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1. Introduction  

1.1 Context  

The FAO estimates that approximately one third of the food produced in the world is lost or 

�[�E�W�X�I�H�����+�M�Z�I�R���X�L�E�X���X�L�I���[�S�V�P�H�…�W���T�S�T�Y�P�E�X�M�S�R���M�W���I�\�T�I�G�X�I�H���X�S���K�V�S�[�����S�R�I���I�J�J�I�G�X�M�Z�I���[�E�]���X�S���Q�I�I�X���X�L�I��

demand for more food is to reduce the significant food loss and waste1 occurring in many 

parts of the world.  

The IFC�…�W��activities are addressing the challenge of food loss in many parts of the developing 

world by making investments to improve storage, transportation, cold chains, and 

management of food .  

The IFC, supported by the Carbon Trust, developed the Food Loss calculator to enable their 

staff and potentially their clients to quickly and easily estimate the GHG emissions associated 

with investing in projects that help to reduce food losses. The tool calculates the cumul ative 

GHG emissions associated with preventing food loss and waste  at either the farm, 

transportation, storage , processing, retail or landfill decomposition stages of the value chain. 

The calculator was designed as a simple tool that IFC staff could easily use to quantify the 

GHG mitigation benefit derived from supply-chain investments across countries and food 

types.  

As of 2022, the tool covers 50 crops and animal protein products across 117 countries in the 

following regions : 

�x East Asia and the Pacific 

�x Europe and Central Asia 

�x Latin America and the Caribbean 

�x Middle East and North Africa 

�x South Asia 

�x Sub-Saharan Africa 

The tool enables the user to select an agricultural commodity on which to focus the analysis . 

By providing the 

By providing the 

ty whichL
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factors for 50 crops and edible livestock products for 117 countries , which are used as default 

data when no input is provided by the user.  

At the same time, it allows the user to use their own inputs to calculate the food loss rate 

before and after the project , use their own commodity emission factor or provide additional 

input for increased granularity of results.  

It is important to recogni se that there is limited quantitative data available regarding food loss 

rates or associated GHG emissions for different crops and countries. To provide an estimate 

when user data is not available, the tool utilises FAO food loss and GHG databases to calculate 

food loss and GHG data points for different crop and country combinations.  

This methodology outlines the assumptions used to estimate these food loss rates and GHG 

emissions values from 
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Section 3 Greenhouse Gas Emissions: Overview of 
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2. Food Losses 

The notion of  food losses utilised in this work is defined as follow s: 2  

�ˆ�*�S�S�H���P�S�W�W�I�W���E�V�I���E�P�P���X�L�I���G�V�S�T���E�R�H���P�M�Z�I�W�X�S�G�O���L�Y�Q�E�R-edible commodity quantities that, directly or 

indirectly, completely exit the post-harvest/slaughter production/supply chain by being 

discarded, incinerated or otherwise, and do not re-enter in any other utilization (such as animal 

feed, industrial use, etc.), up to, and including, the retail level. Losses that occur during storage, 

transportation and processing, also of imported quantities, are therefore all included. Losses 

include the commodity as a whole with its non-edible parts���‰ 

 

Figure 1. Boundaries of the food supply chain  

Source: SDG 12.3.1: Global Food Loss, p04 re 20tMbheg8ood supply chain



 
 

8 
 

 

Source: FAO, The State of Food and Agriculture (2019) 

The scope of this work includes: 

�x On-farm post -harvest/slaughter operations (including milking) ; 

�x Transport (pre- and post-processing); 

�x Storage (pre- and post-processing, in on-farm or off -farm dedicated facility) . 

�x Processing 

�x Retail 

Pre-harvest losses, occurring after the commodities are mature but are not harvested, have 

been excluded from this analysis as they are usually due to economic or environmental events 

that are outside the control of the individual farmer.   

Interpretation of the data included in the FAO Food Loss and Waste database is based on the 

Global Food Loss Index methodology.3 The methodology documentation provides some 

guidelines on how food loss data should be collected and can therefore be used to understand 

how loss rates within the FAO data set should be interpreted when constructing the baseline 

loss rate in the tool. While some of the information are relatively straightforward (e.g. , country 

and commodities), other require some level of interpretation.  

The table below is taken from the FAO methodology4 and represents the sources of 

information used to define food loss rates at different stages of the value chain.  

 

 
3 SDG 12.3.1: Global Food Loss - 
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Table 1: Recommended measurement tools by stage of the value chain  

Stage Tool Notes 

Production 

(post-harvest 

losses) 

�x Sample survey (smallholder farms) 

�x Complete enumeration (large commercial 

farms)  

May cover on-farm storage and on-

farm transportation  

Storage 
�x Sample survey (smallholder farms) 

�x Inventory data (large storage facilities)  

Can include controlled experiments 

for various length and storage 

conditions  

Transport 
�x Sample survey of trucks (or other transport 

modes) at destination  

Measurements of a product sample 

at destination  

Processing 

�x Agreement with the private sector or through 

the producer associations.  

