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• PEF and PEFCR

• Grass Protein Concentrate producers

• Compound Feed Producers

• PEF and policy decision making
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Græs-Prof project:
WP 5 – Environmental Footprint

• PEF of organic clover grass protein 
concentrate

• PEF of compound feed with organic 
clover grass protein concentrate 
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Product 
Environmental Footprint
&
Product Environmental
Footprint Category Rules
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Product Environmental Footprint

https://ec.europa.eu/environment/eussd/smgp/ef_pilots.htm

• Developed by European Commission’s Joint Research 

Center (JRC) 

• Measures the environmental performance of any service 

or good throughout its Life Cycle.

• Ensure that environmental impacts are transparently 

assessed and, in the end, of course; reduced.

• Strengthen the European market for green alternatives.

https://ec.europa.eu/environment/eussd/smgp/ef_pilots.htm
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Revised recommendation 
on the use of EF methods

In December 2021, the Commission adopted 
a revised Recommendation on the use of 
Environmental Footprint methods, helping 
companies to calculate their environmental 
performance based on reliable, verifiable and 
comparable information.

https://environment.ec.europa.eu/publications/recommendation-use-
environmental-footprint-methods_en

https://environment.ec.europa.eu/publications/recommendation-use-environmental-footprint-methods_en
https://environment.ec.europa.eu/publications/recommendation-use-environmental-footprint-methods_en
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https://wayback.archive-it.org/org-1495/20221004164603mp_/https:/ec.europa.eu/environment/eussd/smgp/PEFCR_OEFSR_en.htm

• 25 product categories 
• 2 organization sectors

Product Environmental Footprint Category Rules

https://wayback.archive-it.org/org-1495/20221004164603mp_/https:/ec.europa.eu/environment/eussd/smgp/PEFCR_OEFSR_en.htm
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In-house 
application

• optimisation of processes along the life cycle of a product

• support to environmental management

• identification of environmental hotspots

• support for product design minimising environmental impacts

• environmental performance improvement and tracking

External 
Application

• responding to customers and consumers demands

• participation in 3rd party schemes related to environmental claims

• green Procurement

• comparisons and comparative assertions

• comparison and comparative assertions against the benchmark of the product

Applications of PEF studies with/without an existing PEFCR 
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PEF organic clover grass protein 
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PEFCR Feed for Food Producing Animals

PEFCR scope is CPA 10.91  “Manufacture of prepared feeds for farm animals (Eurostat ISSN 1977-
0375)”
• manufacture of prepared feeds for farm animals
• preparation of unmixed (single) feeds for farm animals
• treatment of slaughter by-products to produce animal feeds and explicitly excludes:

• production of fishmeal for animal feed, CPS 10.20
• production of oilseed cake, CPA 10.41
• activities resulting in by-products usable as animal feed without special treatment

CPA: Classification of Products by Activity
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Goal of study

Source:
https://rdtestsystems.com/insights/denmarks-first-grass-protein-factory-is-now-in-operation/

• Protein Concentrate produced from 
organic clover grass

• Product of Assumgaard Biorefinery

• GPC with 90% dry matter

• Crude protein content of 47%

• Dried and ready to deliver to compound 
feed producers

Note: Early assessment as process still needs to 
optimized

https://rdtestsystems.com/insights/denmarks-first-grass-protein-factory-is-now-in-operation/
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System boundary & life cycle stages
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Assessment requirements, modeling approach/assumptions
• Direct land use change shall be taken into account in the PEF studies. GHG emissions and 

removals arising from land use change (e.g. from grass land to annual crop) occurring not more 
than 20 years.
• Assumption: Lands are under cultivation for more than 20 years.

• Soil Carbon Stock shall be excluded from the results, e.g. from grasslands or improved land 
management through tilling techniques or other management measures taken related to 
agricultural land.

• The agricultural inputs (e.g., manure, seeds, irrigation water) for cultivation stage shall be 
modeled under steady state of production. A period of at least 3 years shall be used. 
• Modeling approach: Average of 3 years was considered as steady state production.
• Modeling approach: No watering at Ausumgaard. Irrigation is excluded from the basis 

calculation. It was considered as part of a sensitivity calculation.
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• Farm rotation shall be included. 
• Modeling approach: Grass-clover seed is undersown in cereals and the next two years the 

grass-clover is cut six times during the season. 

