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DELIVERABLE SHORT SUMMARY FOR USE IN 

MEDIA  

Agriculture is significantly contributing to several of the main environmental 

threats including climate change, deterioration of the quality of air, water and 

soil with severe consequences for human health and biodiversity. Yet, a large 

share of the edible part of food that is produced is not finally eaten by people. 

Still, most of the food losses and wastages – both avoidable and unavoidable – 

are not brought back into production, using the nutrient and/or the energy it 

contains. Biomass that is ‘thrown away’ without being used not only increases 

the pressure that our agri-food system exerts on the environment, it might add 

further emissions and environmental consequences. Food, however, is not the 

only outcome of the agri-food systems; a large number of co-products are used 

in other sectors bringing benefit to society, but also contributing its share of 

environmental impact that is associated with agricultural production. 

The analysis of post-farmgate biomass streams is therefore crucial for accurately 

quantifying the environmental impact that is associated with the food that we 

eat. It is also the pre-requisite for identifying opportunities to move into the 

direction of an agri-food system with low emissions and with closed nutrient 

circles. 

In SUSFANS, we identified a few areas where a full chain life-cycle assessment 

was not yet possible with the tools available:  

 Slaughterhouses produce meat and a multitude of by-products used in 

industry and for pet food 

 Cereals are the largest commodity produced, and cereal processing has a 

large impact on the nutritional quality of the food products they are used 

for 

 Waste management systems are the ‘reactors’ upgrading waste to biomass 

products that can be re-used productively 

 Consumers make the final decisions how much of the food they buy they 

are going to eat and what the destination is of the un-eaten part. 

In this report we perform a literature review for each of these ‚pools‘ and 

compile data that can be used in ‚modules‘ that will be implemented for the 

SUSFANS toolbox. The assessment is based on – and further develops – the 

framework developed by the UN-ECE for the quantification of national nitrogen 
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budgets (UNECE, 2013) and its detailled annexes (e.g. Leip et al., 2016; Pierer et 

al., 2016; Winiwarter and Leip, 2016).  

The data compiled will be the backbone of forthcoming work for developing a 

post-farmgate module for that will allow assessment of full food supply chains 

(cradle-to-fork) and the circularity of agri-food systems. 
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TEASER FOR SOCIAL MEDIA 

The agri-food system is a complex system inter-connecting agriculture, industry, 

food distribution and consumption, and waste management systems. Only 

understanding the flows of biomass and nutrients between those ‘pools’ 

accurate assessments on the impact of personal food choices can be made. This 

report reviews literature and collects data to enable such assessment. 

 

SUSFANS report describes food biomass and nutrient flows from the farm-gate 

over slaughterhouses and cereal processors to the consumer … and back via 

waste systems. 

 

Reduce environmental impact of the food you eat with less #foodwaste and 

keeping #nutrients in the food - #SUSFANS presents data. 
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ABSTRACT 

Agriculture is significantly contributing to several of the main environmental 

threats including climate change, deterioration of the quality of air, water and 

soil with severe consequences for human health and biodiversity. Yet, a large 

share of the edible part of food that is produced is not finally eaten by people. 

Still, most of the food losses and wastages – both avoidable and unavoidable – 

are not brought back into production, using the nutrient and/or the energy it 

contains. Biomass that is ‘thrown away’ without being used not only increases 

the pressure that our agri-food system exerts on the environment, it might add 

further emissions and environmental consequences. Food, however, is not the 

only outcome of the agri-food systems; a large number of co-products are used 

in other sectors bringing benefit to society, but also contributing its share of 

environmental impact that is associated with agricultural production. 

The analysis of post-farmgate biomass streams is therefore crucial for accurately 

quantifying the environmental impact that is associated with the food that we 

eat. It is also the pre-requisite for identifying opportunities to move into the 

direction of an agri-food system with low emissions and with closed nutrient 

circles. 

In SUSFANS, we identified a few areas where a full chain life-cycle assessment 

was not yet possible with the tools available:  

 Slaughterhouses produce meat and a multitude of by-products used in 

industry and for pet food 

 Cereals are the largest commodity produced, and cereal processing has a 

large impact on the nutritional quality of the food products they are used 

for 

 Waste management systems are the ‘reactors’ upgrading waste to biomass 

products that can be re-used productively 

 Consumers make the final decisions how much of the food they buy they 

are going to eat and what the destination is of the un-eaten part. 

In this report we perform a literature review for each of these ‚pools‘ and 

compile data that can be used in ‚modules‘ that will be implemented for the 

SUSFANS toolbox. The assessment is based on – and further develops – the 

framework developed by the UN-ECE for the quantification of national nitrogen 

budgets (UNECE, 2013) and its detailled annexes (e.g. Leip et al., 2016; Pierer et 

al., 2016; Winiwarter and Leip, 2016). 
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1 INTRODUCTION 

Society is currently facing the challenge of combining the provision of global 

food security while developing a sustainable food system, which preserves the 

environment. Yet, today consumption of food is contributing significantly to 

several environmental threats, including climate change, deterioration of the 

quality of air, water, and soils, and losses of biodiversity. A recent assessment of 

the impact of agriculture on these main threats  found that agriculture is 

contributing 55% of air pollutant emissions, 59% of the N burden of the water 

systems, and is responsible 51% of loss of biodiversity in Europe (Leip et al., 

2015).  

However, the agri-food system and agricultural production activities interfere 

significantly with the global biogeochemical cycles of nutrients (Bouwman et al., 

2013; Erisman et al., 2008; Fowler et al., 2013; Galloway, 2003; Schmid Neset et 

al., 2008; Sutton et al., 2011) and water (Hoekstra and Wiedmann, 2014; Vanham 

and Bidoglio, 2014). The two nutrients (N and P) belong to the four elements 

with (global) biogeochemical cycles (N, P, Carbon and water) which regularly 

recycle through the planet at various temporal scales. These cycles have been 

stable and self-sustained in pre-industrial times and have since been perturbed. 

The N cycle is one of the three planetary boundaries, which has been surpassed, 

whereas P resources are substantially depleted due to human activities 

(Rockström et al., 2009; Steffen et al., 2015). 

The Livestock Environmental Assessment and Performance Partnership (LEAP) 

concludes therefore that for the environmental assessment of livestock supply 

chains indicators on the supply chains‘ circularity are required in additional to 

traditional indicators on life-cycle impacts caused by the emissions of pollutants 

(LEAP, 2017). 

Indeed, the circular economy concept (European Commission, 2015, 2014) could 

be applied as a response to environmental pressures, resource scarcity and to 

the increased volatility of resource prices (Preston, 2012). The current 

production system is approaching limitations with respect to resource input, 

sources and sinks for waste and emission outflows. Circular economy is a 

strategy aiming at reducing inputs of materials and outputs of wastes by closing 

economic and ecological loops of resource flows (Haas et al., 2015). The concept 

is linked to the life cycle approach and its role to ensure a transition towards 

more sustainable production and consumption patterns (Notarnicola et al., 

2016) but goes beyond this approach as closed nutrient cycles might not always 
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have lowest environmental impacts. Assessing comprehensively food-related 

supply chains has a high importance for tackling environmental impacts and 

improving the sustainability pf agro-food chains. 

Several studies have focused on the analysis of food chains, some of them 

trying to quantify flows of biomass and emissions between the different pools in 

the chain. For example, Leip et al. (2011) deal with the estimation of farm, land 

and soil nitrogen budgets using the CAPRI model. Leip et al. (2014) show the 

quantification of nitrogen flows for 12 main food categories using CAPRI and 

MITERRA models (Britz and Witzke, 2014; Velthof et al., 2009). Gerber et al. 

(2014) and Uwizeye et al. (2016) develop a framework to assess the performance 

of nutrient use (N and P) in livestock supply chains, showing nutrient flows in a 

typical livestock supply chain and listing the flows in the chain corresponding to 

crop and pasture production, animal production and primary processing stages. 

Pierer et al. (2014) analyse nitrogen footprint of food products (crop and 

livestock products) in Austria, as indicator of potential environmental impacts of 

food production. 

Smith et al. (2013) identify the main challenges for the AFOLU sector: food 

security, climate change and provision of ecosystem services. They analyse 

global land use and biomass flows, with data corresponding to year 2000, using 

a cradle-to-grave approach. They present waste reduction and the optimisation 

of biomass-flow cascades as a way of increasing efficiency of resource use and 

reducing GHG emissions, together with land-sparing measures (increased yields, 

livestock feeding conversion…), land-demanding measures (for C sequestration, 

maintenance of C stocks, energy crops), and alternative uses of biomass. They 

stress that the optimization of synergies and mitigation of negative effects 

requires an integrated energy/agriculture/land-use approach. Indeed, several 

studies come to the conclusion that technical solutions at the production stage 

will not be sufficient to reduce the environmental impact and that demand-site 

options including changes in diet and reduction of waste at all stages are 

required, if emission ‘leakages’ are to be avoided (Bellarby et al., 2013; Garnett, 

2011; Pérez Domínguez et al., 2016a; Stehfest et al., 2013; Westhoek et al., 2015, 

2014). 

This report aims at making a comprehensive assessment of biomass and 

nutrient flows in the agro-food system of the European Union. The focus is 

hereby on the links between the agri-food sector other related sectors such as 

waste and energy. This deliverable will serve to complement the development of 

the CAPRI Life Cycle Assessment approach (Weiss and Jansson, 2016) and is the 
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basis for the extension of the anlysis from the farm gate to the consumer in 

SUSFANS work package 9. As a consequence SUSFANS scenarios and case 

studies (Work Package 5) can be assessed with CAPRI (Götz et al., 2017; 

Zimmermann and Latka, 2017) based on a full-chain Life Cycle Assessment at 

the regional scale in Europe.  

