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EXECUTIVE SUMMARY 

One of the main tasks within WP4 is to develop a software tool that can evaluate greenhouse gas 
(GHG) emissions from the food supply chain and help to identify the most critical points where 
improvements can be applied. Task 1 was dedicated to the development of the first version of the 
ENOUGH Tool. This version is an extension of the Frisbee tool that allows us to assess not only cold 
chains, but more extensively every food supply chain from farm to fork. Thermal and mechanical food 
processes, renewable energy sources, and transportation emissions have been added. An update of 
the calculation core for refrigerating systems has also been performed and several food products were 
added to the tool. More products and technologies will be added in the next WP4 task 2 . 

 

 Deliverable 4.1 - Food supply management tool including heating 
processes and renewable energy sources 



4.1 Food supply assessment tool  
including renewable energy sources 

 

P a g e  5  |  3 6  

1 INTRODUCTION 

Simulation tools can be essential to aid reducions in GHG emissions from the food supply chain by at 
least 50% by 2050. In particular, such tools can help in identifying critical points where efforts should 
be concentrated to reduce energy consumption and GHG emissions. 

The complexity of food supply chains and food processes management can be more easily addressed 
with decision support tools that can integrate quality preservation, energy consumption, and 
environmental impact .  

Logistics management tools usually aim to reduce costs and improve responsiveness. But 
characteristics of food products such as perishability and quality, and growing sustainability concerns 
require the extension of tools to other criteria. Literature reviews show that there is a need for 
modelling tools that manage both quality and sustainability (Akkerman et al. 2010, Soysal et al. 2012).  

Existing software solutions to evaluate food perishability aim to model the growth, inactivation, and 
survival of micro-organisms in food products such as the “Baseline Software Tool” 
(www.baselineapp.com), or “Combase” (http://www.combase.cc) or Sym’Previus 
(www.symprevius.net).  

For energy calculations, software applications have been developed to calculate energy consumption 
and emissions of CO2 for some refrigeration equipment. Examples include Pack Calculation Pro, an 
application for comparing the yearly energy consumption of refrigeration plants developed by the 
company IPU Innovative factory (http://en.ipu.dk/), “SuperSim” and “Cybermart” developed by Ge and 
Tassou (2011) and Arias et al. (2010) respectively, both for the simulating energy use of display cabinets 
in supermarkets. VCRS (Vapour Compression Refrigerator Simulator) was developed by Eames et al. 
(2012) to study the implications of design choices in terms of energy usage and carbon generation by 
refrigeration systems for chillers, freezers, and storage rooms.   

The FRISBEE tool is a user-friendly software tool that was recently developed in the FRISBEE project 
(Food Refrigeration Innovations for Safety, consumers’ Benefit, Environmental impact, and Energy 
optimization along the cold chain in Europe) It can be used to simultaneously evaluate the effect of 
temperature over a defined period of time on the final quality of refrigerated products, and to calculate 
the energy use and environmental impact of the refrigeration systems applied. This is particularly 
important because these three sustainability indicators (food quality, energy use, and CO2 emissions) 
are coupled through temperature. 

The use of Renewable Energy Sources (RES) or innovative low-carbon technologies in the FRISBEE tool 
was not the focus. The innovation potential of the tool presented in this deliverable rests in the 
development of a user–friendly web-based tool dedicated to increasing energy efficiency and reducing 
GHG emissions in food supply chains whilst at the same time simulating food quality in the cold chain. 
This new tool uses the FRISBEE calculation core and incorporates all the experience from the team who 
developed the first FRISBEE tool and the new expertise acquired from the ENOUGH group. The tool 
developed will be completely novel and will be applied to several representative food products in the 
food supply chain.   

The new tool adds novel and innovative outputs to the FRISBEE tool:   

• Simulation of whole food chains, from farm gate to fork. Post-harvest operation and transport 

from the farm  are also included as well as food processes (including heating and mechanical 

operations) 

http://www.baselineapp.com/
http://www.combase.cc/
http://www.symprevius.net/
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• Simulation of renewable energy sources and innovative “green” technologies such as those 

demonstrated in the ENOUGH project  

• Assessment of sectors where the largest levels of GHG emissions can be saved. The tool will 

allow the testing of different scenarios to reduce environmental impact on the overall food 

supply chain through a systems-based assessment. For each sector, we will be able to include 

suggestions for heat and cold integration, as well as to propose the most promising low-carbon 

technologies (RES, thermal stores, high-temperature heat pumps…).   

