumption

* Example (medium supermarket) — Major retrofit

600,000
500,000
= Same
2 400000 methodology
s
g Applying
2 technologies
S 200,000 <A
o individually
=
€ 100,000 .
- Combining them
] )
= to get the Major
c 0 ;
< SFEERE FEEHS S o -:rEP & SEED & & @-::G\h@b LD retrofit model
L R S5 o q;, o & R o = e \{:. e = a3 L. Ll Sl -
r_';\'g. %{3}“ ':.F:‘ {;xtpﬂ" kt‘?-' o "..'.SF. Qf,._“'\‘ (—E}{:‘ d\‘\e Fa L'g‘j ";qf?\‘ (_._0{;\ df‘zﬂ -t'.dj:.( L%Q @"x{-‘ﬁ@ d‘{b T}d) : G‘Q @\_{Jd:{\ dq.‘:z. &Q}K(ﬁj ‘_::j\.{-re{;\ (Comblne d)
i Q‘E‘ 2 9= & ‘e_'\"i- ) = o \%"2- n = LA Q@- e ¥ & \E\E‘ o &= & QF" o
o g o & o g <+ & o & &V
SF° g al R g gF
» 3" + + " "
Kaunas London Oslo Paris Rome Warsaw
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Results — Carbon emissions

 Example (medium supermarket) — Major retrofit

140

120

€O, ,emissions (t CO, /year)
[#.2]
L=

-— & . already near zero
0 L - 2 SS—_—y
2020 2025 2030 2035 2040 2045 2050  Poland: a|though the gr|d
Year . .. . .
is decarbonizing, still high
—&—Kaunas —#&—Llondon —@—0Oslo —M—Paris ——Rome Warsaw Ievel in 2040
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Lithuania and UK:
predicted to reach almost
zero by 2050

France: already has a low
grid conversion factor and
is near zero by 2050

Italy and Norway: no
official information on
grid carbon intensity but a
potential to decarbonize
in Italy and Norway is



Main conclusions and recommendations

* Carbon emission savings between 59% and 97% were achieved

Depending on location, grid carbon conversion factors and technologies

Opportunity 6

Use RES, especially solar

Opportunity 5 in sunnier climates

Don't wait, early interventions will reduce
cumulative global warming

Opportunity 3
Purchase the most energy
efficient equipment

Oppeortunity 4

Assess benefits of
technologies according to
specific location and operation

- Apply doors to open
Opportunity 1 fronted chilled cabinets

Transition to
natural refrigerants

Diagram showing the priority areas for supermarkets to focus on

% E NO U GH Workshop 16 24/08/2023

Important to act
quickly to maximise
both energy and
carbon savings

All examined
technologies are
available today

The opportunity to
reach near zero carbon
for supermarkets exists

and is feasible !

A

26th International Congress of Refrigeration - Paris Congress Center
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supply chains
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Objectives

An assessment tool at the scale of a food supply chain
* To provide insight on global numbers (countries, food sectors...)

* To identify the greatest potentials of reduction
60% of food should be refrigerated at some point
Approximately 70% of emissions from food are related to perishable foods

* To include food quality as a criteria

A tool to help food industry to design and decarbonize the food supply chains

% E NO U GH 26th IIR International Congress of Refrigeration

24/08/2023 ‘



Background LN - s
FRISBEE TOOL i "DHD

A Matlab application for Microsoft Windows

Allows the user to assess food cold chains with 3 criteria: e T

food quality evolution, energy use and environmental e

E Latwnt Dnaricprwvntn

impact (CO, emission)