2 METHODS 

2.1 Conceptual framework 
To assess the nutrient flows in the food chain, we follow a standardization 

procedure according to a ‘material flow analysis’ (MFA) approach (Brunner and 

Rechberger, 2004; Haberl et al., 2004; Linderholm et al., 2012; Smit et al., 2010). 

The procedure is based on framework set-up in the ‘Guidance Document on 

National Nitrogen Budgets’ prepared by the Expert Panel on Nitrogen Budgets 

(EPNB) under the Task Force on Reactive Nitrogen, UN-ECE Convention on Lon-

range Transboundary Air Pollution (UNECE, 2013). This document provides 

guidance for the calculation of nitrogen budgets at the national scale, where 

‘budgets’ are not limited to the flows across given system boundaries but cover 

also stock changes and internal flows. This ensures a systematic way of including 

all relevant flows.  

Our approach is consistent with their methodology and terminology proposed 

by UNECE (2013). Key concepts are: 

 Pools: they represent ‘containers’ which serve to store quantities of the 

element that we are analysing. Exchange of the element considered occurs 

between different pools via flows. Pools can be environmental media 

(atmosphere, water), economic sectors (industry, agriculture) or other 

societal elements (humans and settlements).  

 Sub-pools: pools can be further divided into sub-pools if sufficient data are 

available; in this case, additional flows between sub-pools have to be 

quantified. 

 Stocks: it represent real world accumulations. Each pool can accumulate a 

certain quantity of the element. 

 Flows: they represent the transport of the element over time between 

(sub-)pools, and also link a pool with the pools outside the system 

boundaries (rest of the world) in the form of imports and exports. A flow is 

identified by: the pool where the flow starts (poolex), the pool where the 

flow ends (poolin), the matrix in which the element is transported between 
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the two pools (for example: wood, eggs,…), the form of the element or any 

relevant information. 

 Balance: the balance of the element of a (sub-)pool equates as inputs – 

outputs – -pool or the whole 

due to knowledge gaps (missing input or output flows) or uncertainties in 

the estimates. 

 

2.2 Nitrogen pools defined in UNECE (2013)  
UNECE (2013) divides the nitrogen that is ‘in’ a country or another geographical 

region, into eight pools. According to the definition above, a pool can be an 

economic sector, but also environmental media. The authors aim to achieve 

high consistency with the economic sectors that are used by the IPCC for the 

quantification of anthropogenic greenhouse gas emissions (UNECE, 2013; 

Winiwarter and Leip, 2016): 

1. Energy and fuels (EF, IPCC sector 1 ‘energy’) 

2. Materials and products in industry (MP, IPCC sector 2 ‘industrial 

processes and products’) 

3. Agriculture (AG, IPCC sector 3 ‘agriculture’). Forest, semi-natural 

vegetation, soils (FS, IPCC sector ‘land use, land-use change, and 

forestry’) 

4. Waste (WS, IPCC sector ‘waste’) 

5. Humans and settlements (HS) 

6. Atmosphere (AT) 

7. Hydrosphere (HY) 

8. “Rest of the world”  (RoW) 

Figure 1 shows the pools as defined in UNECE (2013) and the linkages between 

the agriculture pool with the other pools  (Leip et al., 2016; Winiwarter and Leip, 

2016). 

For the quantification of all most important flows of biomass and/or nitrogen 

that are relevant in an agri-food system, three pools are of main relevance 

 Agriculture (agricultural production, here understood as including 

primary processing if relevant) 

 Humans and settlements (mainly the ‘consumer’) 

 Waste (or rather ‘biomass management systems’) 
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The sub-pools are defined in UNECE (2013) are as follow: 

Agriculture 

a. Animal husbandry (AG.AH) 

b. Manure management and storage (AG.MM) 

c. Soil management (AG.SM) 

Humans and settlements 

d. Organic world (which serves here as an ‘entry point’ for this pool) 

e. Human body (the ‘consumer’) 

f. Material world (non-food nitrogen, not relevant in this study) 

g. Pets 

Waste 

h. Solid waste 

i. Wastewater and sewage 
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Figure 1 Agriculture pool and links to other pools considered in a National integrated Nitrogen Budget (Leip 

et al., 2016; Winiwarter and Leip, 2016; Winiwarter et al., 2016) 
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2.3 Data sources 
The approach for estimating nitrogen flows – especially for the agriculture pool 

(Leip et al., 2016) – is to aim maximum consistency with other reporting 

frameworks. In particular, the following guidelines are of relevance: 

- IPCC (2006) guidelines for the quantification of GHG emissions. This is the 

reference document used by countries for the submission of annual GHG 

inventories to UNFCCC and of Annex I countries for their reporting under Kyoto 

protocol. Current calculations of GHG emissions in CAPRI respond to these 

guidelines. These guidelines describe methods to estimate nitrogen intake by 

animals, nitrogen excretion, emissions from manure storage and management 

systems, and further emissions from manure application and other nitrogen 

sources from soils. Country-specific data and emission estimates can be found 

in the national GHG inventories reported to the UNFCCC (e.g. for the EU in EEA, 

2016) 

- EEA (2016): EMEP/EEA air pollutant emission inventory guidebook. They 

are the guidelines used by countries being parties to the UNECE Convention on 

Lon-Range Transboundary Air Pollution (CLRTAP), required to provide annual 

emission inventories for air pollutants (including NH3 and NOx). This provides in 

some cases more detailed methodologies than the IPCC (2006) guidelines and 

estimate emissions of NH3 and NO, and N2O if it is relevant for the calculation of 

the other two, as well as losses of N2.  

- Eurostat (2013) give detailed recommendations on the estimation of all 

flows relevant for the quantification of the gross N budget (GNB, also called 

land N budget). They refer wherever possible also to the two above-mentioned 

guidelines, but GNB data reported to Eurostat and OECD contain also 

complementary information, for example on crop harvest. 

In our work, we will rely furthermore (and as the first data source) on data from 

the CAPRI model (Britz and Witzke, 2014). CAPRI covers all agricultural 

production activities and the related inputs used and outputs produced at the 

EU level, including imports and exports to the rest of the world. The main 

databases used in CAPRI are taken from EUROSTAT, FAOSTAT, OECD and the 

Farm Accounting Data Network (FADN). Accounting of GHG emissions in CAPRI 

is based mainly on IPCC (2006) methodologies (Pérez Domínguez et al., 2016b; 

Weiss and Leip, 2012). Furthermore, CAPRI provides also cradle-to farm gate 

data at national level (Leip et al., 2015, 2014; Weiss and Jansson, 2016; Weiss 

and Leip, 2012). 
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The focus in this deliverable will be on the missing data for quantification of 

post-farm gate flows the A literature review has been undertaken to 

complement the data.  

 

2.4 Biomass streams in the agri-food system 
For the description of all relevant biomass streams in the agri-food system, the 

internal structure as defined by UNECE (2013) is insufficient.  

Here we argue that two important additional sub-pools are required for the 

agriculture pool: 

 Slaughterhouses receive live animals from the agriculture sub-pool 

‘animal husbandry’ and provide meat to the human and settlement pool, 

but also a significant quantity of by-products and wastes that go to 

human and settlements and waste pools . 

 Cereals are the most important individual crop group for human 

consumption, but cereal processing might have an important impact on 

the nutrition quality of the food. 

 We do not use an ‘entry-sub-pool’ for the Humans and settlement pool, 

but add to organic sub-pools, i.e. ‘household gardens’ and ‘non-food 

organic materials’ (textiles , flowers and other ornamental plants, woody 

products, etc.). 

 In the waste pool we separate solid waste which is ‘managed’ with the 

aim of recycling the biomass or using the energy  (compost, incineration 

with energy recovery, …), sewage systems that recycle sewage sludge to 

agriculture, and waste systems that ‘loose’ the material and energy. 

Figure 2 shows the relevant pools and sub-pools considered in the current 

report. The energy pool is regarded as an important ‘consumer’ of agricultural 

products and therefore relevant in particular for discussion about how much of 

the burden (emissions embedded in biomass streams) are associated with food 

products. However, as the energy pool is regarded as outside the boundaries of 

the agri-food system it is depicted smaller and without internal structure.  

The materials & products in industry pool is important for processing 

agricultural products and by-products for technical uses, some of them 

returning to the agri-food system as secondary products. 

For simplicity, Figure 2 does not show flows to the environment. 
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Figure 2: Diagram of biomass streams in the agri-food system relevant for environmental impact assessment. 