• CO2 emissions related to application of all products containing fossil carbon (CO2 emissions 
from lime and peat are considered 100% fossil).
• Modeling approach: 1.5 t/ha every fifth year equal to 233 kg lime/ha.yr as realistic.

• Default emission factors for N and P-based emissions can be used when a more comprehensive 
field emission model is not available. 
•  Modeling approach: Emission factors differentiated synthetic and organic fertilizers.
• NH3 (organic fertilizers) = 0.24 kg NH3 / kg N organic fertilizers applied to air 
• (NH3 for synthetic fertilizers = 0.12 kg NH3 / kg N fertilizers applied).
• N2O (organic and synthetic fertilizers) = 0.022 kg N2O/kg N applied to air
• NO3

- (organic and synthetic fertilizers) = 1.33 kg NO3
- / kg N applied to water

Assessment requirements, modeling approach/assumptions
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• Allocation shall be applied between main product (GPC) and by-products (i.e., fiber and brown 
juice):
• Modeling approach: Economic allocation was applied. 
• Allocation factors: 74% to GPC, 7% to Brown juice, 19% to Press cake.

Assessment requirements, modeling approach/assumptions
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Life Cycle Inventory Data – Reference flow 1 tonne GPC

Open access article under the CC BY license 
(http://creativecommons.org/licenses/by/4.0/)
https://doi.org/10.1016/j.scitotenv.2023.162858

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.scitotenv.2023.162858
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Impact categories, normalization, and weighting
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GHG emissions

• ~1090 kg CO2,eq / tonne GPC
• Cultivation stage 63%
• Biorefinery and drying 37%
• For the farm stage:

• Emissions from application of slurry
• Emissions from Fuel combustion
• CO2 emission after lime application

• For the Biorefinery and drying stage:
• Emissions related to in-bound transportation
• Emissions from drying process (natural gas 

combustion)

• In case of irrigation (75 m3 /ha.yr) ~1117 kg CO2,eq 
/ tonne of GPC

Cultivation stage Biorefinery stage
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PEF GPC vs. soy and soy meal

• The units are per 1 ton of GPC, 917.73 kg soybean meal, and 1204.3 kg soybean, based on their 
average crude protein content.

• Soybean meal: DM of 88%, CP of 52% of DM (ranging from 47 to 55%)
• Soybean: DM of 89%, and CP of 40% of DM 
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System boundary & life cycle stages

• Primary data shall be 
collected for outbound 
transport (i.e. feed delivery 
to the livestock or fish farm).
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Data Source – Primary data vs. Secondary data

Situation 1:
• Processe run by the company (i.e., 

compound feed producer) applying 
PEFCR
• Option 1: For all process provide 

company-specific data 
• Option 2: Only for most relevant 

process provide company-specific 
data and for other process use 
default secondary dataset. 
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Data Source – Primary data vs. Secondary data

Situation 2:
• Process not run by the company 

applying the PEFCR but with access to 
(company-)specific information
• Option 1: Company-specific data 

for all processes.
• Option 2: Use company-specific 

data for transport (distance), and 
substitute electricity mix and 
transport with supply-chain 
specific PEF compliant datasets. 
For the rest use default dataset.
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Data Source – Primary data vs. Secondary data

Situation 3:
• Process not run by the company 

applying the PEFCR but without access 
to (company-)specific information
• Use default secondary dataset in 

aggregated form. 
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Data Source – Primary data vs. Secondary data

• Secondary 
data

• Primary data
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Assessment requirements, modeling approach/assumptions

• Feed materials, additives, and pre-mixture materials
• Nutritional analysis
• Energy consumption in feed mill operation
• Inbound and outbound transportation
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Compound Feed Formulation

• Two compound feed formulations for egg-laying hens are considered; Standard compound feed and 
compound feed with GPC. 

• GPC contributes to 2% of the modified compound feed substituting part of the soybean meal in the 
standard feed.
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Limitations

• PEF-compliant secondary datasets on organic ingredients for organic compound feeds.
• Modeling approach: PEF on compound feed was done a practice while the results cannot be further used or 

interpreted for organic compound feeds.