We expect this new generation of tools will be instrumental in the choice and design of new food 
supply chains and new low-carbon technologies as well as integration within/between each sector of 
the food supply chain.   

 

2 ENOUGH TOOL 

2.1 Structure of the software and methodology 

The Frisbee software tool was developed within the framework of the European Union FP7 Frisbee 
project. As mentioned in the previous part, the purpose of the Frisbee tool is to evaluate and compare 
various refrigeration and freezing technologies through indicators of food quality, energy 
consumption, and the environmental impact of food cold chains.  It is based on kinetic models for 
quality evolution, heat load and refrigeration cycle models, and TEWI calculation for CO2 emissions. 
The user starts by building a cold chain by selecting a product, then defines the technologies, 
properties of cold rooms, and refrigerating systems properties. The chain is then simulated, and results 
are presented graphically. 

The Frisbee tool was initially developed in Matlab and available in a Windows version, downloadable 
through a website. To install the software, the user had to first download and install Matlab Run time. 
For legal reasons, the Matlab run time could not be distributed with the Frisbee software on the 
website. Installation of this run time also required admin rights on the computer. 

A web app is a program configured and installed on a remote server and is available using a browser 
and network access. These applications are developed to run in browsers and do not require any 
installation on the physical machine. Consequently, they can be run regardless of system specifications 
(even with low RAM and low processing power) and operating systems. The application is updated 
directly in the server and so is automatically updated for any user. 

For all these reasons, it was decided to develop a web version for the ENOUGH tool. The calculation 
core of the Frisbee tool was isolated from the rest of the code and is called by the web application 
when needed (Matlab Core in Figure 1). “ENOUGH Core” refers to python calculation libraries 
developed in the ENOUGH project. Part of the Web User Interface and the web services are handled 
by the Django framework (https://www.djangoproject.com/). Specific features of web apps such as 
URL mapping, user authentication, site maps, database management (through object-relational 
mapper), dynamic web pages (through templates), and administration interface are provided by the 
Django framework.  
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Figure 1 : Building Enough tool from Frisbee tool: modules management 

The Web UI involves dynamic pages handled by the Django Framework in HTML. Some dynamic 
elements like graphs and graphic parts (blocks for example) are developed in JavaScript (see Annex 3 
for more details on the structure and programming languages). Figure 2 presents the main page of the 
tool. 

Gitlab platform (https://gitlab.com) is used as a Git repository manager to manage code repositories 
issue tracking, and team collaboration. Git is used as the version control system. This allows multiple 
developers to work on the project simultaneously and keeps track of the different versions of the code 
through what is called “commits”. The Gitlab deposit is currently only available to developers and code 
reviewers. 

2.2 Starting a simulation 

The first page is presented in Figure 2. The purpose of this page is to present the software to new users 
in the simplest way possible. This page also provides registering or login access. The current URL is 
https://frisbee-etool.inrae.fr, but an URL dedicated to ENOUGH project will be available in the next 
few months. 

https://gitlab.com/
https://frisbee-etool.inrae.fr/
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Figure 2: Main page of web ui 

 

The user has first to register or login before starting a simulation. The purpose of this user identification 
is to offer the possibility to save a simulation for future use. To register, a user must choose a 
username, and indicate a name and an email address (necessary to recover lost passwords). 
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Figure 3: Registering page 

After registering, the user is redirected to the simulations page (Figure 4). This page shows the previous 
simulations of the user. The table is empty for a new user. 

 

 

 

Figure 4: Simulations page 

 

The user can then begin a new project by first selecting a product, and then giving a name to the 
simulation (Figure 5). The user can also open a saved simulation. 

To start a new simulation 

Clicking on one of these titles will re-sort the table 
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Figure 5: Starting a simulation 

 

Originally, in the Frisbee tool, five food categories (fruit, meat, fish, milk products, and vegetables) 
were identified to be the main refrigerated and frozen food categories in the European cold chain.  

Table 2 Products available in FRISBEE TOOL 

Fruit Apple 

Meat Cooked ham – MAP 

Pasteurized pate – MAP 

Pork neck cutlet 

Fish Salmon 

Milk products Regular vanilla ice cream 

Premium vanilla ice cream 

Vegetables Spinach chopped cubes 

Spinach leaves 

 

For every product, a reference chain was defined and could be used as a start for the simulation. The 
kinetic models were developed and validated in the project using experimental results.  