The internal structure of the main pools (agriculture, humans & settlements, waste) is also shown. For 

simplicity, flows to the environment are not shown. Adapted and extended from (Winiwarter et al., 2016) 
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3 RESULTS 

This section shows the detailed analysis of the post-farm gate pools. We have 

identified nutrient flows and emissions within pools and among them, as well as 

the potential information sources for their quantification. The focus here is on  

four pools of particular relevance for the agri-food system, which require 

additional data compilation: 

- Cereal storage and processing 

- Slaughterhouses 

- Human consumption sector 

- Waste 

3.1 Cereal processing 

3.1.1 Introduction 
According to literature (Dewettinck et al., 2008; McKevith, 2004; Slavin et al., 

2000), the nutritional value of cereals can considerably change after processing, 

which has implications from the nutritional point of view. Protein content, 

protein quality, fat content or fibre content are different according to the 

extraction rate of the flours, that is, wholemeal flour can have very different 

nutrient values compared to white flour. This can be important when assessing 

the healthiness of a diet. The cereal storage and processing pool deals thus with 

the storage and processing phases. ‘Processing’ refers to the milling process, in 

which the grain is crushed, followed by air purification and sievings to separate 

the endosperm from the outer coverings and the germ. Table 14 summarises 

some of the changes in wheat and rice properties as a consequence of cereal 

refining. Data for other cereals can be obtained, for example, from the USDA 

Food Composition Database (USDA, 2015). For example, the protein content of 

‘light’ rye flour is indicated with 9.8%, while the protein content of ‘dark’ rye 

flour is given with 15.9%. For rice, the difference between whole grain and white 

rice protein content is smaller (7.2 vs. 6.5%, respectively, according to 

‘naehrwertrechner.de’1). For oats, protein content in the bran is at 13-24% 

considerably higher than in the whole grain at 10-17%2. 

3.1.2 Chemical composition of cereals 
The output of the cereal processing pool is therefore wholemeal cereal, white 

cereal and bran. These products may be used for human consumption, for feed 

                                                   
1 http://www.naehrwertrechner.de/  
2 http://www.oatsandhealth.org/composition-oats-and-health-27/nutrients-of-oat  

http://www.naehrwertrechner.de/
http://www.oatsandhealth.org/composition-oats-and-health-27/nutrients-of-oat
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or, in a minor extent, for industrial purposes such as for paper or alcohol 

production.  

Table 1: Chemical composition, mineral content and nutritional values of two types of wheat (extraction rate 

of 100% and 75%) and rice (brown and white), from literature. 

 

WHEAT 

(Dewettinck et al., 2008;  Slavin et al.,2000) 

Extraction rate* 

RICE 

(McKevith, 2004) 

 100% 75% 66% Brown White 

 CHEMICAL COMPOSITIONS (% dry basis) 

Starch + sugar (%) 69.9 82.9 84.0   

Protein (Nx6.25) (%) 14.2 13.5 12.7 6.7 7.3 

Fat (%) 2.7 1.4 1.1 2.8 3.6 

Dietary fibre (%) 12.1 2.8 2.8 1.9 0.4 

Ash (%) 1.8 0.6 0.5   

Energy (kJ/g) 18.5 18.4 18.3 3.6/15.2 3.8/16.3 

 MINERAL CONTENT (dry basis) 

Phosphorus (mg/g) 3.8 1.3 1.2   

Calcium (mg/g) 0.44 0.25 0.23 0.10 0.51 

Zinc (ppm) 29 8 8 0.02 0.02 

Copper (ppm) 4.0 1.6 1.3   

Iron (ppm) 35 13 10 14 5 

 VITAMINS (dry basis) 

Thiamine (g/g) 5.8 2.2 1.4 5.9 4.1 

Riboflavin (g/g) 0.95 0.39 0.37 0.7 0.2 

Niacin (g/g) 25.2 5.2 3.4 6.8 5.8 

Pyridoxine (g/g) 7.5 1.4 1.3   

Biotin (g/g) 116 46 25   

Folic acid (g/g) 0.57 0.11 0.06 0.49 0.20 

* The extraction rate is defined as the proportion of flour by weight, derived by milling from a known 

quantity of grains. Extraction rates of 75% or below generate ‘white’ flour. 

3.1.3 Flows in cereal processing 

In this section we address the flows coming/going out of the cereal processing 

pool, which are addressed in Table 2. 

There are six main flows in cereal processing, including: (1) quantity of cereals 

produced and taken (input) to storage and processing facilities; (2) output of 

cereals and processing by-products used for feeding domestic livestock, (3) 

processed and wholegrain cereals sold for human consumption, (4) cereals and 
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processing by-products used for industrial uses, (5) cereal product exported and 

(6) losses. 

Due to the importance of the milling process for the nutrient quality of cereals 

and nutrient flows in the agri-food system, all output flows are differentiated in 

whole cereals (C100, extraction rate 100%), ‘white’ cereals (C066, extraction and 

‘cereal by-products’ (C034, residuals from 66% extraction). Intermediate 

extraction rates can be approximated as an interpolation of these two flows (see 

Table 14 ).   

Table 2: Main (a) intput and (b) output flows in the cereal storage and processing pool 

a) Input flows to Cereal storage and processing per cereal type CERE 

(AG.CP.CERE) 

Poolex Matrix Description Data needs 

AG.SM CERE Cereals put to storage and 

processing (such as shelling, 

drying, milling) 

Cereal yields, cultivated area, 

nutrient concentration (N, P) 

AG.SM= soil management pool; CERE= cereal storage and processing 

 

b) Output flows from Cereal storage and processing per cereal type 

(AG.CP.CERE) 

Poolin Matrix Description Data needs 

AG.AH.ANIM CERE Cereals used for feeding Share of cereal production 

used for feeding of animal 

type ANIM. 

This share might be different 

when assessing biomass 

streams or nutrient flows, 

depending on the extraction 

rate. 

 C100  Whole corn cereals  

 C066  White flour 

 C034  White flour by-product 

HS Cereals Cereal/flour taken from 

storage to human 

consumption 

Share of cereal production 

used for human 

consumption. 

 C100  Whole corn cereals  

 C066  White flour 

 C034  White flour by-product 

MP CERE Mainly bran from milling, 

used in the industry for food 

or feed products; but also 

Share of cereal production 

used for secondary 

processing. 
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Poolin Matrix Description Data needs 

wheat used for extracting 

gluten as white flour 

enrichment or as alternative 

protein source in food 

products 

 C100  Whole corn cereals   

 C066  White flour 

 C034  White flour by-product 

WS CERE Processing and storage 

losses. Attention must be 

taken to not double-count 

losses occurring at the farm 

which are already included in 

the production estimates. 

Share of cereal production 

used lost during post-farm 

storage and processing. They 

are multiple possible fates of 

the lost shares, here we 

consider it to flow to the 

‘waste’ pool 

 C100  Whole corn cereals   

 C066  White flour 

 C034  White flour by-product 

RoW Crop 

products 

Crop products exported from 

the farm 

Export statistics, nutrient 

concentration 

AG.AH.ANIM= animals, within the animal husbandry pool; HS= humans and settlements; MP= materials 

and products in industry; WS= waste; RoW= rest of the world. 

3.1.4 Data needs and availability 

In order to quantity these flows, we need to know, in the first place, how much 

cereal is produced in the agricultural pool. This is calculated based on cereal 

areas and yields, which are easily available from statistics. The product is then 

taken to storage facilities, where losses take place. Statistics on these losses are 

available from FAOSTAT and they are included in the CAPRI model database. 

After that, we need to estimate feed needs of domestic livestock, which is 

calculated in the CAPRI model based on livestock numbers and the nutritional 

requirements of the different animal types. We also need to know the quantity 

of cereals sold for human consumption and the share of wholegrain and 

unprocessed grain sold. The remaining grain quantities would correspond to the 

cereal exports. Finally, for the nitrogen and phosphorus balances, we need to 

know nutrient contents of the different cereals and their processing products 

(wholemeal/white flour and fibre). 

Many of the necessary information can be obtained from statistics. The CAPRI 

model provides areas cultivated with cereals, yields and total production at the 

NUTS 2 level, and national data for the share used for human consumption, 
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feed, processing. Also, data on imports and exports are consolidated in the 

CAPRI model from statistical sources. 

New data required is mainly the share of cereal which is processed into white 

flour and by-products, together with the destination of the sub-products. Some 

of the nutrient content information can be found in literature (see Table 14 for 

wheat and rice).  

Unfortunately, data on the share of  cereals actually processed is difficult to find. 

However, the share of whole-grain cereals used currently for human 

consumption is likely to be low. Therefore, for simplification, the following 

assumptions are made for the current situation: 

 Share of white flour 100% for wheat used for human consumption. 

According to German statistics of the cereal market (Bundesanstalt fuer 

Landwirtschaft und Ernaehrung, 2013), only 0.5% of soft wheat was sold 

as whole grain flour, while the bulk of flour had an extraction rate around 

75% (flour of the German type 530 and 630). For the current situation, 

higher extraction rates are therefore not significant. 

 In Germany, the share of whole grain flour was much higher for rye, at 

about 30%  (Bundesanstalt fuer Landwirtschaft und Ernaehrung, 2013). 

This high share might not be representative for other countries, thus 

additional data are required. 

 For rice, we assume that whole grain products from European production 

are insignificant for human consumption.  

 Barley is used mainly in breweries and is used as whole grain 

 Oats are mainly consumed as ‘flakes’ and are assumed to be consumed 

as whole grains.  

 Direct human consumption of maize is low in most and is assumed to be 

mainly as whole grains. 

Industrial use is mainly by-products (wheat and rye) and ‘filled’-up with whole 

grain. 

Feeding with by-products (if still ‘available’) or whole grain; export as whole 

grains. 