i in block seings - CA Storage sz g
LT settings ) T rmamarcr bassdng b e 1ok fons scsvmd farcig Kor e [ e Comeri'o
v Fraacen Fames IGO0 4 v g e e
Cold room Refrigeration system
— Storage conditions
Room air tamperature 1 e =
FREBLE 1ok - Anple | (intited] - e Cold chain block settings - Domestic fridge C=aES
| F————— T ——— Room air humidty 95 % Cold chain block settings - Display cabinet C=HEE
| - = = —
LR Storage duration 270 |ldays x — Cabinet specifications. AppSaics specitions
L L —— L =
transfer coeff 0.5 WK 3
- Cold chain simulation -~ Chain variability- AR it anmmmmmdwnm = (Fraulr:e fridge-freezer -
- Clhuaim Ananembiien [~ Outputs Outdoor temperature | 15 ' ———————
Settemperature 4 c Efficiency label
Moo Carla Outdoor air humidy 70 % e = ——
i L - P | 5 ueesemn | - - Height  Depth  Length _ O _
| Weather St (no wind) v || 1] Use Temperature profie———————— (m  (m (m) e W | _
i M cewre cran | b sevecran | : ' || | Defrosttyps Off-eyeie - [ Load data Time unkt |days  ~ Cabinet 1 15 25
E B s - Chain optimisation ! | oa B e |
. Dooropenings —— Storage room enclosures —_— 1 -
‘ i~ o Wigth of door 3 m Areain®) Insulation Thick{mm) Usable volume 8 % Fridge  Freezer
S ot O e T e ]l s s o - EEEE
| No. of door openning a per day Roof | 2100 | Polystyrene foam x| 150 ) Remote @ integral ‘ ’V oo dokn, Time unts | gsys ‘ Set temperature 5 48 | ’7 Load data Time units days - |
— o - ¥ Fioor | 2100 ||Concrete = s |l = A e L
- - | s || | Total volsme of room S000 m Rafrigerant Ty =3 Stocking densiy 0 P Refrigerant R500a - Stecking densty 50 %
Lalect & Dinck 10 SR T8 PrOpETE. o0 FRISAEE reteience eham Product B 3 = =
i Door protection No protection ¥ g : e = || | GWP of refrigerant | o, el 1 ton 1M | | ovep ot retrgerant 3 Total mmss o 9 |
1 1 frigerant ‘Storage duration T days v Refrigerant charge: 1 KW ‘Storage duration s days v
[ - ot | vy [ Door seal condtion  B8¢ b | EE R p—— Y | | = charee g e o 2
I | ._.-.;.l |_—,)| g - Regi = %/ Region————————
I = 5 Stocking densty vy © Refrigerant leak 20 %/ year Fi r— = 25 year £ r— =
Lightn ) s | et ! | | Lite time i
S — =— ’ B A— L | e | v | cop pomenergytise | 046 | kghn 2 | veus || oo fumenergyUse | 046 | kpawm
[reTT—_ PYr— [ | et Properiws | | Product Others... ] w Total weight loss. 15 %
| [ oc J[ concet J[ omy | [ ox [ conce [[ ey |
I R £ [ox ][ cumeet ) aomy ]
= ——— |
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From Frisbee tool to ENOUGH tool

Extending the scope to every food supply
chain

* Food processes (heating...)

* Transport

* Packaging

* Renewable energy sources

* Enlarged database of products

To si lify the installati d f th only 3 stes
Select a product Build the chain Simulate
Six main product categories have been Select every step, personalize them or just Evaluate the evolution of quality, the energy
considerad: fruits, ready to eat meal, meat, start with the reference chain for a first consumption, compare your custom chain

® M at I a b = > We b a p p I i cat i O n fish, vegetable and milk products simulation with the reference chain

24/08/2023 Paris 4
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Example of simulation

Salmon chain

* Road / rail / air, transport mode comparison

ENOUGH

EURDPEAN FOOD CHAIM SUPPFLY
T REDUCE GHG EAMISSIONS BY 2050

26th IIR International Congress of Refrigeration

24/08/2023

3000 km road / rail Zair

Paris

CHILLING > CHILLED STORAGE REFRIGERATED TRAMNSPORT DISTRIBUTIOM CEMNTER REFRIGERATED TRAMSPORT DISPLAY CABINET
1.5%C, 1.0 hour(s) 0.0°C, 1.0 day(s) 0.0°C, 4.0 day(s) ,3000.0 km 0.0°C, 1.0 day(s) 2.0°C, 2.0 hour(s) ,100.0 km 2.0°C, 1.0 day(s)
TRANSPORT (MOM-REFRIG ) > DOMESTIC FRIDGE
15.0°C, 2.0 hour(s) ,5.0 km 4.0°C, 2.0 day(s)