All the products available for simulation at this stage of development are presented in Annex 2: 
Products available in the tool. 

 

The main user interface to build or modify a chain is presented in Figure 6. The user can begin to build 
a cold chain by adding cold chain blocks by selecting them in the left bar. Clicking one of these listed 
items adds the corresponding block at the end of the chain. The block can be drag and dropped to 
another position. Chains and blocks are automatically saved. 
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Clicking on a block shows two buttons to edit or delete. The user can modify the block properties by 
editing it. A property window then opens, and the user can modify properties like room temperature, 
product heat load (refrigeration load), refrigerant, refrigeration system, country, fans power, etc. The 
user can also delete the block if necessary.  

 

Figure 6: main user interface when a chain is built and modified 

 

The blocks available to build a chain depend on the product and have been pre-set in an excel database 
(Figure 7).   

 

Figure 7: Excel workbook containing the values used as default when a user selects a particular cold 
chain 

The pop-up window for editing the properties depends on each block category. There are eight 
categories for blocks (refrigeration, display cabinet, household refrigerator, refrigerated transport, 
ambient storage, ambient transportation, heating/cooling, and mechanical process). The category will 
mainly determine the models used for energy consumption and GHG emissions calculations, but also 
the pop-up window when editing the block: 

 

1. Refrigeration block: this category is used when the product is refrigerated (or frozen) in a 

room or tunnel. The energy consumption is deduced from the coefficient of performance of 

the system and the total heat load. The total heat load is the sum of the heat loads from the 
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process (energy needed to cool or freeze product to the desired conservation temperature), 

transmission through walls, heat input from door openings, fans, forklifts, personnel, lighting, 

fans, floor heating, defrosting and lighting. The corresponding pop-up is shown in Figure 8.  

 

Figure 8: Refrigeration block pop up 

Energy calculations are based on the evaluation of heat load and performance calculation from 
the characteristics of the system.  

Scope 1 and scope 2 emissions of refrigeration systems are evaluated in the tool with the TEWI 
concept (Fisher et al., 1991) (Equation 1), the result depends on the country. The result also 
vary considerably on how the power is generated, especially the level of renewable energy or 
nuclear energy. The International Energy Agency (https://www.iea.org/data-and-
statistics/data-product/emissions-factors-2022#overview) provides CO2e emission factors in 
kg of CO2 per kWh for all European countries and these values are used in the tool. Other GHG 
emissions will be also added, based on emission factors. 

Equation 1: TEWI calculation 

𝑇𝐸𝑊𝐼 = 𝐺𝑊𝑃. 𝐿. 𝑛. 𝑚 + 𝐺𝑊𝑃. 𝑚. (1 − 𝛼) + 𝑛. 𝐸𝑎𝑛𝑛𝑢𝑎𝑙 . 𝛽 

where 

GWP: Global Warming Potential of refrigerant [-]   

L: Leakage rate  [%/y] 

n: operational life time [y]    

: CO2 emissions from energy usage [kg/kWh] 
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m: refrigerant charge [kg]    

 recovery upon decommissioning [-] 

Eannual: energy consumption per year [kWh/y] 

 

When electricity from the grid is declared as energy source for refrigerating systems, emission 
CO2e is calculated by: 

𝐶𝑂2𝑒 = 𝑊 . 𝐶𝑂2𝑖 

where  

W: energy consumption [kWh]  

CO2i: carbon intensity of the grid for the country [kg CO2e/kWh] 

 

The user can select for heating, cooling or mechanical processes other energy sources than 
electricity grid such as renewable energy sources: 

• Diesel 

• Natural gas 

• Solar PV 

• Wind 

• Biogas 

• Biomass 

• Hydrogen 

Emission factors used for each energy source have been obtained from the French 
Environment and Energy Agency 

(https://bilans-
ges.ademe.fr/documentation/UPLOAD_DOC_FR/index.htm?renouvelable.htm). 

 

The Frisbee tool user could select the refrigerant from a list of the most common fluids: R717 
(ammonia), R134a, R22, R404A, R407C, R600a (Butane), R744 (carbon dioxide).  

