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A tool to evaluate and optimize GHG emissions of food supply chains
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To simulate and analyze GHG emissions
To identify the contribution of every step

To evaluate the impact of logistics (ex: local / long distance), technologies...

To provide insight but also turn it into action by suggesting ways to improve

Public target:

« Stakeholders involved in supply chains

» Researchers, students looking for a simulation tool
 Policy makers

« And more generally everyone interested in
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A Matlab application for Microsoft Windows

Allows the user to assess food cold chains with 3 criteria: Latest News Events coming up
food quality evolution, energy use and environmental e, | ARG

PNESLE wsicaras HEW BEWBERS Sdawry

impact (CO, emission) ...

hruk m sy, Daiy .

Cold chain block settings - CA storage [ :
il 9T Bl s Pt Pl HASomac) Ry, W 5 L 5l € s il L.
e Pra e Pagamee FTTRT SVH vy sy S50
Cold room Refrigeration system JERE T
- Storage conditions -
—_— ‘Room air tsmperature: 1 G —
FRISBEE tool - Apple: [Untitied] “ Cold chain block settings - Domestic fridge S=NES
[ Fte Edit simuiste postprocessing  Help Roomak humidiy | 55 % Cold chain block settings - Display cabinet =) —
D= Storage duration 20 |[oays v A AT i  Appliance specifications
I Heat transfer coetf | 0.5 | WhwK Iyee, 3 1
|~ Cold chain i - Chain variability : ’1,““ TS Frost free fridge-treezer -
Chain Assembi atput Outdoor temperature | 15 ©
. Em s | ¢ | % Cctney o
I $E  New chan 5 Losdchan 7 Potresur Height  Depth  Length _ D A _
I Westher St (no wind) > || "] Use Temperature profle —————— . m  m m e _
I 2 Do ctan (&) e Defrost typs Off-cycie = [ Load data Tmeund |ays - Cabinet 4 15 25 |
B Repont ' Chain optimisation o I8 o |
[~ Door openings——————————— — Storage room enclosures —_— S < I i
(% Export resut W Width of door 3 m Area(m?) Insulaion  Thick(mm) || usable volume 65 % Fridge  Freezer
o I ) = it Tensetonseiie Vokme 20 || 100 | L| ]useTemperstonprotie
No.ofdooropanning | 0 | perday [ | f8Sr| 2'%0 [{Polystyrene foam w150 ’7 Remote @ Integral | [ Load dats [ — Settempersture | 5 & |C Load data Time unks | doys  ~
i a s Floor | 2100 ||Concrete x| s00 = = Product
Cokd chain 1 i e Total volume of 5000 m | Frosuet
Tratfic through door | Low - ol Refrigerant o = Stockng density 50 % Refrigecant R5008 - Stocking densty S0 %
et b ey Load FRISSEE reference chain = S J el ot Sk - -
I Door protecton | Hopratection v | [ g : e || | owPotremrgerant o0 Total mass 1 o e 3 . |
] trigeran Storage duration 7 |l - trgerant charge Storage duration -
Presosng | casonge | woosae | meat | monspon | amoen Door sealcondtion | 999 || selctdmensons  dameter(m = 00775 1 fx toharge ol 1 [ioniy o il ) 1| kAW days v
forniig | Gonritad - Re sk _—
somge i e 2 2 % Refrigarant leak 20 %/ year c;-"-,:"; — = frigerant 25 %/ year Mq:yon e -
Il | uantng o | Wiwa) P | | Life time. : Life time i
Total mass in store 2705 e 2 [yl ey s | 45 e | 20 | v || on omEnergyUse | 045 | kgnih
I gasckward | [_Forward | [ pelete | [ Properies | [ Produet | Others... 0 w Total weight loss. 15 % |
— | [ ox J[omen J[ oo JJ| || [ ox J[ come J[ co |
e e e L [ o J[ cmon J[ ey ] ‘
— — - —_— - ]
ENOUGI I ENOUGH Workshop 13 August 2025 Manchester 4
EUROPEAN FOOD CHAIN SUPPLY
TO REDUCE GHG EMISSIONS BY 2050




ENOUGH tool

Optimizing food ge ality;, energy use and environmental impact

* A web application to simulate food supply chains
and assess greenhouse gas emissions has been . a—
developed and is freely available. Take me there

* Extending the scope to every food supply
chain

* Food processes (heating...)

* Transport

* Packaging

* Renewable energy sources

* Enlarged database of products

To develop a web tool to simulate and analyze GHG

emissions at the scale of a food supply chain
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Add blocks User interface

Run simulation

@ENOUGH Administration Packaging Products Simulations Logout \
Colruyt Belgium: apple october retrofits share | Renme [SERNEE

ADD A BLOCK
PRE-COOQOLING
BE apples - 255.0 km - 16.5 day(s) | %
CA STORAGE
REFRIGERATED TRANSPORT
TRANSPORT (NON-REFRIG.) > PRE-COOLING > PACKAGING > REFRIGERATED TRANSPORT > WHOLESALE >
T T 15.0°C, 1.0 hour(s) 8.0 km 10°C, 0.5 day(s) 15.0°C, 0.5 day(s) 2.0°C, 4.0 hour(s) 192.0 km 10°C, 3.0 day(s)
PACKAGING
WHOLESALE
i AL S L REFRIGERATED TRAMNSPORT > RETAIL (NON-REFRIG.) > TRANSPORT (NOM-REFRIG.) > DOMESTIC FRIDGE >
2.0°C, 0.25 day(s) ,50.0 km 18.0°C, 2.0 day(s) 15.0°C, 0.0833 day(s) ,5.0 km 5.0°C, 10.0 day(s)
RETAIL (NON-REFRIG.)