3.1.5 Example calculation for Germany 

To demonstrate the potentiality of the methods and data sources identified for 

the quantification of mass and nutrient flows along the food chain, we have 

made a tentative exercise based on data for Germany. Production statistics 
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come mainly from CARPI database, while the described parameters related to 

the cereal processing pool are taken from the sources cited above.   
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Table 3 through Table 5 show the results for mass flows, nitrogen flows and 

phosphorus flows, respectively.  
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Table 3: Results of the quantification of mass flows in the cereal storage and processing pool, example of 

Germany (quantities in thousand tonnes) 

  

TOTAL MASS FLOWS (thousand tonnes) 

  

AG.SM - 

CERE 

CERE - 

AG.AH.ANIM CERE - HS CERE - MP CERE - WS CERE - RoW 

WHEAT 

C100 23853.53 9359.06 0 1544.28 114.99 10588.92 

C066 

  

4500.44 

   C034 

   

2250.22 

  

RYE 

C100 3566.67 512.55 259.93 471.39 21.44 512.55 

C066 

  

400.30 

   C034 

   

200.15 

  

BARLEY 

C100 11388.85 6957.87 16.4 2511.58 45.57 2509.24 

C066 

      C034 

      

OATS 

C100 841.25 594.3 289.83 22.49 7.78 145.71 

C066 

      C034 

      

MAIZE 

C100 4347.86 3964.66 1504.06 612.32 41.8 534.68 

C066 

      C034 

      
OTHER 

CEREALS 

C100 2501.68 1864.36 18.45 1549.47 2.77 834.08 

C066 

      C034 

       

Table 4: Results of the quantification of nitrogen flows in the cereal storage and processing pool, example of 

Germany (quantities in thousand tonnes) 

  

TOTAL N FLOWS (thousand tonnes) 

  

AG.SM - 

CERE 

CERE - 

AG.AH.ANIM CERE - HS CERE - MP CERE - WS CERE - RoW 

WHEAT 

C100 541.95 212.64 

 

35.09 2.61 240.58 

C066 

  

91.45 

   C034 

   

39.47 

  

RYE 

C100 90.74 13.04 6.61 11.99 0.55 13.04 

C066 

  

6.28 

   C034 

   

0.97 

  

BARLEY 

C100 182.22 111.33 0.26 40.19 0.73 40.15 

C066 

      C034 

      

OATS 

C100 14.81 10.46 5.10 0.40 0.14 2.56 

C066 

      C034 

      MAIZE C100 69.57 63.43 24.06 9.80 0.67 8.55 
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TOTAL N FLOWS (thousand tonnes) 

  

AG.SM - 

CERE 

CERE - 

AG.AH.ANIM CERE - HS CERE - MP CERE - WS CERE - RoW 

C066 

      C034 

      
OTHER 
CEREALS 

C100 68.05 50.71 0.50 42.15 0.08 22.69 

C066 

     
 

C034 

       

Table 5: Results ofthe quantification of phosphorus flows in the cereal storage and processing pool, example 

of Germany (quantities in thousand tonnes) 

  
TOTAL P FLOWS (thousand tonnes) 

  

AG.SM - 
CERE 

CERE - 
AG.AH.ANIM CERE - HS CERE - MP CERE - WS CERE - RoW 

WHEAT 

C100 90.64 35.56 
 

5.87 0.44 40.24 

C066 

  
5.40 

   C034 

   
21.73 

  

RYE 

C100 11.84 1.70 0.86 1.57 0.07 1.70 

C066 

  
1.21 

   C034 

   
1.57 

  

BARLEY 

C100 25.17 15.38 0.04 5.55 0.10 5.55 

C066 

      C034 

      

OATS 

C100 4.40 3.11 1.52 0.12 0.04 0.76 

C066 

      C034 

      

MAIZE 

C100 9.13 8.33 3.16 1.29 0.09 1.12 

C066 

      C034 

      
OTHER 
CEREALS 

C100 9.16 6.82 0.07 5.67 0.01 3.05 

C066       

C034       

3.2 Slaughterhouses 

3.2.1 Introduction 
Regarding livestock products, there is an important step between the farm and 

the final consumer: the slaughterhouse, where meat and other by-products are 

obtained from live animals. In the slaughtering and rendering processes, the 

main products obtained are used for human consumption, such as fresh meat 

and edible offal, or food raw material used for the production of leather and 



SUSFANS 

 

Report No. D3.3 

 

 

25 

 

food grade products through additional processing. Figure 3 illustrates the 

animal by-product (ABP) system: 

 

 

 

Figure 3: Animal by-product system, from Ramirez (2012) 

The primary objective of livestock breeding is meat production, but the 

slaughtered animal provides as well many other by-products which have 

different uses. The slaughtering and rendering processes are therefore highly 

relevant from the environmental point of view and the nutrient flows happening 

at this stage need to be represented.  

3.2.2 Slaughterhouse by-products 

By-products are classified in three categories according to their potential risk to 

animals, the public or to the environment (EU Regulation 1774/2002) (European 

Commission, 2002):  

(1) Category 1 are very high-risk materials (infected/contaminated animals or 

by-products), which can only be used for energy production.  

(2) Category 2 are other high risk material including manure, digestive tract 

content and products of animal origin unfit for human consumption, which can 

be used for energy or fertiliser production.  

(3) Category 3 is the lowest risk category, including carcasses and parts of 

animals slaughtered and fit for human consumption but not intended for 

human consumption for commercial reasons, which can go through a rendering 

process for energy or fertiliser production or other technical uses, pet foods and 

other applications. Category 3 includes also skins and hides going to the leather 

industry.  

Animal 
slaughtering 

Further meat 
processing 

Consumption of 
animal products 

ABP processing Use/Final 
disposal 

Live animals 

Edible 

Non-edible 
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Table 6 shows the classification and potential uses of the animal by-products 

according to the EU legislation. 

 

Table 6: Classification and possible uses of animal by-products, according to European regulations (European 

Commission, 2009, 2002): 

Category Material Possible 

treatment 

Permitted uses after 

treatment  

1 - Animals or body parts with or 

suspected to be infected with a 

TSE.  

- Specified risk material (SRM): in 

the EU skull, brain, tonsils, spinal 

cord, and intestines of bovine 

animals; in UK and Portugal also 

entire head and vertebral column.  

- Entire bodies containing SRM.  

- Catering waste from international 

transport.  

- Animal materials in wastewater 

from category 1 rendering plants.  

Incineration 

 

n.a. 

1 Rendering - Incineration 

- Co-incineration 

2 - Manure and digestive tract 

content.  

- Animal materials in waste water 

from slaughterhouses and 

category 2 rendering plants.  

- Fallen stock (including parts).  

- Not category 1 material.  

Incineration 

 

n.a. 

Rendering - Incineration 

- Co-incineration 

- Rendered fats- used to 

produce organic fertilisers 

or oleo-chemical splitting 

for technical uses not to be 

used in humans 

- Rendered proteins- used as 

organic fertilisers 

- Transformed to produce 

biogas, composted or 

landfilled 

Production of 

biogas 

- Burn to produce energy 

3 - Parts of slaughtered animals fit 

for human consumption or unfit 

but with no transmissible 

diseases.  

- Hides, skins, horns, bristles and 

feathers from animal fit for 

Incineration n.a. 

Rendering - Incineration 

- Co-incineration 

- Pet foods 
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Category Material Possible 

treatment 

Permitted uses after 

treatment  

human consumption.  

- Non-ruminant blood.  

- Raw milk from healthy animals.  

- Food of animal origin which is no 

longer able to be eaten by 

humans.  

- ABP generated in the production 

of food products for humans.  

- Technical uses 

Production of 

biogas 

- Burn to produce energy 

Composting - Compost 

Processing 

into pet foods 

- Pet foods 

Processing in a 

technical plant 

- Technical uses 

3.2.3 Flows in slaughterhouses 
We consider the slaughterhouse (AG.SLAU) as a sub-pool of the agriculture 

pool. The description of the biomass flows in the slaughterhouse are based on 

the final use of (by-)products. Table 7 shows the main flows identified for the 

slaughterhouse.  

 

Table 7: Main mass flows in the slaughterhouse pool (AG.AH.SLAU).(a) input flows and (b) output flows 

(a) Input flow to the pool AG.SLAU 

Poolex Matrix Description Data needs 

AG.AH.ANIM Animal Number of animals 

slaughtered, per animal type 

Number of slaughtered animals 

type ANIM 

AG.AH.ANIM= animals, within the animal husbandry pool 

 

(b) Output flows from the pool AG.SLAU 

Poolin Matrix Description Data needs 

HS Meat Total meat production (carcass) Number of slaughtered animals, 

carcass weight, meat share, 

nutrient concentration 

HS Food-grade 

by-products 

Animal by-products fit and 

used for human consumption 

Number of slaughtered animals, 

carcass weight, share of food-

grade products, nutrient 

concentration 

HS Pet food Animal by-products used 

directly as pet food 

Number of slaughtered animals, 

carcass weight, share of by-
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Poolin Matrix Description Data needs 

products used for pet food, 

nutrient concentration 

MP Animal by-

products  

Category 1+2 and 3 animal by-

products used in industry to 

produce fertilisers, leather, pet 

food and other industrial 

products 

Number of slaughtered animals, 

carcass weight, share of by-

product used in the industry, 

nutrient concentration 

EF Animal by-

products 

Animal by-products used as 

biodiesel 

Number of slaughtered animals, 

carcass weight, share of by-product 

used for energy production, nutrient 

concentration 

WS.SOL Animal by-

products 

Category 1+2 by-products with 

high risk for human health, used 

only for incineration 

Number of slaughtered animals, 

carcass weight, share of by-products 

in category 1+2 which are 

incinerated, nutrient concentration 

WS.LIQ Water Liquid residues of 

slaughterhouses, going to the 

sewage system 

Number of slaughtered animals, 

carcass weight, estimates of liquid 

waste per kg of meat 

RoW Meat Exports of meat products Trade statistics, nutrient contents of 

meat 

HS= humans and settlements pool; MP= materials and products in industry; EF= energy and fuels; WS.SOL = solid 

waste; WS.LIQ = liquid waste; RoW= rest of the world 

 

According to Table 7, the identified mass flows in the slaughterhouse include: 

(1) live animals taken from the farm to the slaughterhouse, (2) meat products 

obtained in the slaughterhouse and used for human consumption, (3) food-

grade products obtained from slaughtering and used for human consumption, 

(4) animal by-products used in the industry for different purposes, (5) animal by-

products used for energy production, (6) animal by-products with high risk for 

human health and therefore incinerated, (7) liquid wastes from slaughterhouses, 

and (8) meat exports.  