A number of new refrigerants have been added to the Enough tool such as: R290 (propane), 
HFO-R1233zd(E), HFO-R1234yf, HFO-R1234ze(E), HFO-R1234ze(Z), HFO-R1243zf, R410A, 
R507a… 

Fluid thermophysical properties such as saturated pressure and temperature, enthalpy, 
entropy, and density are obtained from the Coolprop library (http://coolprop.org/), an open-
source database of fluid and humid air properties. GWP (Global Warming Potential) values for 
refrigerants are from IPCC AR6 report (chapter 7, supplementary material).  

Coolprop library gives the possibility to select REFPROP, the NIST Reference Fluid 
Thermodynamic, and Transport Properties Database, as the source for calculation. Tests using 
REFPROP instead of Coolprop have been performed, but there were no significant differences 
in the results. 

 

https://bilans-ges.ademe.fr/documentation/UPLOAD_DOC_FR/index.htm?renouvelable.htm
https://bilans-ges.ademe.fr/documentation/UPLOAD_DOC_FR/index.htm?renouvelable.htm
http://coolprop.org/
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2. Display cabinet: energy consumption is calculated from the type of cabinet, energy label, 

dimensions and set temperature. An example of pop-up for a display cabinet is shown in 

Figure 9. 

 

Figure 9: Display cabinet block pop up 

 

 

The energy consumption and emissions calculation of display cabinets has been updated 

based on the recent eco-labelling standard for display cabinets (Europe regulation 

2019/2018). Energy consumption can be evaluated from: 

• The class of the display cabinet (from A to G) 

• The dimensions  

• The type of cabinet: horizontal, vertical, chilled, freezer 

• The temperature classification (M1, M2, L1, L2, L3…) 

 
The class of the display cabinet is determined by the ratio (EEI) between the real Annual Energy 
consumption (AE) and a “Standard Annual Energy consumption” (SAE): 
 

𝐸𝐸𝐼 =
𝐴𝐸

𝑆𝐴𝐸
 

 
The reference SAE in kWh/year is calculated as: 
 

𝑆𝐴𝐸 = 365 . 𝑃. ∑(𝑀 + 𝑁. 𝑌𝑐). 𝐶𝑐

𝑛

𝑐=1
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Where c is the index number for a compartment type. M, N and C are constants and depend 
on the category of the cabinet and the temperature classification. P is a constant with values 
depending on the unit is an integral or remote device. Yc is an equivalent volume of the 
compartment. 
Knowing the class of the display cabinet, the number and temperature of the compartments 
and the type of the display cabinet, the real energy consumption AE can then be computed 
from the SAE value. 
 

3. Household refrigerators: Energy consumption depends on the energy label and the type of 

refrigerator. An example of pop-up is given in Figure 10. 

 

Figure 10:household refrigerator block pop up 

 
4. Refrigerated transport block: the product is here transported by road, rail, sea, air in a 

refrigerated vehicle. The energy consumption is similarly computed from the total heat load 

of the vehicle room, plus the energy used by the engine (GLEC approach). An example of 

pop-up is shown in Figure 11. 
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Figure 11: Refrigerated transport block pop up 

 

Emission from transport in food supply chains comes mainly from freight transport, but also 
includes transport of domestic vehicles, food deliveries, and end-user shopping.  

There are no ISO standards to measure GHG emissions in logistics. The Global Logistics 
Emissions Council (GLEC) has released the GLEC framework in alignment with Greenhouse Gas 
Protocol, the UN-led Global Green Freight Action Plan, and CDP reporting. It seems also in 
alignment with the European Standard EN 16258. This framework provides a lot of default data 
representative for Europe.   

It is a guide on how to measure and report emissions from logistics operations and seems 
globally recognized as the methodology for harmonized calculation and reporting of the 
logistics GHG footprint across the supply chain. It is the methodology used for example by the 
French National Agency for ecological transition (Ademe).  

This methodology has been implemented in the tool and is detailed in the following part. 