DOMESTIC FRIDGE

Drag and drop block

AMBIENT STORAGE

DOMESTIC FRIDGE

COLD CHAIN @
A Fridge Refrigerating system
Add a chain

BE APPLES

[ Duplicate ][ Rename ] [ [ ]

Fridge specifications

Modify block

¥ e properties
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Simulation

Refrigeration
or heat pump?

Other

heating process
?

Mechanical
process ?

Calculate
time-temperature
profiles for surface

e
and core
Calculate COP Calculate heat
Includes thermal — load
resisitahce due to Y
packaging —
Calculate
heat/cooling
load

Calculate

energy
consumption

Primary data source: Ademe, Agribalyse, GLEC,
IPCCC, STEP (Inrae), CoolProp
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Transportation ?

v

Add energy
consumption from
engine (GLEC)

l

Calculate total
energy
consumption

_—

C

Packaging ?

Calculate CO2
emissions due to
packaging

l

Calculate total CO2
emissions (process,
transport, packaging)

R

Calculate guality
indicators from
temperature profiles

Display results

U

Manchester




Firmness hd

Firmness

Steps contribution to Firmness

Results ®
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* Energy / kg product R
* CO2 eq emissions / kg product |
. . < @ Fackaging @ Tansport @ Fefrigerston @ Consumption = a
* Product quality i — = a
°

0.237 kg CO2e / kg product 0326 kg CO2e / kg product

Exergy efficiency

* Potential for energy recovery :

snort wrips

Potential emission savings

* Suggestions of decarbonation

o,
O p p O rt u n I t I e S + Photovoltaic electricity generates 95% fewer greenhouse gases than the European average. A well-designed PV plant can cover 40-60% of annual energy needs and meet seasonal peak demands, with a payback time of over 5 years.
+  Automated handling can reduce energy usage by 20 to 50% by providing a more efficient aperation of cold storage facilities (Payback time < 5 years).
+ Floating condenser pressure can reduce energy usage by 5 to 13% by adjusting the condenser pressure to the ambient temperature. (Payback time < 1 year)
+  Ammonia is the refrigerant of choice for maximising system efficiency and reducing operational costs. In addition, R717 is emvironmentally benign.
* 1-MCP (1-Methylcyclopropene) treatment of fruits and vegetables can reduce energy usage for storage by 12.5% to 16.7% by maintaining a low respiration rate. (Payback time < 1year).

1 B a S e d O n W P 2 ro a d l I l a p S *  Use of low GWP refrigerants is highly recommended for large frozen and chilled stores. Ammonia is the refrigerant of choice for maximising system efficiency and reducing operational costs. (Payback time > 5 years)

+ Biomethane can be used as Bio-CNG (compressed) and Bio-LNG (liquefied) for transport, directly replacing conventional CNG and LNG without infrastructure changes. (Payback time < 1 year)
+ Using a natural refrigerant (CO2 hydrocarbons.) in transport can reduce emissions up to 20%. (Payback time : neutral)

Mere information about technologies that reduce CO2 emissions in the food supply chain can be found hers for display cabinrets, here for cold stores, here for transport, and here for domestic refrigeration.
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YOGHURT CHAIN

Case study from Radford, Alan, et Techset Comp Ltd. « Assessing Transport Energy Consumption in Two Product Supply Chains ».
International Journal of Logistics 9, n° 3 (22 février 2011): 237-52. https://doi.org/10.1080/13675560600859243.

*  Primary data obtained through surveys
(type of vehicle, mass transported,
@ distance...)

3rdiparty *  Detailed input data in the report :

@B logistics
Dairy provider

Milk processing

Rizet, C, et Basile Keita. « Chaines
logistiques et consommation d’énergie:
cas du yaourt et du jean », 2005, 92.

