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Vedr. bestillingen ”Fakta-ark af DCA-rapport 093 ”Green biomass – pro-
tein production through bio-refining”. 

 
Landbrugs- og Fiskeristyrelsen har i bestilling dateret d. 21. juni 2017 bedt DCA – 
Nationalt Center for Fødevarer og Jordbrug – om levering af et kort abstract vedrø-
rende ” Green biomass – protein production through bio-refining”.  
 
Besvarelsen er udført af Sektionsleder John Erik Hermansen, Institut for Agroøkologi, 
Aarhus Universitet og fagfællekommenteret af Seniorforsker Uffe Jørgensen, ligeledes 
fra Institut for Agroøkologi, Aarhus Universitet 
 
Besvarelsen er udarbejdet som et led i ”Aftale mellem Aarhus Universitet og Fødeva-
reministeriet om udførelse af forskningsbaseret myndighedsbetjening m.v. ved Aarhus 
Universitet, DCA – Nationalt Center for Fødevarer og Jordbrug” uden at være omfattet 
af arbejdsprogrammet for Ydelsesaftalen Planteproduktion.  
 
Venlig hilsen 
 
Lars Bødker 
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Green biomass – protein production through bio-refining 
 
Forfatter 
Sektionsleder John Erik Hermansen, Institut for Agroøkologi, Aarhus Universitet 
 
Bestilling 
Der ønskes et kort faktuelt fakta-ark på engelsk af DCA rapport no. 093 ”Green biomass – protein 
production through bio-refining” i et ikke-teknisk sprog. Der ønskes særligt fokus på en kort 
beskrivelse af den praktiske proces (hvad sker der i et bioraffineringsanlæg), mens hovedfokus skal 
være på 1) at skabe overblik over effekter ved ændret arealanvendelse (CO2 emissioner, 
kulstofopbygning, kvælstof, biodiversitet, udbytte), samt 2) effekter ved anvendelse af de produkter der 
er resultatet af raffineringsprocessen. Det er forventningen, at abstractet skal fylde ca. 2 sider. Fakta-
arket skal give læseren et overblik over rapportens væsentligste konklusioner med nøgletal ift. 
potentialer. 
 
Besvarelse 
Green biomass – protein production through bio-refining  
 
Utilization of grass and grass-clover for producing high quality feed proteins has been proposed as a 
mean to substitute other protein sources for monogastric animals and at the same time obtain 
environmental benefits when the production of green biomass substitutes cereal production. In a recent 
report, the state of art for the development of such new concept has been described.  
 
The overall idea is that fresh grass is harvested and mechanically pressed, whereby the biomass is 
separated into grass juice and a fibre- rich fraction. The fibre fraction can be used for feed for 
ruminants, as feeds stock for biogas production, or further refined into building blocks for biomaterials. 
The juice contains approximately half of the original protein from the grass and this protein is 
precipitated, whereby a paste containing more than 40 % protein in dry matter can be produced and 
used as high quality protein for monogastrics. The residual liquids contains mainly sugars and minerals 
and can be used for biogas production and the ‘biogas slurry’ afterwards used as fertilizer. Main 
conclusion are:  
 
Biomass and protein production on arable land  
Biomass and protein yield of different crops depend very much on soil type, climatic conditions and  
fertilization with N. Across soil type and type of cereal in Denmark, replacing cereals with grass-clover 
with no N application on arable land produces almost the double amount of protein per ha with slightly 
lower biomass production per ha. Highly fertilized grass may produce triple amount of protein and 40 
% more biomass per ha. In general, the protein yield for non-clover grass increases significantly with 
increased N fertilization without impairing protein quality. 
 
 
 



Nitrogen leaching from arable land  
The leaching of N from the root zone is significantly reduced when replacing a cereal crop with grass 
or grass-clover. It is estimated that the leaching can be halved by replacing a cereal crop with highly 
fertilized grass and further halved when replaced by non-fertilized grass-clover. However, the total 
crop rotation leaching depends very much on the age of the grassland, when reseeding, and the use of 
catch crops after ploughing under a grass sward. 
 