The calculation for freight transport is based on the “tonne-kilometer” calculation:  

 
𝑡𝑘𝑚 = 𝑡𝑜𝑛𝑛𝑒𝑠 𝑥 𝑘𝑖𝑙𝑜𝑚𝑒𝑡𝑒𝑟𝑠 

 
Based on the category of vehicle and the average values for the load factor, the calculation of 
the tonne-kilometer can be done by:  

𝑡𝑘𝑚 = 𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦[𝑡𝑜𝑛𝑛𝑒𝑠]  
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 . 𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑙𝑜𝑎𝑑 𝑓𝑎𝑐𝑡𝑜𝑟 (
𝑎𝑣𝑒𝑟𝑎𝑔𝑒 𝑠ℎ𝑖𝑝𝑚𝑒𝑛𝑡 𝑤𝑒𝑖𝑔ℎ𝑡 (𝑡𝑜𝑛𝑛𝑒𝑠)

𝑣𝑒ℎ𝑖𝑐𝑙𝑒 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑡𝑜𝑛𝑛𝑒𝑠)
) 

. 𝑡𝑜𝑡𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝑘𝑚) 

. 𝑝𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑙𝑜𝑎𝑑𝑒𝑑 (
𝑙𝑜𝑎𝑑𝑒𝑑 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝑘𝑚)

𝑡𝑜𝑡𝑎𝑙 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 (𝑘𝑚)
) 

  

Average load factor values can be found in the GLEC framework, depending on the vehicle 
used (see Annex 1). The calculation also considers a proportion of loaded distance /total 
distance to include the empty trips in the assessment.  
 
Finally, the CO2e emissions are evaluated by:  

 

𝑘𝑔 𝐶𝑂2𝑒 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛𝑠 

=  ∑ 𝑡𝑜𝑡𝑎𝑙 𝑡𝑘𝑚 × 𝑓𝑢𝑒𝑙 𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 𝑓𝑎𝑐𝑡𝑜𝑟 (
𝑘𝑔 𝑓𝑢𝑒𝑙

𝑡𝑜𝑛𝑛𝑒 − 𝑘𝑚
)

𝑛

1
 

× 𝑓𝑢𝑒𝑙 𝑒𝑚𝑖𝑠𝑠𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟 (
𝑘𝑔 𝐶𝑂2𝑒

𝑘𝑔 𝑓𝑢𝑒𝑙
) 

Fuel efficiency factors and fuel emissions factors used are given in Annex 1:  transport 
framework data 

 

5. Ambient storage: the product is left at ambient temperature for some time. There is no 

energy consumption for this block. The product temperature rises nevertheless. The pop-up 

window is shown in Figure 12. 

 

Figure 12: Ambient storage block pop up 

 

6. Ambient transportation: an example of ambient transportation is the transportation of the 

food products by the consumer. Energy consumption here only includes the energy by the 

vehicle engine. An example of pop up is shown in Figure 13. 
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Figure 13: non refrigerated transport block pop up 

 

7. Heating /cooling block: this block is used when the product is heated up or cooled down in a 

heat exchanger or in a process. Energy consumption is calculated from the heat load of the 

process (energy needed to heat up or cool down the product to the desired conservation 

temperature) and an efficiency factor depending on the process used. An example of the 

popup for this category of block is presented in Figure 14. 

 

Figure 14: heating or cooling block pop up 

Heating processes such as preheating, pasteurization, and sterilization are used in the 
manufacture of drinks, beverages, milk and in general for liquids. These processes are 
performed in heat exchangers. When heating solid food products in plants are often 
performed in ovens and stoves, such equipment and process are very high energy consuming 
and consequently GHG emissions are also high.  
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Energy consumption of these processes depends on many factors. Heat recovery is often used 
in heat exchangers where a large part of the energy is used to heat up the product and another 
part is due to heat losses. These losses depend on the technology used. Currently, energy 
consumption per kg of product is evaluated using a simple model: 

𝑊 =  𝐶𝑝 . Δ𝑇. (1 + 𝛼) 

where: 

Cp [J/kg/°C]: heat capacity of the product T: the difference between initial and final 
temperature 

 (): losses factor 

The losses factor value is pre-set depending on the product and the process, based on 
literature data. 

Nevertheless, this approach supposes there is no evaporation during the process, which is true 
for processes under pressure such as pasteurization, sterilization, but not for cooking 
processes. In the present version, we are ignoring evaporation and this will be improved in a 
next version when cooked products and ovens or cooking equipment will be added. 

Some processes used for food do not involve heating or cooling, but only mechanical action 
such as mixing processes or homogenization for example. Modelling these processes would 
add much complexity to the tool and would require a lot of input from the user. 

The approach in the tool consists of a pre-set mechanical work depending on the process and 
the product. The user can modify the value of energy per kg of product used and the source of 
energy if necessary. 