• For comparative studies, a cradle-to-gate study may not necessarily be sufficient to capture all potential 
consequences.
• Situation 1: the nutritional value or composition of the feed changes in a way that affects the production 

performance of food producing animals.
• Situation 2: the chemical composition of the feed changes so that it affects the environmental performance 

of the farming systems where the feed is consumed. 
• Modeling approach: We assumed that two feed compounds would have similar responses in animals (or 

insignificant differences).
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PEF of compound feed with/without GPC

• Other feed ingredients, including maize grain, wheat grain, 
and sunflower seed meal are the main contributors to the 
environmental footprint of compound feed with GPC.

• In 12 out of 19 impact categories, including 
climate change, compound feed with GPC had 
lower environmental footprint. 

• The Climate change impact of compound feed 
with GPC was 12.7% lower than standard feed.
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Unseen aspects in PEF studies
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Remaining gaps from PEF studies

• Final use of side streams (i.e., brown juice and press fiber) is not accounted for due to 
economic allocation for by-products.

• Carbon sequestration is not included
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• Bulky materials 
for animal feed

• Press cake used as 
bulky material for 
animal feed

GWP: 1873 kg 
CO2,eq/ton GPC 

GWP: 903 kg 
CO2,eq/ton GPC 
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• Carbon sequestration:
• First 20 years of land transformation 

• First 15 years: 0.27 Mg-C per ha per year
• 15 to 20 years: 0.47 Mg-C per ha per year

• After 20 years: No sequestration due to new carbon balance in the soil 

https://doi.org/10.1038/s41467-019-08636-w

https://doi.org/10.1038/s41467-019-08636-w
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• A comparative analysis of global 
warming potential associated with 
clover grass protein concentrate and 
soybean meal, based on 1 tonne of 
crude protein from each source.

• The assessment considers land use 
change impacts for the 1. first 
20 years and 2. after 20 years. 

• S stands for soybean meal; PO stands 
for soybean meal in loop with palm 
oil. RO stands for soybean meal in 
loop with rapeseed oil.

https://www.sciencedirect.com/topics/earth-and-planetary-sciences/global-warming-potential
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/global-warming-potential
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• PEF study showed that organic clover grass protein produced by a biorefinery in DK 
has lower EIs than average soy and soybean meal production. 

• The environmental sustainability of protein concentrate from leafy biomass will 
depend on use of side streams, market mechanisms, and land transformation. 

• The environmental sustainability of alternative feed protein sources shall be assessed 
based on different temporal scope and under various future socio-economic changes. 

Key findings of the consequential LCA
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PEF outlooks within feed protein market

1. PEF certification (requirements and challenges)
2. PEF tool
3. Digital passport for PEF certified products such as grass protein concentrate and 

compound feeds
4. Alignment with GFLI carbon footprint model
5. PEF of protein concentrate produced from other leafy biomass



This presentation is part of the Græs-Prof project. This project has 
received funding from GUDP (Case number: 34009-19-1591)

https://doi.org/10.1016/j.scitotenv.2023.162858 https://doi.org/10.1016/j.scitotenv.2023.167943

https://doi.org/10.1016/j.scitotenv.2023.162858
https://doi.org/10.1016/j.scitotenv.2023.167943
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Supplementary information
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https://doi.org/10.1038/s41467-019-08636-w

https://doi.org/10.1038/s41467-019-08636-w
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• The average annual rate of C storage in soils, as quantified by ΔC/Δt (units of Mg of C ha−1 y−1), was greater in the 
second period (13–22 years) of the experiment than in the first period (1–13 years; Fig. 1a, b). 

• These accelerating rates of soil C sequestration were apparent for both the 0–20 cm depth soil profile



This presentation is part of the Græs-Prof project. This project has received funding from GUDP (Case number: 34009-19-1591)



This presentation is part of the Græs-Prof project. This project has received funding from GUDP (Case number: 34009-19-1591)



This presentation is part of the Græs-Prof project. This project has received funding from GUDP (Case number: 34009-19-1591)



This presentation is part of the Græs-Prof project. This project has received funding from GUDP (Case number: 34009-19-1591)



This presentation is part of the Græs-Prof project. This project has received funding from GUDP (Case number: 34009-19-1591)



This presentation is part of the Græs-Prof project. This project has received funding from GUDP (Case number: 34009-19-1591)



This presentation is part of the Græs-Prof project. This project has received funding from GUDP (Case number: 34009-19-1591)

https://doi.org/10.1016/j.livsci.2022.105135

https://doi.org/10.1016/j.livsci.2022.105135
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