�x Compan�]�…�W accounting records. 

�x Complete enumeration or experimental 

design. 

�x Additional  data can come from  existing 

National Industry Processing questionnaires 

to ascertain 
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3) Estimating food losses that would occur while achieving post-project gross 

productions levels with the pre-project 
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Net production 135 135 

Loss rate 20% 10% 

Food losses 33.75 15 

 

The avoided food losses for each approach are reported in the following table: 

 Avoided food losses  

Approach (0): Actual 5 

Approach (1): Pre-project gross production at post-project conditions  10 

Approach (2): Pre-project net production at post-project conditions  11.11 

Approach (3): Post-project gross production at pre-project conditions  15 

Approach (4): Post-project net production at pre-project conditions  18.75 

 

Approach (1) and (2), based on the food losses avoided while achieving the same production 
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that matches demand in a given market. This means that any additional net production 

delivered above the (optimal) level achieved by the project would decrease overall efficiency, 

because the market might not have enough demand to absorb the additional supply. Since 

approach (3) measures losses resulting from equal levels of gross production , a decrease in 

the food loss rate causes an increase in net production  and results in sub-optimal net 

production levels. 

On the contrary, approach (4) holds for all of our assumptions . It assumes that the net 

production level achieved by the project and by the baseline are consistent
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characteristics , but the tool can provide a baseline level based on national or regional 

averages where this is not possible (see section 2.2); 

�x The production level (in kg or tonnes) observed or expected after the project is 

implemented, either gross (�)�2�ã�å�â�Ý�Ø�Ö�ç) or net (�0�2�ã�å�â�Ý�Ø�Ö�ç) of food losses. This value must 

be provided by the user. 

Baseline gross production (�) �2�Õ�Ô�æ�Ø�ß�Ü�á�Ø) is defined as the production level that would have been 

necessary to provide the same amount of net production delivered by the project had the food 

loss rate not been improved: 

�) �2�Õ�Ô�æ�Ø�ß�Ü�á�ØL
�0�2�ã�å�â�Ý�Ø�Ö�ç

�sF�.�4�Õ�Ô�æ�Ø�ß�Ü�á�Ø
 

Food losses in the baseline scenario (�.�Õ�Ô�æ�Ø�ß�Ü�á�Ø) are then calculated as the product of the 

baseline gross production level (�) �2�Õ�Ô�æ�Ø�ß�Ü�á�Ø) and the food loss rate observed before the project 

is implemented ( �.�4�Õ�Ô�æ�Ø�ß�Ü�á�Ø): 

�.�Õ�Ô�æ�Ø�ß�Ü�á�ØL �)�2�Õ�Ô�æ�Ø�ß�Ü�á�ØH�.�4�Õ�Ô�æ�Ø�ß�Ü�á�ØL
�0�2�ã�å�â�Ý�Ø�Ö�ç

�sF�.�4�Õ�Ô�æ�Ø�ß�Ü�á�Ø
H�.�4�Õ�Ô�æ�Ø�ß�Ü�á�Ø 

By definition, the net production is the same in both the baseline and project scenarios, so that 

we have the following equivalence: 

�) �2�Õ�Ô�æ�Ø�ß�Ü�á�ØF �.�Õ�Ô�æ�Ø�ß�Ü�á�Ø� �0�2�Õ�Ô�æ�Ø�ß�Ü�á�Ø� �0�2�ã�å�â�Ý�Ø�Ö�ç� ���)�2�ã�å�â�Ý�Ø�Ö�çF �.�ã�å�â�Ý�Ø�Ö�ç 

where �.�ã�å�â�Ý�Ø�Ö�ç is the amount of food losses observed or expected after the project  is 

implemented: 

�.�ã�å�â�Ý�Ø�Ö�çL �) �2�ã�å�â�Ý�Ø�Ö�çH�.�4�ã�å�â�Ý�Ø�Ö�ç 

Finally, food losses avoided by the project are calculated as the difference between baseline 

and project food losses : 

�#�R�K�E�@�A�@���H�K�O�O�A�OL �.�Õ�Ô�æ�Ø�ß�Ü�á�ØF �.�ã�å�â�Ý�Ø�Ö�ç 

The methodology is illustrated  in  

Figure 2: Avoided food losses.  
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Figure 2: Avoided food losses  
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animals on-farm are not considered as these are modelled in the emission factors as 

http://www.fao.org/3/CA2640EN/ca2640en.pdf
http://www.fao.org/3/CA2640EN/ca2640en.pdf
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The list of commodities included in the FAO database is extensive and not consistent with 

the commodity nomenclature  used within the scope of Food Loss Tool. We therefore needed 

�X�S���Q�E�T���X�L�I���*�%�3�…�W���H�E�X�E���E�R�H���R�E�Q�I���G�S�R�Z�I�R�X�M�S�R�W���X�S���X�L�I��tool  in order to adopt a consistent 

nomenclature. In some cases, the FAO commodity was too detailed for the purposes of this 

tool (for e.g., specifying a particular variety of the commodity), while in other cases, 

differences are simply due to different wording ( e.g., commodities reported in the singular 

form rather than plural, or vice versa). The classification for FAO commodities  that were 

included in the scope of this project is reported in (annex Error! Reference source not 

found. ). 