 

8. Mechanical process: Mechanical processes can be homogenisers, pumps or mixing or 

another mechanical process. An example of pop-up is given in Figure 15. 
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Figure 15: Mechanical process block pop up 

 

Once a chain is built, the user can start the simulation by clicking on the “Simulate” button. A 
simulation can contain several chains. To add a new chain, the user can click on the “+” button as 
shown in Figure 6. The user can also duplicate the current chain by clicking the “Duplicate” button. 
This will create another chain with the same blocks. This is used mainly to compare chains with only a 
few changes without having to build again the chain. 

 

2.3 Simulation 

When the user presses the “Simulate” button, the Matlab engine is started in the background. Data 
for simulations are transmitted to Matlab through a file in “.mat” format (Matlab format). The 
calculation by the Matlab core starts with the time-temperature profiles solving the heat conduction 
equation for every block, then computes the quality indicators and finally the energy use and CO2 
emissions (Figure 16).  
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Figure 16: Calculation procedure to simulate food supply chains 

During the calculation procedure, the progress is transmitted through a text file to the tool waiting for 
the calculation to be ended (Figure 17). The results are sent back to the tool through a “.mat” file and 
are read as soon as they are available. The results are then converted and saved to a “pickle” format 
file more easily handled by Python. 

 

Figure 17: calculation in progress 

In the current version of the Enough tool, the Matlab core is only used for time-temperature profiles 
and the quality indicators of Frisbee products. All other additional calculations are now computed in 
Python. 
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2.4 Post-processing 

Once the calculations of the simulation are finished, results are presented in plots and tables as shown 
in Figure 18. The user can select the output (indicator) that needs to be plotted. All the chains are 
presented in the plot but a single click on an item of the legend can toggle a chain as not visible. 

The left graph shows the time-product indicator profile. In this example the indicator is the log bacterial 
count for Listeria Monocytogenes. If there is a critical value for the indicator, it is shown in dash dots. 
The critical value for this pathogen bacteria is log 2. Moving the mouse cursor along the curve shows 
the corresponding food supply chain block at every time  

The purpose of the right graph is to show at a first glance what are the main blocks contributing to the 
change of the selected indicator (for example the most energy consuming blocks). 

The plots can be viewed in full screen, printed or saved as a picture (JPG, PNG, PDF, SVG). The data can 
be also displayed in a table and also exported to a CSV file or excel sheet. 

The table at the bottom shows the value of indicators at the end  

 

 

Figure 18: Plot of simulation outputs 

It must be noted that, even if the Matlab core has calculated a few indicators and energy use, only 
time-temperature profiles are read from the results file created during the calculation step. Every 
other indicator profile is recalculated on demand by the tool from the temperature profiles when the 
user selects this indicator to be plotted.   

Selection of the indicator to plot 

Main contributors to the indicator 

Multi criteria ranking 

To save plots 
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2.5 Adding products 

New products have been added for simulation (Table 1). At this step of the development, only the 
administrator can add products to the database. Adding a product consists of: 

• Defining a reference chain for the product and finding the thermal properties and quality 

indicators. The reference chain describes the current situation of the product supply chain 

Table 1 : products added in Enough tool 

Food product Product category T conservation Quality 
criteria 
(number of) 

Frozen shrimp Fish -18.0°C 5 

Frozen carrots Vegetables -18°C 15 

Frozen broccoli Vegetables -18°C 5 

Frozen green beans Vegetables -18°C 12 

Frozen green peas Vegetables -18°C 1 

Frozen pumpkin Vegetables -18°C 5 

Frozen ground beef Meat -18°C 2 

Frozen bovine liver Meat -18°C 2 

Pasteurized milk Milk products 4.0°C 0 

UHT milk Milk products 20.0°C 0 

Yoghurt Milk products 4°C 1 

Mackerel Fish 1°C 0 

 

• Adding to the products table specifying the base properties and quality indicators of the 

product (Figure 19): geometry, nutritional constituents including water content, basic 

thermal properties. 