 

3.2.4 Data needs and availability 

Among data needs specified in Table 7 for the quantification of flows, only the 

number of slaughtered animals and trade of live animals and meat are available 

from official statistics. However, there are no official data available on the 

quantities of slaughterhouse by-products and industrial data are undisclosed, 

therefore we need to use data from literature and dissemination bulletins from 

producer associations. A comprehensive study of the slaughterhouse sector is 
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presented in Blonk and Luske (2008) and Luske and Blonk (2009). Table 8 shows 

a summary table from the former, showing the different shares of meat and by-

products obtained in the Dutch slaughterhouses by animal type, considering: 

pig, beef, veal, broilers and lamb. 

Table 8: Slaughterhouse products by animal type obtained as an average in the Netherlands. 

 Mass balance 

  Beef Veal Pig Lamb Broiler 

LW animal (kg animal at slaughterhouse) 480 259.5 110 40 2.05 

Fresh meat 46% 49% 55% 45% 63% 

Food grade fat 7% 3% 3% 0% 0% 

Food grade rind 0% 0% 3% 0% 0% 

Food grade bones 8% 8% 11% 0% 0% 

Food grade organs and instentines 3% 5% 4% 10% 8% 

Food grade blood 3% 0% 2% 0% 0% 

Cat. 3 organs and instentines 1% 0% 4% 0% 6% 

Cat. 3 colon and other parts 2% 0% 5% 0% 12% 

Cat. 3 bones 0% 3% 3% 0% 0% 

Cat. 3 head 0% 0% 2% 0% 0% 

Cat. 3 fat 0% 0% 1% 0% 0% 

Cat. 3 blood 0% 0% 2% 0% 4% 

Cat. 3 hair 0% 0% 1% 0% 0% 

Cat. 3 skin/hide 7% 7% 0% 0% 0% 

Cat. 3 feathers 0% 0% 0% 0% 6% 

Cat. 3 manure 9% 10% 0% 0% 0% 

Cat. 2/1 14% 14% 5% 45% 2% 

Total 100.0% 100.0% 100.0% 100.0% 100.0% 

Source: Luske and Blonk (2009) 

For the purpose of the flow calculations, we need to group the by-products 

according to their characteristics and final use. Additionally, the information 

available from the producer associations is also classified in bigger groups 

related to the final use of the products. Scislowski et al. (2012) provide 

indications on how the different products are grouped, presented in Figure 4. 

The main intermediate products obtained during the rendering process are 

meat and bone meal (MBM), processed animal proteins (PAP), fat and hides. 
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Figure 4: Types of products and by-products obtained in slaughterhouses.   

Annexes 1 and 2 present further detail on by-product use for each livestock 

category. Some general figures on the production of by-products were found in 

the producer’s magazine Render (Render, 2016, 2015), based on data from 

EFPRA (European Fat Processor and Renderers Association3), which showed the 

production from rendering processes in year 2014 and 2015. We present in 

Table 9 a summary of by-product production data. Data from literature (Blonk 

and Luske, 2008; Desjardins et al., 2012; Luske and Blonk, 2009; Ramirez 

Mosquera, 2012; Ramirez et al., 2012; Reckmann et al., 2013; Render, 2016, 2015; 

Tuomisto et al., 2015), which is summarised in this table, allows estimating from 

the number of slaughtered animals, the quantities of by-products allocated for 

the different uses.  

 

Table 9: Production of animal by-products from rendering processes in thousand tons, per product type, in 

Europe (Render magazine, based on EFPRA data).  

USES OF 

RENDERING 

PRRODUCTS 

Industry 

(oleochemical, 

food…) 

Pet food 

and 

animal 

feed 

Fertilisers Cement 

industry 

Biofuel Incineration 

YEAR 2014 

Cat.1 MBM      1050 

Fat 5.5    350 160 

Cat.2 MBM  9 175 280   

Fat 7.5    40  

                                                   
3
 http://efpra.eu/. 



SUSFANS 

 

Report No. D3.3 

 

 

31 

 

USES OF 

RENDERING 

PRRODUCTS 

Industry 

(oleochemical, 

food…) 

Pet food 

and 

animal 

feed 

Fertilisers Cement 

industry 

Biofuel Incineration 

Cat.3 PAP  1698.6 725 100   

Fat 575 950   300  

YEAR 2015 

Cat.1 MBM      1000 

Fat     400 108 

Cat.2 MBM  9 143    

Fat     100 40 

Cat.3 PAP  1895 630    

Fat 621 1140   400  

 

For nutrient concentrations of blood meal, bone meal, feather meal, meat and 

bone meal, we can also use literature data or commercial websites which specify 

the NPK contents of their products, such as: Colorado State university4, 

University of California5, American Rose Society6, Southeast Farm Press7, 

SONAC8.  Table 10 gathers the information found in the cited sources. 

Table 10: Compendium of N, P, K and Ca content for different types of animal by-products used as fertilisers. 

 N (%) P2O5 (%) K2O (%) Ca (%) 

Blood meal 14 0.5 0.3 0.3 

Bone meal 6 10 0.2 22 

Feather meal 13 0.2 0.1 0.4 

Hair meal 14 0.2 0.1 0.2 

Meat meal 8 3.7 0.9 7 

Meat and bone meal 8 6.5 0.2 14 

 

Finally, regarding slaughterhouse waste reaching the sewage system, some 

information on quantity and quality of waste water was available from FAO on-

line documents9. Steinfeld et al. (2006) also provide some summary tables with 

average quantity of wastewater discharge by kilogram of meat and N/P contents, 

                                                   
4 http://www.ext.colostate.edu/mg/gardennotes/234.html#animal 

5 http://cesacramento.ucanr.edu/files/77595.pdf 

6 http://www.rose.org/rose-care-articles/its-not-just-a-bunch-of-manure-a-look-at-natural-fertilizers/  

7 http://southeastfarmpress.com/management/organic-fertilizer-options-available-all 

8 https://www.sonac.biz/  

9 http://www.fao.org/ag/AGAinfo/resources/documents/Lxehtml/tech/ch5d.htm 

http://www.ext.colostate.edu/mg/gardennotes/234.html#animal
http://cesacramento.ucanr.edu/files/77595.pdf
http://www.rose.org/rose-care-articles/its-not-just-a-bunch-of-manure-a-look-at-natural-fertilizers/
http://southeastfarmpress.com/management/organic-fertilizer-options-available-all
https://www.sonac.biz/
http://www.fao.org/ag/AGAinfo/resources/documents/Lxehtml/tech/ch5d.htm
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among other indicators, for different types of slaughterhouse. Van Dijk et al. 

(2016) calculate phosphorus losses in slaughterhouses using data from the 

European Pollutant Release and Transfer Register (E-PRTR).  

Based on these sources, we consider as an approximation a waste water content 

of 0.68kg Nkj-N and 0.05 kg P per ton of live weight killed. Roy et al. (2013) 

provide additional data on the composition of slaughterhouse wastewater, 

indicating a total nitrogen content of 4.94% (in mass percentage) and a total P 

content of 0.16%. 

3.2.5 Example calculation for Germany 

There are not many official statistics that we can use for the calculation of 

slaughterhouse flows. However, we have collected some literature and 

commercial data from the European Fat Processors and Renderers’ Association 

which can be used to get some estimations. 

Based on CAPRI production data and on the information collected about 

slaughterhouse product shares, composition and destinations, se have 

performed the calculations for the German example. Table 11 through Table 13 

show the quantification of flows in terms of mass, nitrogen and phosphorus for 

Germany. 