Once all items in the FAO database were matched with the nomenclature indicated for this 

project, each commodity was associated to a commodity group. The Tool�…�W commodity 

group was indicated for each commodity in the scope of this project, while the classification 

for the FAO commodity group was performed by the Carbon Trust. The latter classification is 

required to match the Tool�…�W commodity with the commodity group used by FAO for their 

food loss estimates by region (see step 5 of the methodology in section 0). The 

classification is reported in annex Error! Reference source not found. . 

Regional classifications also differ among different sources. For example, in some cases, 

the �V�I�K�M�S�R�…�W��name from the FAO Food Loss database cannot be matched with the World 

�&�E�R�O���+�V�S�Y�T�…�W���G�S�Y�R�Xry classification. To solve this issue, the region name reconciled using 

the UN sub-region via the M49 country code. This classification is reported in annex Error! 

Reference source not found. . 

2.2.1.2 Calculation of default food loss rates  
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For step 1 to 4, the tool will return the arithmetic average of all available observations within 

the period of interest. Stage 5 ensures that the tool can always provide an estimate, if no data 

is available in the dataset. The food loss rates for stage 5 are reported in the Annex. 

 

 

For the transport and storage stages, the food loss rate calculated with the methodology 

described above is split between the pre- and post-processing stages to avoid potential 

double counting. The split is calculated by weighting the distance travelled by the commodity 

(for transport) and the number of days in storage (for storage).  As an example, if the average 

food loss rate for maize at the transport stage is 10%, and the commodity is transported for 

400 km at the pre-processing stage and 600 km at the post -processing stage, then the 

associated food loss rates are equal to 4% and 6%, respectively.  

  

 

 

 

  

Example: Default loss rates  

�t�Z���v���š�Z�����µ�•���Œ���]�v�‰�µ�š�•�����Œ�����^���v�P�}�o���_�U���^�D���]�Ì���_�U���^�d�Œ���v�•�‰�}�Œ�š�_�U���š�Z�����š�}�o�o���µ�•���•���š�Z�����o�}�Á���•�š���À���o�µ���•�����u�}�v�P��
the following data points: 

1) Average of maize loss rates during transport in Angola; 
2) Average of maize loss rates during transport in Sub-Saharan Africa; 
3) Average of pulses & grain loss rates during transport in Angola; 
4) Average of pulses & grain loss rates during transport in Sub-Saharan Africa; 
5) FAO estimate for cereal loss rate during transport in Sub-Saharan Africa. 
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3. Greenhouse Gas Emissions 

This section covers the methodology used for calculating emission factor s for all commodity  

and all target countr ies.9  

�x Emissions were measured in tonnes of carbon dioxide equivalent gases (tCO2e), 

tonnes of carbon dioxide equivalent gases from methane (tCO2e from CH4) and 

tonnes of carbon dioxide equivalent gases from nitrous oxide (tCO2e from N2O)10 

�x Emission factors were measured in tonnes of carbon dioxide equivalent gases 

produced per tonne of commodity (tCO2e/t).  

�x Global Warming Potential (GWP) values are from IPCC AR4 inventory guidance.11 

3.1 Production  

3.1.1 Crops 

The primary data source used for the production stage is the FAOSTAT database, which 

collects data supplied by governments through national publications and FAO 

questionnaires.12 Unless specified, all data points are computed at Tier 1 following the IPCC 

Guidelines for National GHG Inventories.13 Yield and emissions are calculated using a three-

year average to smooth out year-on-year changes.  

Agriculture production emissions from crops are aggregated using the following categories  

(all definitions are from the FAO methodology abstract):  14, 15 

�x Burning crop residues:  Greenhouse Gas (GHG) emissions from burning of crop 

residues consist of methane and nitrous oxide gases produced by the combustion of 

crop residues burnt on-site16. 