4.1 Food supply assessment tool  
including renewable energy sources 

 

P a g e  2 4  |  3 6  

 

Figure 19: Product properties 

• Find specific quality indicators for the product and adding the parameters of the kinetics in 

an excel file (Figure 20) 

 

Figure 20: excel file used to define kinetic parameters of quality indicators 

 

• Add a table for interpolation of thermal conductivity, heat capacity and density as a function 

of temperature (Figure 21). These data are preferably from experimental measurements if 

existing or calculated with ASHRAE formulas if not. (ASHRAE Handbook Refrigeration Chapter 

9 - Thermal properties of food) 
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Figure 21:  excel workbook with table used for interpolation of thermal properties for frozen food 

• Adding the list of blocks and the properties for each block in an excel file based on the 

reference chain (Figure 7) 

The list of the products currently available for simulation with the tool is presented in Annex 2. 

3 CONCLUSION 

A web application to simulate food supply chains and evaluate GHG emissions has been built. It should 
be noted that the current version of the tool presented in this report is not the final version.  

Further development in the user interface will be for example to add the possibility for a user to add a 
product with a user interface to add quality indicators. Technologies demonstrated in the ENOUGH 
project will be also added.  

Suggestions for better integration between cold, heat and mechanical energy used throughout the 
chain and for technologies reducing emissions will be added in task 3 of WP4.  

This first version of the ENOUGH tool will be publicly presented at the 26th IIR International Congress 
of Refrigeration in 2023 and made available on the website in April 2023. 
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Appendices 

5 ANNEX 1:  TRANSPORT FRAMEWORK DATA 

Table 2: Fuel emission intensity (NF EN 16258) 
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Table 3 Emission factors: european values (GLEC framework) 

  

  

Tableau 4: road transport emission intensity factors 
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Rail transportation  

Region: Europe  

EU average (where traction energy type unknown*): 17 g CO2e/t-km (WTW)  
EU average (diesel traction): 28 g CO2e/t-km (WTW)  
EU average (electric traction): 10 g CO2e/t-km (at the average 2016 EU electricity generating mix**)  
 

Air transport  
Average value for airfreight GHG emission: 1060 g C02e/t-km  

Depending on the distance and the category of transport:  
 

Table 5: air transport emission intensity factors 
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Table 6: inland waterways emissions intensity factors 
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Table 7: sea transport emission factors 
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6 ANNEX 2: PRODUCTS AVAILABLE IN THE TOOL (MARCH 2023) 

 

Food product Product 
category 

T 
conservation 

Quality criteria 

Apple Fruit 1°C Firmness, colour, relative volatile, weight loss 

Cooked ham – MAP Meat 4°C Listeria moncytogenes, lactic acid bacteria, 
water activity 

Pasteurized paté – MAP Meat 4°C Listeria monocytogenes, Leuconostoc 
mesenteroides, Lactobacillus sakeii, Water 
activity 

Pork neck cutlet Meat -1.5°C Lactic acid bacteria, pressure drip loss, 
spoilage limitation, colour 

Salmon Fish 4°C Lactic acid bacteria, water holding capacity, 
colour Hue, colour saturation 

Regular vanilla ice 
cream 

Milk 
products 

-18°C Sensory perception, damping factor, firmness, 
thermal conductivity 

Premium vanilla ice 
cream 

Milk 
products 

-18°C Sensory perception, damping factor, firmness, 
thermal conductivity 

Spinach chopped cubes Vegetables -18°C Vitamin C, chlorophyll 

Frozen shrimp Fish -18.0°C Color, volatile basic nitrogen, 
trhimethylamuine nitrogen, flavor, global 
acceptance 

Frozen carrots Vegetables -18°C Ascorbic acid, frost, color, drip loss, firmness, 
vitamin C, salmonella, virus, listeria 
monocytogenes 

Frozen broccoli Vegetables -18°C Ascorbic acid, color, drip loss 

Frozen green beans Vegetables -18°C Ascorbic acid, chlorophyll, stress, color, 
firmness, break point, frost 

Frozen green peas Vegetables -18°C Ascorbic acid 

Frozen pumpkin Vegetables -18°C Ascorbic acid, color, firmness, break point 

Frozen ground beef Meat -18°C Rancidity, flavour 

Frozen bovine liver Meat -18°C Lactic acid bacteria, pressure drip loss, 
spoilage limitation, colour, carbonyl, 
thiobarbituric acid, peroxide value 

Pasteurized milk Milk 
products 

4.0°C - 

UHT milk Milk 
products 

20.0°C - 
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Yoghurt Milk 
products 

4°C Evident spoilage 

Mackerel Fish 1°C - 
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7 ANNEX 3: SOFTWARE STRUCTURE 
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