Example of simulation

Road / rail (electric) / air — results comparison

Best chain: Rail

Lactic acid bacteria L

Steps contribution to Lactic acid bacteria

Lactic acid bacteria

logCFUfg

0 1 2 3 4 5 6 7 8 g
Time (days)
@ Rail -+ Air = Road @ Rail @ Ar @ Road
CO2 emissions @ Paiagig @ Tinepin @ Proceesia = ENOUGH label of food supply chains

3
Rail Air Road

T

g

£ ) | BJ | Bg

=}
— Y Y
N |

o
Rail - 0.227 kg CO2e / kg product 2.796 kg COZe / kg product 0.4 kg CO2e / kg product
Air
Road

For this example, emissions more than 10 times higher if air transport

% E NO U GH 26th IIR International Congress of Refrigeration ‘ 24/08/2023 Paris 6
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Example of simulation
Apple chains from New Zealand / France, retail in Paris

* Example from Rizet, M. Browne, J. Léonardi, J. Allen, M. Piotrowska, et al.. Chaines logistiques et
consommation d’énergie : cas des meubles et des fruits et |égumes. 2008, 167p. hal-00544563

PRE-COOLING
10°C, 0.5 day(s)

CASTORAGE

1.0°C, 10.0 day(s)

REFRIGERATED TRAMSFORT
1.0°C, 100.0 day(s) ,26000.0 kmn

w

TRAMSPORT (NOM-REFRIG.)
15.0°C, 1.0 day(s) ,500.0 km

5.0°C, 14.0 day(s)

TRAMNSPORT (NOM-REFRIG.)
15.0°C, 0.5 day(s) ,100.0 km

A

RETAIL (NOM-REFRIG.)

TRAMSPORT (MOM-REFRIG.)

AMBIENT STORAGE

'

T REDUCE GHG EAMISSIONS BY 2050

18.0°C, 14.0 day(s) 15.0°C, 2.0 hour(s) ,5.0 km 18.0°C, 5.0 day(s) ?
PRE-COOLING CASTORAGE REFRIGERATED TRANSPORT > TRANSPCRT (NOM-REFRIG.) /HOLESALE TRAMSPORT (MOM-REFRIG.)
1.0°C, 0.5 day(s) 1.0°C, 10.0 day(s) 1.0°C, 1.0 day(s) ,700.0 km 15.0°C, 1.0 day(s) ,500.0 km 5.0°C, 14.0 day(s) 15.0°C, 0.5 day(s) ,100.0 km
RETAIL (NOM-REFRIG.) TRAMSPORT (MOM-REFRIG.) AMBIENT STORAGE >
18.0°C, 14.0 day(s) 15.0°C, 2.0 hour(s) ,5.0 km 18.0°C, 5.0 day(s)
26th IIR International Congress of Refrigeration 24/08/2023

Paris




Results

geCOa/kg
EE 12007
CO2 emissions @ Packaging @ Transport @ Processes
1
0.8 Consumer transport
5 i
=
206 m Processes
o
£
§n.a i Road transport
Z ' m Sea transport
0.2
) . - I " Production
0

N. Z. L'rmou-i ‘ N.Z. Kent | N.Z  Kent N.Z. Belgi- Origine
. FR sin que
Limousin
Limousin Londres Aberdeen Wallonie Destination

Emissions more than 10 times higher for an apple produced in NZ

% E NO U GH 26th IIR International Congress of Refrigeration ‘ 24/08/2023 ‘ Paris 8
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Perspective

* Frisbee tool still available

* web site https://www.frisbeetool.eu/

* Enough tool still in development, but already available

* Can be accessed through the ENOUGH web site https://enough-emissions.eu/

* Next version will not only simulate food supply chains, but will suggest solutions to
decarbonize simulated chains

% E NO U GH 26th IIR International Congress of Refrigeration 24/08/2023 Paris 9
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Quantitying Cold Chain
Carbon Emissions

Dennis Nasuta, OTS R&D
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Big Picture

» Food system accounts for 18Gt CO,-eq., one third of total GHG emissions
(Crippa 2021). About one third of food is lost or wasted (FAO, 2014)

» Asignificant portion of losses could be avoided with an expanded cold chain.
Research has shown the avoided emissions exceed the equipment emissions
(IR, GFCCC)

» Refrigeration equipment will need to more
than double by 2050 (Peters, 2018)

Total GHGs emissions excluding LULUCF

\

Top 20 of countries (year 2011) vs. Food wastage Bigger

12 .