 
9 Alternative approaches for calculating emission factors that were considered at the design stage can be found 
in the Annex. 
10 For commodities for which there were no tonnes of carbon dioxide gas (tCO2) of greenhouse gases are 
primarily produced by nitrous oxide and methane. 
11 IPCC - �8�E�W�O���*�S�V�G�I���S�R���2�E�X�M�S�R�E�P���+�V�I�I�R�L�S�Y�W�I���+�E�W���-�R�Z�I�R�X�S�V�M�I�W�‰���������� 
12 FAOSTAT database 
13 FAOSTAT emissions are estimated by FAO and may not coincide with GHG data reported by member countries 
to UNFCCC. 
14 Data on the Cultivation of Organic Soils has been discontinued in the latest version of the FAOSTAT database 
and has therefore been removed from the tool. 
15 FAO Methodology Abstract 
16 Note that CO2 emissions from crop residue disposal are not included as the CO2 released during burning or 
decomposition is a reversal of the CO2 recently absorbed during crop growth. 

https://www.fao.org/faostat/en/#data
https://fenixservices.fao.org/faostat/static/documents/GA/GA_e_2019_final.pdf
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�x Crop Residues: Greenhouse Gas (GHG) emissions from crop residues consist of 

nitrous oxide gas from decomposition of nitrogen in crop residues left on managed 

soils. 

�x Manure applied to Soils : Greenhouse gas (GHG) emissions from manure applied to 

soils consist of nitrous oxide gas from nitrogen additions to managed soils from 

treated manure.  

�x Rice cultivation : Greenhouse gas (GHG) emissions from rice cultivation consist of 

methane gas from the anaerobic decomposition of organic matter in p addy fields. 

Computed at Tier 1 following the Revised 1996 IPCC Guidelines for National GHG 

Inventories (IPCC,1997); the IPCC 2000 Good Practice Guidance and Uncertainty 

Management in National GHG Inventories (IPCC, 2000), and the IPCC Background 

Papers (IPCC, 2002). 

�x Synthetic Fertilizers : Greenhouse gas (GHG) emissions from synthetic fertilizers 

consist of nitrous oxide gas from synthetic nitrogen additions to managed soils.  
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emission factor �‰ (see section Error! Reference source not found. ), 61 were from 

�'�P�Y�R�I�…�W��research, 6 from Poore, and the rest from the sources below. 

�x Emission factor s for cotton were sourced from WWF data.21 As India produces more 

https://coolfarmtool.org/wp-content/uploads/2017/09/WWF_Cotton_Carbon_Emission.pdf
https://coolfarmtool.org/wp-content/uploads/2017/09/WWF_Cotton_Carbon_Emission.pdf
https://www.barry-callebaut.com/sites/default/files/2019-01/barry-callebaut-chocolate-sustainability-report-2014-15.pdf
https://www.aidic.it/cet/17/61/066.pdf
https://quantis-intl.com/wp-content/uploads/2017/02/wfldb_methodologicalguidelines_v3.0.pdf
https://quantis-intl.com/wp-content/uploads/2017/02/wfldb_methodologicalguidelines_v3.0.pdf
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�G�S�R�X�V�M�F�Y�X�I���W�T�I�G�M�J�M�G�E�P�P�]���X�S���V�M�G�I���T�V�S�H�Y�G�X�M�S�R���I�Q�M�W�W�M�S�R�W�����M�X���[�E�W���H�I�G�M�H�I�H���X�S���S�R�P�]���M�R�G�P�Y�H�I���X�L�I���ˆ�6�M�G�I��

�'�Y�P�X�M�Z�E�X�M�S�R�‰���I�Q�M�W�W�M�S�R�W���G�E�X�I�K�S�V�]�����8�L�Y�W�����M�R���W�S�Q�I���G�E�W�I�W���V�M�G�I���I�Q�M�W�W�M�S�R���G�E�P�G�Y�P�E�X�I�H���[�M�X�L���X�L�M�W���X�S�S�P��

might be underestimated.  

�)�E�G�L�� �G�S�Y�R�X�V�]�…�W��emission f �E�G�X�S�V�� �J�S�V�� �V�M�G�I�� �[�E�W�� �G�E�P�G�Y�P�E�X�I�H�� �F�]�� �H�M�Z�M�H�M�R�K�� �I�E�G�L�� �G�S�Y�R�X�V�]�…�W�� �V�M�G�I��

cultivation emissions by the rice production : 

�4�E�?�A���?�Q�H�P�E�R�=�P�E�K�J���A�I�E�O�O�E�K�J�O���:�P�%�1�6�A�;
�4�E�?�A���L�N�K�@�Q�?�P�E�K�J���:�P�;

L �4�E�?�A���A�I�E�O�O�E�K�J�O���B�=�?�P�K�N���:�P�%�1�6�A�; 