Emissions of greenhouse gasses in different crop types 
The emissions of greenhouse gasses depends on emissions of nitrous oxides and carbon storage in the 
soils, which depends on type of crop and rate of N fertilization. Emissions of nitrous oxides is much 
lower in non-fertilized grass-clover that in fertilized cereals and grasses. Both grass-clover and 
fertilized grasses results in soil carbon storage. Considering these effects together, it is estimated that 
non-fertilized grass-clover compared to cereals results in a reduction of approximately 3 ton CO2 eq 
per ha, while the same number for highly fertilized grass is approximately 1 ton CO2 per ha, the number 
being reduced with increasing level of fertilizer. 
 
Biomass and protein production on non-productive areas  
Grass from unfertilized permanent grassland may represent an opportunity if focus is on the fibre part 
of the grass. However if focus is on the protein part, it is required that the permanent grass is fertilized 
with nitrogen, which in some cases may counteract other environmental and nature issues. 
 
Pesticides and biodiversity   
Due to the fewer natural pests, grasses require fewer pesticides compared to cereals. Perennial grasses 
grown for industrial purpose pose rather low environmental risk in relation to pesticide pollution of 
soils and water. In Denmark, the average pesticide treatment index for grass is typically less than 1/10 
of the average agricultural crops. While not documented in this particular report it is well-known that 
number of vascular plant species per area unit, which can be used as an indicator of biodiversity, is 
reduced when going from non-fertilizes mixed grassland, to fertilized grassland, and further reduced 
in cereals. 
 
Efficiency of the bio- refining process 
It is estimated, that by the present technology for bio-refining 45% of the protein present in the green 
biomass can be recovered in a protein concentrate paste having protein content in the range of 47% of 
dry matter, similarly to the protein content of soybean meal. This efficiency, however, remains to be 
documented in larger scale investigations.   
 
Feeding value of protein paste for pigs and poultry  
The feeding value of the proteins produced depends among others on the amino acid profile of the 
material. The amino acid profile of the extracted protein is very similar to soybean meal in most cases. 
A particular benefit is the higher proportion of the essential amino acid methionine compared to lysine 
which in particular in poultry production makes it easier to fulfil the nutritional requirement. 
Preliminary results based on a lab-scale technology shows a high digestibility of the protein. It remains, 
however, to be documented in production trials that the green protein concentrate results in the same 
performance results as traditional protein 
 



Feeding value of the fibre fraction for ruminants 
Around half of the crude protein is located in the pulp, and the composition of amino acids in this 
fraction are similar to the composition in the whole plant. Since a considerable proportion of the protein 
retained in the pulp is expected to be fibre-bound, the pulp is expected to be suitable for ruminants. 
Laboratory investigations showed that the digestibility for ruminants of the pulp was not markedly 
different from that of the fresh material, which indicates that the material is well suited for ruminants. 
 
Large scale implementation 
There are major uncertainties in the economic assessment of establishing a full-scale bio-refinery based 
on the concept mentioned above. Major obstacles are transportation costs and uncertainty in running 
cost for the bio-refinery. At the national scale, it is estimated that there are obvious bio-technical 
options to produce green biomass that in turn can cover 25% of the Danish need for imported feed 
protein. Within the organic sector, it is estimated that there are options to produce feed protein based 
on green biomass to cover three times the nutritional requirements for the Danish organic pig and 
poultry sector, thus representing a possibility for export. 
 
More information in: 
Green biomass - protein production through bio-refining.  Hermansen, JE. ; Jørgensen, U. ; Lærke, PE. ; 
Manevski, K. ; Boelt, B. ; Jensen, SK. ; Weisbjerg, MR; Dalsgaard, TK.; Danielsen, M. ; Asp, T.; Ambye-Jensen, 
M. ; Sørensen, C-AG.;  Jensen, MV.; Gylling, M. ; Lindedam, J. ; Lübeck, M.; Fog,E. . 
DCA - Nationalt Center for Fødevarer og Jordbrug, 2017. 72 s. (DCA Rapport; Nr. 93) 
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