Table 11: Results of the quantification of mass flows in the slaughterhouse pool, example of Germany 

(quantities in thousand tonnes) 

Pool-ex Pool-in 

MASS FLOWS (thousand tonnes) 

 BEEF PIG LAMB CHICKEN 

AG.AH.ANIM AG.SLAU Heads 4762.1 54833.6 1895.6 610.7 

AG.SLAU HS Meat 642.8 2888.6 23.5 548.6 

 

HS 

Food-grade 

products 43.5 188.4 5.2 72.4 

 

HS Pet food 

 

185.5 

 

51.1 

 

MP 

Animal by-

products 166.0 787.4 0.0 58.7 

 

EF 

Animal by-

products 18.1 40.4 1.6 5.1 

 

WS.SOL Waste 159.2 57.0 5.4 3.4 

 

WS.LIQ Wastewater 0.02 0.07 0.00 0.01 

 

RoW Meat 582.6 1863.4 12.2 787.5 

 

Table 12:Results of the quantification of nitrogen flows in the slaughterhouse pool, example of Germany 

(quantities in thousand tonnes) 
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Pool-ex Pool-in 

NITROGEN FLOWS (thousand tonnes) 

 BEEF PIG LAMB CHICKEN 

AG.AH.ANIM AG.SLAU Heads 122.0 1370.8 47.4 17.1 

AG.SLAU HS Meat 20.9 87.6 0.8 19.0 

 

HS 

Food-grade 

products 1.4 5.7 0.2 2.5 

 

HS Pet food 0.0 5.6 0.0 1.8 

 

MP 

Animal by-

products 8.4 49.2 0.0 4.9 

 

EF 

Animal by-

products 0.5 1.3 0.1 0.2 

 

WS.SOL Waste 4.3 1.8 0.2 0.2 

 

WS.LIQ Wastewater 0.001 0.004 0.000 0.001 

 

RoW Meat 18.9 56.5 0.4 27.3 

 

Table 13: Results of the quantification of phosphorus flows in the slaughterhouse pool, example of Germany 

(quantities in thousand tonnes) 

Pool-ex Pool-in 

PHOSPHORUS FLOWS (thousand tonnes) 

 BEEF PIG LAMB CHICKEN 

AG.AH.ANIM AG.SLAU Heads 31.8 307.1 11.4 3.5 

AG.SLAU HS Meat 20.6 87.6 0.8 0.0 

 

HS 

Food-grade 

products 1.4 5.7 0.2 0.0 

 

HS Pet food 0.0 5.6 0.0 0.0 

 

MP 

Animal by-

products 0.4 12.0 0.0 0.0 

 

EF 

Animal by-

products 0.6 1.3 0.1 0.0 

 

WS.SOL Waste 5.3 1.8 0.2 0.0 

 

WS.LIQ Wastewater 0.00 0.00 0.00 0.00 

 

RoW Meat 18.6 56.5 0.4 0.0 

 

3.3 Human consumption 

3.3.1 Introduction 
The ‘human consumption’ pool corresponds to the ‘humans and settlements’ 

(HS) pool defined by UNECE (2013). This pool has three sub-pools: 

 The food distribution (HS.FD) poos serves as an ‘entry’ point for the HS 

pool – this is called the ‘organic world’ by Pierer et.al. (2016). The food 

distribution pool includes food chain actors such as retailers, but also 
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direct farm or farmers market purchases are assumed to go through this 

pool for reasons of consistency. Food losses from the food distribution 

pool  flow directly to the waste pool; the rest is distributed to the other 

HS sub-pools 

 The household (HS.HH) receives food from the agriculture pool, the 

industry pool, or through trade with the RoW via the food distribution 

pool. It receives also input directly from household gardens. The HS.HH 

includes however all products as soon as purchased from the 

supermarket or the producer. In contrast, Pierer et al. (2016) define this 

pool as ‘human body’ (HS.HB) pool with more narrow boundaries.  

 The pet animals (HS.PE) pool encompasses non-agricultural animals kept 

as ‘hobby’; pets receive ‘own’ food from slaughterhouses (by-products 

and lower quality products, but also fit for human consumption) via the 

food distribution pool, but also a share of food that originally was 

intended for human intake from human households. 

 Household gardens (HS.HG) represent the production of biomass for 

aesthetic reasons or to produce food for own consumption (which are 

not included in agricultural statistics). They receive input of food waste as 

compost and return food and ornamental plants;  

 The material world (HS.MW) includes nutrient-containing products not 

intended for human intake. This pool is important for describing the 

nutrient flows of agricultural products, but it is outside the boundaries of 

the agri-food system and therefore not relevant for SUSFANS. 

As the HS pool serves as last ‘consumer’ of the products, the outflows are all 

directed to the waste pool, both to systems with recovery of biomass, nutrients 

and/or energy, or without any further use of material or energy. Flows to 

sewage systems (WS.LIQ) occur only from the household sub-pool, while flows 

to solid waste management (WS.SOL) and loss of waste (WS.LOS) can occur 

from all sub-pools. 

According to Leip et al. (2016) most of the input comes from the agriculture 

pool including ‘processed’ food products (pizza, pasta, cakes) as long as the 

ingredients can be directly linked to the food product commodity it was made 

of. Only ingredients of agricultural origin where this is not possible (generic 

‘starch’, emulsifier, flavour enhancer etc.) are considered to be passed by the 

industrial pool. 
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3.3.2 Flows in human settlements 

Table 14 shows the main internal and external flows in the HS pool.  

Ideally, the household pool is differentiated into private consumption 

(HS.HH.PC) and restaurants/catering services (HS.HH.RC). This distinction is 

proposed by Vanham et al. (2015) as the shares of food waste might differ 

considerably and be therefore significant for post-farmgate biomass and 

nutrient flows. However, no data are so far available for SUSFANS and this 

differentiation is therefore not possible.  

Table 14: Main flows in the human consumption module. (a) Input flows to the HS.FC pool; (b) Internal and 

output flows 

(a) Input flows to the HS.FD pool 

Poolex Matrix Description Data needs 

RoW Food Trade of primary and 

secondary products 

food products 

Trade statistics 

AG Food Crop products, Meat 

and by-products, 

Milk, Eggs, Wool 

products as from 

farm or primary 

processing gate 

(cereal processing, 

slaughter house, 

dairies) 

Statistics on crop yields, 

cultivated are and nutrient 

concentrations; Livestock 

statistics, meat and 

slaughterhouse by-products, 

milk, egg, wool production per 

animal, nutrient concentration 

MP Food Secondary food 

ingredients which 

cannot be easily 

‘traced’ back to the 

agricultural product 

Statistics on secondary 

ingredients production and 

consumption. 

RoW= rest of the world; AG= agricultural pool; MP= materials and products in the industry 

 

(b) Internal flows and output flows from the HS pool 

Poolex Poolin Matrix Description Data needs 

HS.FD HS.HH Food Food purchased by 

households (supermarket 

or directly at the 

producer); this includes 

also food products which 

are intended for human 

Food chain losses, 

share of food products 

intended for human 

consumption 
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Poolex Poolin Matrix Description Data needs 

consumption (at the 

producer/retailer) but 

given to pets. 

HS.FD HS.PE Pet food Agricultural products and 

by-products intended for 

use as pet-food (fit or 

unfit for human 

consumption) 

Statistics on pet food 

production 

HS.FD HS.MW Non-food 

products 

Agricultural products for 

non-food purpose 

(textiles, ornamental 

plants, christmas trees 

etc.) 

 

HS.FD WS Agricult. 

products 

Food chain losses 

managed in waste 

systems or lost 

Food chain losses 

HS AG.AH Food waste Food products (avoidable 

and unavoidable residues) 

used as animal feed 

Rural population, 

waste used for feed 

per capita of rural 

population 

HS.HH HS.PE Food 

products 

Food products (avoidable 

and unavoidable residues) 

used for pet feeding 

Household food waste 

suitable for pet 

feeding, share of food 

used for pet food 

HS.HH HS.HG Compost Garden compost Statistics on garden 

compost 

HS.HG HS Various Backyard agricultural 

products; ornamental 

plant 

Statistics on backyard 

production 

HS.HH WS.LIQ Food waste Food waste going to the 

sewage system 

Population, statistics 

on sewage systems per 

inhabitant 

HS WS.SOL Food waste Food residues (avoidable 

and unavoidable waste) 

lost in landfill or 

incineration.  

Household food waste 

non-used for any other 

use, but incinerated or 

landfilled, or without 

trace 

HS.FD= food distribution, within humans and settlements pool; HS.HH = households sub-pool of the 

humans and settlements pool; HS.PE= pets, within the humans and settlements pool; HS.HG= household 

gardens, in the humans and settlements pool; AG.AH= animal husbandry, within the agricultural pool; 

WS.LIQ = liquid waste; WS.SOL = solid waste. 
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3.3.3 Data needs and availability 

Main data need for the calculation of these flows are production statistics of 

agricultural products intended for human or pet consumption. These are 

available from statistical offices such as EUROSTAT or FAOSTAT, or from agro-

economic models such as the CAPRI model, where all those statistics are 

incorporated. Furthermore, the share of production intended for human 

consumption is available for food balance sheets available for the same data 

sources. 

According to the FAO, about one third of food intended for human 

consumption is never eaten (Gustavsson et al., 2011). The difficulty in the human 

consumption sector lies thus in the flows directed to the waste pool. Flows to 

the waste sector needs to be differentiated between food losses that happen 

throughout the part of the supply chain that specifically leads to edible food for 

human consumption (that is at the production, postharvest and processing 

stages, here from the agriculture poo including the food processing pools 

(cereal and slaughter houses), and from food distribution) and also food 

wastages from households (see e.g. Gustavsson et al., 2011; HLPE, 2014). Food 

losses in the ‘market’ are accounted for in supply balance sheets such as 

provided in CAPRI. The FAO Food Balance Sheet (FBS, FAO, 2001; FAOSTAT, 

2014) includes estimates for food losses from farm gate to supermarket. These 

have been used by Vanham et al. (2015) to calculate cradle-to-supermarket 

footprints for nitrogen and water, based on footprint factors as calculated with 

CAPRI  (Leip et al., 2014). FAO (2011) provide estimations of food losses and 

waste in each stage of the food chain per crop group and region and allows 

separating losses in processing and packaging, supermarket retail and 

consumption.  