For countries that do not have rice production and cultivation emissions  data �• either because 

rice is not cultivated  or because data is missing �• a regional average is 
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�%�N�K�L���=�C�N�E�?�Q�H�P�Q�N�=�H���A�I�E�O�O�E�K�J�O���:�P�%�1�6�A�;
�6�K�P�=�H���?�N�K�L��W
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same reason why the countries were capped to a maximum value (see Error! Reference 

source not found. - �ˆ�3�Y�X�P�M�I�V�W���• �V�I�W�X���S�J���X�L�I���G�S�Y�R�X�V�M�I�W�‰����� 

�&�E�W�I�H���S�R���I�E�G�L���G�S�Y�R�X�V�]�…�W���I�Q�M�W�W�M�S�R���T�V�S�J�M�P�I���E���T�I�V�G�I�R�X�E�K�I���[�E�W���G�E�P�G�Y�P�E�X�I�H���E�F�S�Y�X���X�L�I���V�Etio of 

CO2e emissions from CH4 and N2O. Therefore, all of the crops for the same country share the 

same percentage when calculating CO2e emissions. For example, if Apples from Argentina 

have an emission factor of 0.135 tCO2e/t and based on �%�V�K�I�R�X�M�R�E�…�W���I�Q�M�W�W�M�S�R�W�������	���S�J���'�32e 

comes from N 2O and 2% comes from CH4. Then it would be 0.132 tCO2e/t from N 2O and 

0.003 tCO2e/t from CH 4. 

In some cases, countries have �E�R�� �ˆ�%�Z�I�V�E�K�I�� �I�Q�M�W�W�M�S�R�� �J�E�G�X�S�V�� �T�I�V�� �G�V�S�T�‰�� �H�S�Y�F�P�I�� �S�V�� �I�Z�I�R�� �X�V�M�T�P�I��

than the rest of the count ries. The upper bound of the acceptable range is set using 

�'�P�Y�R�I���4�S�S�V�I�…�W���[�I�M�K�L�X�I�H���E�Z�I�V�E�K�I���Q�E�\�M�Q�Y�Q���Z�E�P�Y�I, calculated as the highest possible �ˆ�%�Z�I�V�E�K�I��

�I�Q�M�W�W�M�S�R�� �J�E�G�X�S�V�� �T�I�V�� �G�V�S�T�‰ that could be calculated by using the highest global LCA value 

included in the Clune/Poore papers. If the country is still higher than that, then it means that 

there must be an error in the reporting, either under-reporting the crop production or 

overreporting the country emissions. For the sake of having a conservative estimate using this 

�X�S�S�P�����M�X���[�E�W���R�I�G�I�W�W�E�V�]���X�S���W�G�E�P�I���H�S�[�R���X�L�I���ˆ�%�Z�I�V�E�K�I���I�Q�M�W�W�M�S�R���J�E�G�X�S�V���T�I�V���G�V�S�T�‰���M�R���X�L�I�W�I���G�S�Y�R�X�V�M�I�W����

This upward capping came in effect in only 3 countries �• Botswana, Mongolia, and Trinidad 

and Tobago. 

Additionally, all countries that were below �'�P�Y�R�I���4�S�S�V�I�…�W���Q�M�R�M�Q�Y�Q���S�J���Q�M�R�M�Q�Y�Q���Z�E�P�Y�I�W���[�I�V�I��

also capped. This cut-�S�J�J�� �T�S�M�R�X�� �[�E�W�� �G�L�S�W�I�R�� �F�I�G�E�Y�W�I�� �X�L�M�W�� �[�S�Y�P�H�� �F�I�� �X�L�I�� �ˆ�%�Z�I�V�E�K�I�� �I�Q�M�W�W�M�S�R��

�J�E�G�X�S�V���T�I�V���G�V�S�T�‰�����M�J���X�L�E�X���G�S�Y�R�X�V�]���S�R�P�]���L�E�H���G�V�S�T���T�V�S�H�Y�G�X�M�S�R���S�J���X�L�I���G�V�S�T�W���[�M�X�L���X�L�I���P�S�[�I�W�X���I�Q�M�W�W�M�S�R��

factor and also had calcula ted its emissions based only on the most conservative global LCAs 

from Clune/Poore papers. If the country is still lower than that, then it means that there must 

be an error in the reporting, either under-reporting the emissions or overreporting the country 

production. For the sake of having an accurate estimate using this tool, it was necessa ry to 

�W�G�E�P�I���Y�T���X�L�I���ˆ�%�Z�I�V�E�K�I���I�Q�M�W�W�M�S�R���J�E�G�X�S�V���T�I�V���G�V�S�T�‰���M�R���X�L�I�W�I���G�S�Y�R�X�V�M�I�W�����8�L�M�W���H�S�[�R�[�E�V�H���G�E�T�T�M�R�K��

came in effe5B00t.45 6873-5<00520004>-58<004A004500470058>13<0053>-5<00560004>-43<0054>-3<004900560004>-57<00470056>13<o900560049
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3.1.1.4 Fertilizer Manufacturing  

Regional cradle-to-gate estimates for GHG emission per tonne fertiliser manufactured comes 

from Brentrup (2018) and is adjusted for emissions per kg N (see sections 3.1.1.5 to 3.1.1.7 

for calculating the amount of N) . Since actual emissions from nitrogen  manufacture  are not 

available, the tool uses the average across different ammonium nitrate and urea fertilisers as 

the (Error! Reference source not found. ). Fertiliser manufacturing is included alongside field 

emissions to provide a more complete picture of significant emissions that will be avoide d by 

preventing food loss. Note that the boundary for considering emissions from producing food 

is different from that used to determine which food losses to measure.  