10 If food wastage were C0|d Chaln
o a country, it would /
;“ 8 be the third largest
(W] emitting country in
p 6 }-{J(Jl) the world
E 4 . .
g, I Baseline Improved Cold Chain

0 I l L R R R R B Indirect Emissions M Direct Emissions

& PG S R RV I S R S D S VS I - S Lo

¢ & & & R Lt & “6 K ?\f}“b @"? S Y& S B Food Loss Emissions

‘(00 )d) .\9‘9 t—,"'—‘o '—:00
\)("

Source: WRI'S Climate Data Explorer (4)

» There is an unmet need to quantify food losses, current cold chain, and t
iImpact of cold chain improvements




Past Work

yloklol James and James- one of the first to claim that cold chain expansion might be
possible without net CO2 emissions increase, though no quantitative study

FAO Food Wastage Footprint- methodology to quantify global food loss/waste and Emissions Changes from the Cold Chain and Agricultural Shifs
its impacts. Emissions from food loss were 3.3 Gt CO2-eq. annually ; i“
ok GFCCC- team involved with FWF computed that if global cold chain was expanded - 3
to the level of developed countries, the emissions savings from food loss would be -ZZ»
10x the emissions increase from equipment ! e i o e e

e mRmmauTims SFUN SVemsl SMast SRnsdSatol SMK

Emissions Changes from the Cold Chain, Agricultural, and Demand Shifts

oienl Heard & Miller- studied Sub-Saharan Africa. Showed that other factors (agricultural ..
and dietary shifts) could be highly significant. If a North America-like cold chain
were adopted, emissions could decrease as much as 46% or increase by 10%

2021 B global model for estimating net cold chain impact. Infers extent of cold chain ...... o

Bassiine S5 —> HA ssA—> Eur,

s in upstzeam food supply emissions (kg COe) required to deliver one kg of 2 represeatative diet, based on a weighted average of
od type within 3 typical diet. Percentage differences in emissions are displayed by corresponding food type in the graph.

equipment from food production and country characteristics (bottom-up o rsstentr
approach). Estimated expanded cold chain benefit to be 1.8x more than i oty ot

equipment emissions 0 .| .

» Crippa; Tubiello- using top-down accounting of cold chain including reported
refrigerant inventories, not estimating its impact on food loss avoidance

» GFCCC/UNEP OzonAction launch Cold Chain Database and Modeling Initiative




Modeling Goals

Cold Chain Emissions Model

Q00

Current Cold Chain:

@ Load from survey
() Infer from food quantities

Improved Cold Chain:

Cold Chain Coverage

Precooling O—
Cold storage O—
Transport T
Retail O——
Consumer (O—
Refrigerant GWPs O—
.

Electricity Emissions oot

Enter Country:
|JParaguay ‘ ]
|Load from FAO] Food Production
Cold Chain
Other Effects
Results:

m ndirect Emissions

Baseline

Improved cold chain
reduces net
emissions impact by

Improved Cold Chain

B Direct Emissions ® Food Loss Emissions

>

>

Seeking a rapid, high-
level method to
evaluate emissions
iImpacts of decisions
around cold chain
expansion on food loss
and emissions

What are the effects of
following expert
recommendations on
refrigeration coverage,
efficiency, low-GWP
refrigerants?