Pierer et al. (2016) provide a methodology to estimate pet food intake from 

recommended protein intake rates and provide representative rates for a 

number of animals including dogs and cats. The European Pet Food Industry 

association reports some data on pet food market for 201410: the annual sales 

for this year were 9 million tonnes. They provide an estimation of the population 

of dogs, cats, ornamental birds, ornamental fish, small mammal and reptiles per 

Member State, together with the percentage of households owning a dog or a 

cat. On the basis of this data and the quantity of slaughterhouse food grade 

products and category 3 products intended as pet food, it is possible to 

                                                   
10

 http://www.fediaf.org/facts-figures/ 
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approximate the quantity of other food fit for human consumption sold as pet 

food, and food purchased by the consumers diverted as pet food. 

Vanham et al. (2015) quantify also food wastes at the household from the EU 

consumer per group of product, differentiating between avoidable and 

unavoidable waste. Hanson et al.  (2016) developed a first version of the “Food 

Loss and Waste Accounting and Reporting Standard”, supported by the  Food 

Loss & Waste Protocol, the World Resources Institute, the Consumer Goods 

Forum, the EU FUSIONS project, the World Business Council for Sustainable 

Development (WBCSD), WRAP, the FAO, and UNEP. Figure 5 shows possible 

materials and destinations of food waste as presented by Hanson et al. (2016).  

The analysis Vanham et al. (2015) is based on a compilation of national data 

from six countries (UK, Germany, Netherlands, Denmark, Finland, and Romania). 

The novelty of their analysis is to use the data to estimate a probability 

distribution of total and avoidable household food waste at product level. The 

data are well in-line with the results of the EU FUSIONS project11, presented by 

Stenmarck et al. (2016) as the share of wastes in households, food service, 

wholesale and retail, processing and production for the EU28, based on statistics 

and surveys to Member States (see Figure 6). The 88 million tonnes of total food 

waste are distributed among: primary production, processing, wholesale and 

retail, food service (i.e. restaurants, catering services) and households. They also 

provide some information on the destination of household wastes (municipal 

waste streams, sewer, home composting). Their data, however, are not 

differentiated by food product group and therefore less useful for SUSFANS 

than the assessment done by Vanham et al. (2016). 

 

                                                   
11

 http://www.eu-fusions.org/  

http://www.eu-fusions.org/
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Figure 5. Figure 1 from Hanson et al.  (2016): Material types and possible destination under the FLW Standard  

 

 

Figure 6: Split of EU28 food waste in 2012 by sector, including edible and inedible pars associated with food 

(from Stenmarck et al., 2016) 
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Other ongoing EU research projects also focus on waste and might provide 

useful data. For example, the REFRESH project12 (Resource Efficient Food and 

dRink for the Entire Supply cHain) which is the follow-up project of  EU 

FUSIONS. Their main objective is to contribute towards Sustainable 

Development Goal 12.3 of halving per capita food waste at the retail and 

consumer level and reducing food losses along production and supply chains, 

reducing waste management costs, and maximizing the value from un-

avoidable food waste and packaging materials. 

The AGROCYCLE13 project (A blueprint and EU policy-forming protocol for the 

recycling and valorisation of agri-food waste) focuses on a holistic analysis of 

food losses and wastes. Other studies providing information on wastes from the 

food chain in Europe are for example WRAP (2008), Parry et al. (2014), Buckwell 

and Nadeu (2016), van Dijk et al. (2016) to complement data such as the use of 

food waste used for animal feeding and food waste used in gardens. Van Dijk et 

al. (2016) also make an estimation of phosphorus flows from food waste in the 

household to animal feeding, assuming that this flow only happens in rural 

areas. We took the same approach, using rural population data from FAOSTAT 

and the figures on phosphorus per capita for this flow from van Dijk, 

considering the same flow share compared to total flow arriving to the 

household for nitrogen and mass. 

Table 15. Table 4 from Vanham et al (2015): Statistical normal distribution values (av=average; 

stdev=standard deviation; max=maximum and min=minimum) of total and avoidable food waste fractions 

(CORR2_TOT and CORR2_AV in %), based upon the literature values of Table 3. For sugar, stimulants, spices 

and alcoholic beverages, correction factors are assumed to be uniformly distributed. 

Product group 
Total waste Avoidable waste 

av stdev max min av stdev max min 

cereals 17.12 8.6 29 5 17.12 8.6 29 5 

potatoes 25.5 14.2 45 5 25.2 15 45 5 

sugar   10 5   10 5 

pulses 5 1.8 7 2 4.7 1.9 7 2 

crop_oils 5 1.8 7 2 4.7 1.9 7 2 

vegetables 26.2 13.9 45 5 20.9 11.5 36 4 

fruit 25.5 12 41 5 12.6 6.8 22 4 

                                                   
12

 http://eu-refresh.org/  
13

 http://www.agrocycle.eu/  

http://eu-refresh.org/
http://www.agrocycle.eu/
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Product group 
Total waste Avoidable waste 

av stdev max min av stdev max min 

stimulants   10 5   10 5 

spices   10 5   10 5 

alcoholic beverages   7 3   7 3 

meat 14.5 6.6 23 4 7.7 4.6 14 2 

animal_fats 5 1.8 7 2 5 1.8 7 2 

eggs 11.9 3.9 17 6 5.1 1.8 7 2 

milk (and yoghurt) 7 2.8 17 2 5.2 3 17 2 

cheese 7.9 3.2 17 2 6 3.9 17 2 

cream 5.2 3 17 2 5.2 3 17 2 

fish 14.5 6.5 23 4 7.4 4.8 14 2 

 

3.3.4 Example calculation for Germany 

Table 16 shows the illustrative results of the quantification of flows for Germany. 

For some of the flows, available data was not sufficiently accurate and require 

further investigation and harmonisation of data coming from the different 

sources. The main flows are though calculated. 

Table 16: Results of the quantification of mass, nitrogen and phosphorus flows in the human and settlements‘ 

pool, example of Germany (quantities in thousand tonnes) 

Pool-ex Pool-in 

MASS FLOWS 

(thousand tonnes) 

N FLOWS 

(thousand tonnes) 

P FLOWS 

(thousand tonnes) 

RoW Food 42675.7 833.4 117.3 

AG Food 43505.6 569.8 89.7 

MP Food 67713.4 694.0 123.1 

HS.FD HS.HH 40116.6 555.1 82.0 

HS.FD HS.PE 913.8 34.4 10.4 

HS.FD HS.MW 34165.2 200.1 30.4 

HS AG.AH 1496.1 20.7 3.1 

HS.HH  HS.PE 1219.2 3.0 0.1 

HS.HH  HS.HG 

   HS.HG HS 

   HS.FD WS 725.58 7.19 1.68 

HS.HH  WS.LIQ Quantified in waste section 

HS.HH WS.SOL Quantified in waste section 
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3.3.5 Conclusion 

There is plenty of data already available to generally describe flows to and from 

the human & settlement pool, in particular as food waste has become a major 

focus in the Circular Economy strategy (European Commission, 2014), even 

though many data remain at a general level and information on product-specific 

food loss and waste rates is more scarce. 

However, refinement of the data would be desirable to better describe for 

example waste streams differentiated by waste from private households and the 

catering and restaurant industry. 

 

3.4 Waste 

3.4.1 Introduction 

The food waste pool deals with collection and treatment of wastes. We 

distinguish between solid wastes, which can be used for producing compost or 

to produce energy through incineration or just landfilled, and liquid wastes, 

collected in sewage systems and usable also as fertiliser.  

3.4.2 Flows in waste management systems 

Here we include mass flows mainly leaving waste management systems (waste-

solid, waste-liquid) and waste finally lost (waste-waste). Most of the flows 

arriving to the waste management pool were already quantified in the pool of 

origin. Table 17 shows the main flows in the waste pool. As for the other pools, 

emissions from waste management to the atmosphere and/or the hydrosphere 

are not included in the table. 

Table 17: Main flows in the waste module. 

Poolex Poolin Matrix Description Data needs 

AG.MM WS.SOL Manure Manure from housing, 

uncovered yards or 

storage system to 

anaerobic digesters 

Manure produced, share 

used for anaerobic 

digestion 

AG.SM.LAND WS.SOL Biomass Crop biomass (crops and 

residues) to digesters 

Crop yield, cultivated area, 

share of residues, nutrient 

concentration 

WS.SOL AG.SM. LAND Compost Input of nutrients to soil 

in the form of compost 

Amount of organic waste 

(compost) applied to soils, 

nutrient contents 
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Poolex Poolin Matrix Description Data needs 

WS.LIQ AG.SM. LAND Sewage sludge Input of nutrients to soil 

in the form of sewage 

sludge 

Amount of organic waste 

(sewage sludge) applied 

to soils, nutrient contents 

WS WS.WS Biomass 

Waste from which no 

nutrient and/or energy is 

recovered. This includes 

landfill, dispersion of  

biomass in the 

environment, 

incineration without 

energy recovery, etc. 

Statistics on food waste 

not managed in any other 

system. 

AG.MM= manure management, within the agricultural pool; AG.SM.LAND= land, within the soil management subpool; 

WS.SOL = solid waste; WS.LIQ = liquid waste; HY= hydrosphere; AT= atmosphere.  

 

3.4.3 Data needs and availability 

Data needs for the quantification of flows in the waste pool are related to solid 

and liquid waste re-use and losses. We found data for different years and 

member states, collected in several studies. Barth et al. (2008) provide data on 

biowaste compost used as fertilisers by Member State for year 2005, including 

NPK contents.  