Brentrup et al (Brentrup 2018) used industry data and expert opinion (the authors are 

predominantly industry experts from Yara, a large fertiliser manufacturer) to generate cradle -

to-gate emission factors for a range of 18 common fertilisers in all relevant IFC global regions. 

They used the online carbon calculator tool provided by Fertilizers Europe for the calculations 

���ˆ�'�E�V�F�S�R�� �*�S�S�X�T�V�M�R�X�M�R�K�� �M�R�� �*�I�V�X�M�P�M�^�I�V�� �4�V�S�H�Y�G�X�M�S�R�‰�� �������������We believe this is a good approach 

because this tool has been verified by DNV and manufacturing company-specific footprint 

results have been certified by the Carbon Trust for use as emission factors in the Cool Farm 

�8�S�S�P�����ˆ�'�S�S�P���*�E�V�Q���8�S�S�P���`���%�R���3�R�P�M�R�I���+�V�I�I�R�L�S�Y�W�I���+�E�W�����;�E�X�I�V�����E�R�H���&�M�S�H�M�Z�I�V�W�M�X�]���'�E�P�G�Y�P�E�X�S�V�‰������������� 

Fertilizer manufacturing emissions vary according to the combination of NPK ratio, 

technology and local energy mix. In particular, different regions vary by the level of N2O 

�„�W�G�V�Y�F�F�M�R�K�…���X�I�G�L�R�S�P�S�K�]���M�R�W�X�E�P�P�I�H�����8�L�M�W���X�I�G�L�R�S�P�S�K�]���Q�M�X�M�K�E�X�I�W�����S�V���„�E�F�E�X�I�W�…����I�Q�M�W�W�M�S�R�W���S�J���X�L�M�W���L�M�K�L��

GWP gas and can halve manufacturing emissions - see for example the difference between 

Western Europe (which includes fertilizer manufactured 100% in the EU-ETS) with East Asia 

and Pacific (which has relatively little abatement technology installed and high energy 

emissions). Without project -specific data on fertiliser sourcing (which may be difficult to 
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obtain) there are some uncertainties, but these are out-weighed by the important contribution 

of manufacturing to overall emissions.  

3.1.1.5 
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3.1.2 Animal proteins  

�(�E�X�E�� �[�E�W�� �E�H�E�T�X�I�H�� �J�V�S�Q�� �X�L�I�� �*�%�3�…�W�� �V�I�T�S�V�X�� �S�R�� �V�I�K�M�S�R�E�P�� �P�M�Z�I�W�X�S�G�O�� �I�Q�M�W�W�M�S�R�W (GLEAM).29 The 

methodology applies the IPCC tier 2 approach for inventories30 and GLEAM production data 

from 2010. LUC (deforestation) from expanded grazing and from feed production were 

excluded. Emissions from grassland/savannah burning are not included in the GLEAM model 

for Sub-Saharan Africa, which is inconsistent with FAOSTAT. The tool follows the GLEAM�…�W��

methodology in order to be conservative (i.e., use the lower emissions estimate  available to 

avoid overestimating emissions avoided ). 

The FAO data is reported by kg protein, which needs to be converted into kg meat, milk or egg. 

For cattle, pig, and poultry, these values were converted from kg carcass protein  to per kg 

carcass and per kg live-weight using the values in table 9.1 in the v2.0 Documentation and 

�X�E�F�P�I�����������M�R���7�Y�T�T�P�I�Q�I�R�X���7�������ˆ�6�I�W�S�Y�V�G�I�W | Global Livestock Environmental Assessment Model 

(GLEAM) | �*�S�S�H���E�R�H���%�K�V�M�G�Y�P�X�Y�V�I���3�V�K�E�R�M�^�E�X�M�S�R���S�J���X�L�I���9�R�M�X�I�H���2�E�X�M�S�R�W�‰�����������. 