80% by car

Hypermarket
Display cabinet 18km

Refrigerated warehouse
Yoghurt preparation

. 5T . o
7% by car * National distribution case study, not very
y
303 km 192 km e e long distances
Distribution 3km gRw Consumer
center Local shop Fridge * Focus on the last delivery: comparison
Refrigerated warehouse Eﬂ A lsplay cabinet @ﬁ‘ between ShOpS and e-commerce
oo 20km

E commerce

Delivery center
Yoghurt chain

0 Stages in the logistic chain
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https://doi.org/10.1080/13675560600859243
https://thenounproject.com/icon/shopping-17962/
https://thenounproject.com/icon/car-6983030/

RESULTS

Potential emissions savings

* Comparison hypermarket and e-commerce

* E-commerce
* No emissions for retail
* Mass transported higher (emission intensity)

e Local store: only 7% by car

* Minor retrofits

* For cold storage blocks
* Renewable energy (50% autosufficiency)
* Floating condenser pressure

ENOUGH Workshop 13 August 2025

COZ emissions

@ Process @ Packaging @ Transport @ Refrigeration @ Consumption

-52,4%

0.25

dud]

0.2

1-35%
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-9%
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ﬂ-14%

1
0
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0.05
0

Hypermarket

E commerce
Local store

Minor retrofit
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Importance of mass transported: emission intensity

Examples for road transport

Payload : 19-22t

Payload : 2,5-9t

Payload 1-2 t

(% Mass transported (survey): 30 kg
hypermarket, 15 kg supermarket,
Consumer car 5 kg local shop

ENOUGH ENOUGH Workshop 13 August 2025

EEEEEEEEEEEEEEEEEEEEEEEE

Emission intensity
(diesel): 95 gC02/t.km

Emission intensity (diesel):

210 gC02/t.km

Emission intensity
(diesel): 793 gC02/t.km

Emission intensity (diesel):

from 3000 to 8000
gC02/t.km

Emission
intensity

Emissions to
transport 1 ton of
goods over 1 km

Manchester
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https://thenounproject.com/icon/car-6965949/
https://thenounproject.com/icon/van-1149856/

APPLE CHAIN IN BELGIUM

Case study from Goossens, Y. et al. « How Origin, Packaging and Seasonality Determine the Environmental Impact of Apples, Magnified by Food Waste and Losses ». The
International Journal of Life Cycle Assessment 24, n° 4 (1 avril 2019): 667-87. https://doi.org/10.1007/s11367-018-1522-0.
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Farm
Belgium
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Cooling CA storage Distribution B[O
Depend of the season Cleg]atyer
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Retail
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Farm
NZ
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EIE Display cabinet
=5
Distribution
center
3 days

13 August 2025

Consumer

*  Primary data obtained from Colruyt group

(type of vehicle, mass transported,
distance...)

*  CAstorage only for December and later

Apple chain
Stages in the logistic chain

Manchester 12



https://doi.org/10.1007/s11367-018-1522-0
https://doi.org/10.1007/s11367-018-1522-0
https://doi.org/10.1007/s11367-018-1522-0
https://doi.org/10.1007/s11367-018-1522-0
https://doi.org/10.1007/s11367-018-1522-0
https://doi.org/10.1007/s11367-018-1522-0
https://doi.org/10.1007/s11367-018-1522-0
https://thenounproject.com/icon/apple-6977229/
https://thenounproject.com/icon/apple-6980183/
https://thenounproject.com/icon/apple-6980183/
https://thenounproject.com/icon/freezing-3257267/
https://thenounproject.com/icon/freezing-3257267/
https://thenounproject.com/icon/warehouse-6985020/
https://thenounproject.com/icon/seaport-5428914/

Case study description g
Share Of apple SaleS DISTANCE: 14878 nm SPEED: @ | 14 knots DAYSATSEA: 44.3

25 Shares of BE and NZ apples sold per month e

20
1
J F M A M J J A S 0 N D

i i

mBE m
Harvest NZ P ™ML arvest BE

(S}

o

(8,

o

© OpenStreetMap contributors.

Source: Colruyt group

) NZ apple: 27554km from Wellington to Antwerp
Imported apples: 40% of apples being sold
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https://thenounproject.com/icon/harvest-6426998/
https://thenounproject.com/icon/harvest-6426998/

RESULTS

Potential emission savings

e |f minor retrofits

e For cold storage blocks
* Renewable energy (50% autosufficiency)

* Floating condenser pressure

* For transport
* Biomethane (large vehicles)

* If major retrofits (or new devices)

e R744 refrigeration unit
e Automation handling in warehouse

ooooooooooooooooooooo

COZ emissions

® Process

1.25

=
i
o

05

[kg CO2kg produd]

0.25

]
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@ Packaging

BE apples

@ Transport

MNZ apples

@ Refrigeration

-7,5%

BE apples minor re.__.

@ Consumption

BE apples major retrofit

Manchester ‘ 14




Firmness ht

What about quality ? Eirmness

85
80
* Even in the worst case : 9 months .
of controlled atmosphere storage
for local apple (in August) 70
e Firmness, colour and weight loss 65 | | | | |
. . . 0 L] 100 150 200 250
have been found relatively similar Time (days)
-# Belgian apples -+ NZ apples
Weight loss v Colour v
Weight loss = Colour =
4 5 Citical value
3 0
2
22
< A
q -6
-8
0 | | | | | | | T T | |
0 25 50 75 100 125 150 175 200 225 250 275 -10 T T T T T T T T T T T T
Time (days) 0 25 50 75 100 125 150 175 200 225 250 275
. Time (days)
-~ Belgian apples -+ NZ apples
Highcharts.com - Belgian apples -+ NZ apples
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