Table 18: Amount of separately collected and composted biowaste and green waste in EU27 (1000t) (from 

Barth et al., 2008) 

MS Total 

municipal solid 

waste 

Separately collected (without home 

composting) 

Separately collected 

biowaste 

(% of total 

potential) 

Biowaste Green waste Total 

AT 3,419 546 950 1,496 88 % 

BE 4,874 n.d. n.d. 885 34 % 

BG 3,547 0 0 0 0 % 

CY 554 0 0 0 0 % 

CZ 3,979 10 123 133 9 % 

DE 37,266 4,084 4,254 8,338 52 % 

DK 3,988 38 737 775 66 % 

EE 556 0 0 0 0 % 

ES 25,694 n.d. n.d. 308 5 % 

FI 2,451 350 100 450 57 % 

FR 46,000 300 2,400 2,700 29 % 

GR 4,854 0 2 2 0 % 

HU 4,446 n.d. n.d. 127 8 % 

IE 3,041 52 71 123 20 % 

IT 31,687 2,050 380 2,430 28 % 
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MS Total 

municipal solid 

waste 

Separately collected (without home 

composting) 

Separately collected 

biowaste 

(% of total 

potential) 

Biowaste Green waste Total 

LT 1,295 0 0 0 0 % 

LU 321 n.d. n.d. 52 76 % 

LV 715 0 0 0 0 % 

MT 246 0 0 0 0 % 

NL 10,900 1,656 1,700 3,356 137 % 

PL 9,353 n.d. n.d. 70 1 % 

PT 4,696 24 10 34 2 % 

RO 8,274 0 0 0 0 % 

SE 4,343 125 250 375 28 % 

SI 845 0 0 0 0 % 

SK 1,558 5 68 73 9 % 

UK 35,075 n.d. n.d. 1,872 21 % 

TOTAL 257,947   23598 29.5 % 

 

Lee (2016) provides average nitrogen and phosphorus contents for different 

types of compost, including compost from biowaste, which has 2.15% of N and 

0.79% of P. We take these values for the estimation of N and P flows.  

According to Buckwell and Nadeu (2016), the nutrient content of household 

food waste and retail food waste is not clear but, based on an average gross 

nitrogen content of 2-3%, a phosphorus content of  0.5% and a dry matter of 

25%, they estimate that 88 Mt of biodegradable waste could contain around 

0.55 Mt N and 0.11 Mt P. 

Milieu Ltd. (2010) and Gendebien (2010) provide data on sewage sludge 

produced and estimated share applied to soils, together with N and P contents 

of the sewage sludge applied.  

Table 19: Sewage sludge production and quantities recycled to agriculture in EU27 (from Milieu Ltd., 2010) 

Member State  Year  Sludge 

production 

(t DS) 

Use in agriculture 

(t DS) (%) 

Austria 2006  252,800 38,400 16 

Belgium     

 Brussels region  2006  2,967 0 0 

 Flemish region  2006  101,913 0 0 

 Walloon region 2007  31,380 10,927 35 

Denmark  2002  140,021 82,029 59 
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Member State  Year  Sludge 

production 

(t DS) 

Use in agriculture 

(t DS) (%) 

Finland  2005  147,000 4,200 3 

France  2007  1,125,000 787,500 70 

Germany  2007  2,056,486 592,552 29 

Greece  2006  125,977 56.4 <1 

Ireland  2003  42,147 26,743 63 

Italy  2006  1,070,080 189,554 18 

Luxembourg 2005  8,200 3,780 46 

Netherlands  2003  550,000 34 <1 

Portugal  2006  401,000 225,300 56 

Spain  2006  1,064,972 687,037 65 

Sweden  2006  210,000 30,000 14 

United Kingdom  2006  1,544,919 1,050,526 68 

Bulgaria  2006  29,987 11,856 40 

Cyprus  2006  7,586 3,116 41 

Czech republic 2007  231,000 59,983 26 

Estonia 2005  26,800 3,316 12 

Hungary  2006  128,380 32,813 26 

Latvia  2006  23,942 8,936 37 

Lithuania 2007  76,450 24,716 32 

Malta  Nd  Nd nd 

Poland  2006  523,674 88,501 17 

Romania  2006  137,145 0 0 

Slovakia  2006  54,780 33,630 62 

Slovenia  2007  21,139 18 <1 

Total   10,135,745 3,995,523 39 

 

Table 20: Disposal methods for sewage sludge in EU Member States as percentage (Gendebien, 2010) 

Member State  Year  Agriculture Landfill Incineration Other 

Austria 2005  18 1 47 34 

Belgium      

 Brussels region  2002  32 2 6  

 Flemish region  2005  9  76 14 

 Walloon region  2005  32 6 62  
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Member State  Year  Agriculture Landfill Incineration Other 

Denmark 2002  55 2 43  

Finland  2000  12 6  80 

France 2002  62 16 20 3 

Germany 2003  30 3 38 29 

Greece   >90%   

Ireland  2003  63 35  3 

Italy   32 37 8 22 

Luxembourg  2004  47  20 33 

Netherlands 2006 0  60 40 

Sweden   10-15  2 90-85 

UK  2004  64 1 19.5 15.5 

Bulgaria  2006  40 60   

Czech republic 2004  45 28  26 

Hungary 2006  26 74   

Poland 2000  14 87  7 

Romania  0    

Slovenia 2006  >1 50  49 

Slovakia 2006   17  83 

 

Table 21: N and P content of the sewage sludge (on dry solids) recycled to agriculture (2006) (Gendebien, 

2010): 

Member State  Total nitrogen Total phosphorus 

Belgium 3.9 6.7 

Germany 4.3 3.7 

Spain 4.5 3.6 

Finland 3.4 2.4 

Italy 4.1 2.1 

Portugal 1.7 2 

Sweden 4.5 2.7 

UK 2.8 2.2 

Bulgaria 7.2 4.3 

Cyprus 4.1 4.9 

Czech Rep. 3.6 1.9 

Estonia 4.9 3.4 

Hungry 3 1.4 

Lithuania 2.3 0.9 

Latvia 3.9 1.3 

Poland 0.9 0.6 

Slovenia 3.2 3.9 

Slovakia 3.8 1.8 



SUSFANS 

 

Report No. D3.3 

 

 

47 

 

For the estimation of greenhouse gas emissions from waste and leakage from 

waste water plants, we can apply tier 1 approach from IPCC (2006), using default 

emission factors and the activity data collected. Monier et al. (2010) contains 

some estimations of greenhouse gas emissions per ton of food waste in 

households, retail, food services and manufacturing.  

3.4.4 Example calculation for Germany 

In the example of Germany, we have calculated the mass, nitrogen and 

phosphorus flows. Preliminary results are presented in Table 22. 

Table 22: Results of the quantification of mass, nitrogen and phosphorus flows in the waste pool, example of 

Germany (quantities in thousand tonnes) 

Pool-ex Pool-in 

MASS FLOWS 

(thousand 

tonnes) 

N FLOWS 

(thousand 

tonnes) 

P FLOWS 

(thousand 

tonnes) 

AG.MM WS.SOL 218394 418.93 194.47 

AG.SM.LAND WS.SOL 1498.52 27.70 5.39 

WS.SOL AG.SM.LAND 8338 179.27 65.87 

WS.LIQ AG.SM.LAND 592.6 25.48 21.92 

WS.SOL WS.WS 809.8 34.82 29.96 

 

4 CONCLUSIONS 

Agriculture is significantly contributing to several of the main environmental 

threats including climate change, deterioration of the quality of air, water and 

soil with severe consequences for human health and biodiversity. Yet, a large 

share of the edible part of food that is produced is not finally eaten by people. 

Still, most of the food losses and wastages – both avoidable and unavoidable – 

are not brought back into production, using the nutrient and/or the energy it 

contains. Biomass that is ‘thrown away’ without being used not only increases 

the pressure that our agri-food system exerts on the environment, it might add 

further emissions and environmental consequences. Food, however, is not the 

only outcome of the agri-food systems; indeed a large number of co-products 

are used in other sectors bringing benefit to society, but also contributing its 

share of environmental impact that is associated with agricultural production. 

The analysis of post-farmgate biomass streams is therefore crucial for accurately 

quantifying the environmental impact that is associated with the food that we 

eat. It is also the pre-requisite for identifying opportunities to move into the 

direction of an agri-food system with low emissions and with closed nutrient 

circles. 
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In SUSFANS, we identified a few areas where a full chain life-cycle assessment 

was not yet possible with the tools available. In this report we perform a 

literature review for each of these ‚pools‘ and compile data that can be used in 

‚modules‘ that will be implemented for the SUSFANS toolbox: 

 Slaughterhouses produce meat and a multitude of by-products used in 

industry and for pet food. Data on slaughterhouses are usually confidential 

and scarcely available. However, representative / generic data are available 

from scientific literature enabling a more differentiated assessment of flows 

from the use of animal biomass. 

 Cereals are the largest commodity produced, and cereal processing has a 

large impact on the nutritional quality of the food products they are used 

for. Cereal processing is particularly important for wheat which usually has a 

low extraction rate – thus mainly ‘white flour’ is consumed which has 

considerably lower nutrient contents and other nutritional value than whole 

grain. A shift to higher extraction rates would have important consequences 

on biomass and nutrient streams as well as on the nutritional quality of 

diets.   

 Waste management systems are the ‘reactors’ upgrading waste to biomass 

products that can be re-used productively, yet the share of municipal 

biowaste collected is low or very low in most countries, as well as the share 

of sewage sludge used in agriculture. 

 Consumers make the final decisions how much of the food they buy they 

are going to eat and what the destination is of the un-eaten part. Accurate 

and robust data on the consequences of these decisions might help them 

making better choices in future. 
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6.2 ANNEX 2 

 