Four emission factors were calculated per region, reflecting predominantly grazed or mixed 

feeding either with or without feedlot finishing. To include feedlots in the emission factor , the 

following equation is used:  

�)�N�=�V�E�J�C���A�I�E�O�O�E�K�J�O���:�P�%�1�6�A�; E�(�A�A�@�H�K�P���A�I�E�O�O�E�K�J�O���:�P�%�1�6�A�;
�)�N�=�V�E�J�C���L�N�K�@�Q�?�P�E�K�J���:�P�; E�(�A�A�@�H�K�P���L�N�K�@�Q�?�P�E�K�J���:�P�;

L �'�I�E�O�O�E�K�J���B�=�?�P�K�N���:�P�%�1�6�A���P�K�J�J�A�; 

For milk protein conversion, a value of 3.3% protein content  was applied (Gerber 2010). 

For egg protein conversion, we applied the value of 12.4% protein content  in section 9.1.3 of 

the GLEAM v2.0 Documentation. 

 

  

 
29 Global Livestock Environmental Assessment Model (GLEAM). The GLEAM is a GIS framework that 
simulates the bio -physical processes and activities along livestock supply chains under a life cycle 
assessment approach. The aim of GLEAM is to quantify production and use of natural resources in 
the livestock sector and to identify environmental impacts of livestock in order to c ontribute to the 
assessment of adaptation and mitigation scenarios to move towards a more sustainable livestock 
sector. GLEAM differentiates key stages along livestock supply chains such as feed production, 
processing and transport; herd dynamics, animal feeding and manure management; and animal 
products processing and transport. The model captures the specific impacts of each stage, offering a 
comprehensive and disaggregated picture of livestock production and its use of natural resources. 
http://www.fao.org/gleam/results/en/  
30 See IPCC - Task Force on National Greenhouse Gas Inventories (2006). 

http://www.fao.org/gleam/results/en/
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3.1.2.1 Methane and nitrous oxide  

The FAO publications by MacLeod et al (2013) (figure 5) and by Opio et al (2013) (figures 6 

and 28) provide a percentage breakdown of average livestock emissions. These percentages 

were applied to the regional footprints for each Animal Protein emission factor to determine 

the typical CH4 and N2O contributions. 

3.1.2.2 Farming systems  

The following table summarises the different farming systems for which emission factors 

were calculated. Full details are available in the GLEAM v2.0 Documentation (section 1.5.2). 

 

Table 2. Livestock farming systems  

Cattle 

System Definition 

Grassland 
Pastures and rangelands, less than 10 livestock 

units per hectare. 

Mixed 
Areas dominated by cropland, >10% feed is 

crop/by -products 

Combination with feedlot  As above but with finishing on specialised units  

Pigs 

  

Backyard system Mainly subsistence driven or for local markets  

Intermediate system 
Market-oriented; medium capital input 

requirements; local feed at least 30% 

Industrial system 
Market-oriented; high capital requirements; 

purchased/intensive feed production  

Poultry 

  

Backyard system 
Animals producing meat and eggs for the owner 

and local market, living freely 

Layers 
Fully market-oriented; high capital input 

requirements; purchased/intensive feed  

Broilers 
Fully market-oriented; high capital input 

requirements; purchased/intensive feed  
  





 
 

34 
 

https://www.gov.uk/government/publications/greenhouse-gas-reporting-conversion-factors-2021


 

https://fress1.adp.com/eforms/PdfDisplay.aspx?emplcode=585&payruncode=202207260001&payrunentrycode=20220004&eepayrollcode=001&eeseparatecheck=0&f=EPayslip&j=UK&y=2007&q=1&m=1&action=GenerateFirst&ed=20070101&title=ADP%20Freedom&SessionToken=%7BDC11C546%2D89F5%2D4324%2DAC86%2DE912A7F8E9CF%7Dhttps://lpi.worldbank.org/
http://reports.weforum.org/global-competitiveness-index-2017-2018/competitiveness-rankings/#series=EOSQ057
https://www.sciencedirect.com/science/article/pii/S1877705815034281
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Table 3: Emission factor adjustment for road conditions 

Road conditions CO2e g/h/km Adjustment 
Very poor 21,393.7 2.8% 
Poor 20,999.8 0.9% 
Fair 20,941.9 0.6% 
Good 20,871.1 0.3% 
Very good 20,829.5 0.1% 
Excellent 20,818.6 0.0% 

3.2.2 Storage (pre- and post-processing)  

The default emissions factor for storage is based upon energy and refrigeration data from the 

Global Logistics Emissions Council (GLEC) Framework version 2. Table 37 and explanatory 

text in the GLEC Framework for Logistics Emissions Accounting and Reporting includes 

survey data from 49 storage sites in Europe and records median ambient (34 sites) and 

temperature-
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Users have the option to change this. If the storage of a commodity that is by default ambient 

but is actually temperature controlled (e.g. to prevent spoilage or for drying), storage 

emissions (per tonne) are based upon the GLEC temperature controlled emission factor.  