Modeling Roadmap

(- Begin Analysis i Food Data 3
Select Target Country Load from FAOQSTAT
Select Comparison Country » By Food Type:
s ;
Configure Options f”’“’““”““- Import, E:s-:;mrt...d,l Calculate Losses w
v
: : ——| Using FAQ/SIK Method = A ™
Bralris thions ™ Food Emissions
Set Grid Emissions f ! Jﬁustaysson, 2013} Agricultural Emissions
Mirror loss rates from “[f‘fg Z";?;WF methed
comparison country? ( ' )
o| “Agricultural production 3
o - End of Life -
-Postharvest handling T =
-Processing & Packaging *| (FreshFLW, 2021)
-Distribution L )
-Consumption 1
\_ J a Comparison W PO I I ny
PR ——— S N . T T p— » .
N\ L .
= B ™ i - : ST . | Total emissions for target | nveStm e nt
‘ Cold Chain Coverage Estimate Cold Chain I'rarget ke { » [:-:Ju_ntry AR irnprmr{? d cold { . ’
- »| From IR Method L »| Using IIR Method : chain (per comparizon engineering
I =3 I country) - -
| d Dupont, 2020) J—-\—” (Sarr, 2021) | Comparison Country A d eclision
| Equipment & Emissions !
| \ Jo |

7

N o e e e e e e e e e e e e e e e e e -

Will be improved with ongoing data
collection efforts




lllustrative Example: Kenya

60000
g
_ O 40000
Improved Cold Chain: ©
32% less food loss 5 20000 11% more food
24% less emissions from T delivered for same
lost food T production
Baseline Improved Cold Baseline Improved Cold
Chain Chain
B Food Production [kt] W Food Emissions [ktCO2e]
m Food Loss [kt] Lost Food Emissions [ktCO2e]
Less-sustainable expanded cold chain: Sustainable expanded cold chain:
» 9x increase in domestic refrigerators (31M in » 12M refrigerators (1 per household)
nation of 50M) » Low GWP Refrigerants
» Maintain current high electricity emissions » Planned electricity decarbonization Sustainable cold
(0.5kgC0O,eq/kwWnh) (0.3kgC0O,eq/kwnh) : . 0
50000 50000 chain emits 7%
less CO, per mass
g — - < — food delivered
10000 O 1
Y g 1% — compared to
- current baseline

0 cold chain

Baseline Improved Cold Chain Baseline Improved Cold Chain
m Cold Chain Emissions [ktCO2e] B Cold Chain Emissions [ktCO2e]

Lost Food Emissions [ktCO2e] Lost Food Emissions [ktCO2e]




Towards a Sustainable Cold Chain Definition

Past work has always compared against existing developed cold chains, this is
problematic because:

Developed countries tend to have higher rates of consumer food waste

Many developed countries may have more refrigeration equipment than optimal
Existing products use legacy refrigerants with much higher GWP/0ODP
Electricity production is rapidly decarbonizing; dated values will significantly
overestimate equipment emissions

When evaluating the impacts of cold chain expansion, we should compare with a
cold chain that is optimized for sustainability (not just copied from developed
countries) using expert recommendations for:

vVVvVvyYy

Attributes:
« How much cold Affects
per mass of food
Cold Chain
Emissions

CcOoP
GWP

: Equipment
« Leak rates

Energy + Electricity emissions
+ Vehicle fuels




Path Towards Methodological Consensus

» Complex, interdisciplinary problem - requires contributions from experts from
multiple fields to resolve open questions

Cold Chain Characteristics

Food Production

Source: FAO

Categorization?

Methodology from FAO
or other?

Causal linkage between
refrigeration and loss
rates by category

data

GWP, leakage, etc.

Bottom-up method? Harmonize with top-down

Equipment categories and characteristics?
Sources for data defining coverage, efficiency,

Current

Existing assumptions or
new data collection?

Improved

Existing assumptions or
new data collection?

Standard definition of
levels of "sustainable
cold chain"?

Advanced Analysis Options

Projected electricity grid
emissions factors?

Simultaneous developments to
agricultural practices?
consumer waste, dietary
preferences / demand shifts?

Appropriate metrics?
Attributional vs consequential?

Total net emissions change?
Normalize by food production?




Discussion and Conclusions

>

We invite collaboration - Contact us!

dnasuta@ots-rd.com rajan.rajendran@copeland.com

The environmental impact of the future cold chain has the potential
to be much lower than the systems of the past and present - modeling
should be updated to reflect this

Establishing a “standard” set of characteristics of a “sustainable cold
chain” allows us to project future benefits of cold chain expansion
with less reliance on current data or comparisons against other
developed countries

Reaching consensus on methods and metrics is essential to ensuring
that the analysis delivers meaningful results - time is of the essence

fay@foodcoldchain.org juergen.goeller@carrier.com
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