The user can alternatively define energy consumption values per tonne. For electricity 

consumption (kWh/tonne/day) the time is multiplied by the grid emission factor for the 

country in question (kg CO2e/kWh) and similarly for natural gas (although the emission factor 

does not vary by country). Default kWh values are provided as a guide only, based upon an 

assumption that 50% of the GLEC per tonne emissions are generated by electricity and 50% 

by natural gas. To estimate kWh electricity or gas the following calculation is used: (tonne 

CO2e / 2) / emission factor per kWh = amount of kWh. 

Note �• default chilling energy for eggs only includes electricity (no fuels).  

3.2.3 Processing 

Energy data is taken from the broad literature review conducted by Ladha-Sabur et al (2019), 

which provides energy consumption during processing of a wide variety of foods in various 

countries. The tool derives average electricity and natural gas usage per commodity group 

from this data set. Emissions per country and commodity ar e calculated based upon the 

country-specific grid and natural gas emission factors.  

The approach therefore represents emissions per commodity across a broad approximation 

of the variety of different processing technologies and products within different cou ntries. 

Users may refine the results by entering a processor-specific emission factor or processor -

specific electricity and natural gas consumption data.  

There are two implications of the processing stage; processing energy and commodity 

transformation. Th e latter implies that the outgoing processed product is different from what 

came in �• for example tinned fruit, flour from wheat or carcass meat from live animals. The 

difference is associated with losses for most commodities and this is modelled by the to ol. 

The review paper by Ladha-Sabur et al (2019) includes electricity and natural gas consumption 

data (in MJ) for a wide range of food processing scenarios (at least 100). The foods involv82.55 Tm
.55 Tm
.4ET
Qsl (
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Processing of meat and flour generates significant co -products, implying that more than 1 

tonne of live animals or wheat are required to make 1 tonne of carcass or flour. The carcass 

and flour production emission factors take this into account, by applying a conversion factor 

https://www.grimsby.ac.uk/documents/defra/retl-retailrefrigeration.pdf
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Vegetables 
  

100%

https://unfccc.int/sites/default/files/resource/IFITWG_Methodological_approach_to_common_dataset.pdf
https://unfccc.int/sites/default/files/resource/IFITWG_Methodological_approach_to_common_dataset.pdf
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3.3

https://datacatalog.worldbank.org/search/dataset/0039597
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Users can specify the percentage of food losses going to landfill along the supply chain. In 

addition, the can user can either provide: a specific emission factor per tonne of food losses 

going to landfill; or additional information on the landfill type and climate zone.  

Alternative routes for food not eaten are either considered as alternative use (rather than a 

loss), such as anaerobic digestion or composting, or difficult to model and so may be 

represented as landfill by tool users (e.g. crop harvested but left to decompose at field edges).  
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ANNEX 
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Tool Decision Process 

 

 

 

 

Figure 8. Tool decision process - Food losses 
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Figure 15. 
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Alternative approaches considered 
 
In this section some of assumptions used for calculating greenhouse gases from crops will 

be discussed. Here also previous methodologies  that were considered will be discussed and 

why they were not selected in the end.  

�x I



 
 

49 
 

�x All of �X�L�I���E�F�S�Z�I���Q�I�X�L�S�H�S�P�S�K�M�I�W�…���V�I�W�Y�P�X�W���[�I�V�I���G�S�Q�T�E�V�I�H���X�S���I�E�G�L���S�X�L�I�V���E�R�H���X�S���X�L�I���V�I�W�Y�P�X�W��

�S�J���X�L�I���T�V�I�Z�M�S�Y�W���ˆ�-�*�'���'�V�S�T���+�,�+���'�E�P�G�Y�P�E�X�S�V�‰.41  

�x E�E�G�L���G�S�Y�R�X�V�]�…�W���I�Q�M�W�W�M�S�R�W���[�I�V�I���G�E�P�G�Y�P�E�X�I�H���F�S�X�X�S�Q���Y�T���F�]���E�H�H�M�R�K���E�P�P���X�L�I���I�Q�M�W�W�M�S�R�W���J�V�S�Q��

all crops. Emissions for each target crop were calculated by multiplying 



 
 

50 
 

DISCLAIMER:   

This document and the intellectual property, concepts and content contained within it shall n ot be used for any 

purpose other than that for which it was provided by the Carbon Trust and shall not be reproduced in whole or in 

part.  

Whilst reasonable steps have been taken to ensure that the information contained within this report is correct, the 

authors, the Carbon Trust, its agents, contractors and sub-contractors give no warranty and make no 

representation as to its accuracy and accept no liability for any errors or omissions.  

The Carbon Trust is a company limited by guarantee and registered in England and Wales under company number 

4190230 with its registered office at 4 th Floor Dorset House, Stamford Street, London, SE1 9NT. 

© The Carbon Trust 2022. All rights reserved. 

 


