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Introduction 
Growing and harvesting of green forages requires a number of different machines to carry out the 
sequence of events occurring from initial crop establishment to mowing, harvesting and transporting 
the crop several times per year over multiple years. Many of these processes can have direct or 
indirect effects on the loss of dry matter, ensiling quality, silage density, nutritional quality and on 
energy use. Thus, it is  important to view the effect of implemented changes throughout the 
production chain as a benefit or a loss, which may be counteracted elsewhere (Lehmann et al., 
2017). 

Green forages are in the traditional ensiling process mechanically treated several times during 
events including swathing, raking and chopping, all leading to loss of dry matter including nutrients 
and energy. There are several alternatives to this process that at present are investigated aiming to  
reduce these loses, but also to improve the value of the green forage by increasing the digestibly 
and/or separate the protein and fibre fraction. In the simple form it is a physical treatment, of the 
green forage before ensiling, which may influence silage quality and feeding value through direct or 
indirect effects on fermentation characteristics (type 1). More advanced technologies are used after 
separation of protein and fibre in the forage in order to increase the value of the forage. Protein 
production in kg per area is high in green forage compared to pulses like fava beans, peas and 
lupines. If protein from forage can be separated and upgraded it can be used as replacement for soy 
in feeding mono gastric, while the fibre can still be used for ruminants. Technologies investigated is 
separation before ensiling of the fibre part, pulp, of green forage (type 2), and separation after 
ensiling of the silage (type 3).  Additional handling and technologies induces extra costs related to 
investment, workload and increased energy use and might open for alternative risks of losses 
compared to traditional ensiling. Some of the expected benefits includes harvesting security, higher 
density of the silage and improved digestibility of the fibre as well as the value of the protein 
fraction compared to soy, counterbalance the cost. 

Table 1. Generalisation of the typical level and range of dry matter (DM) loss in % of DM caused by different 
sources during harvest and conservation of grass and legume crops (from Lehmann et al., 2017). 
 
  Grass Legumes 
Type of loss  Range Typical Range Typical 
Respiration1  2-8 5 1-7 4 
Rain damage2, 5 mm  1-3 2 3-7 5 
Rain damage2, 25 mm  4-14 8 7-27 17 
Mowing and conditioning  1-2 1 1-4 2 
Tedding  1-3 1 2-8 3 
Raking  1-20 5 1-20 5 
Baling (round bale)  3-9 6 3-9 5 
Chopping  1-8 3 1-8 3 
Hay storage (inside)  3-9 5 3-9 5 
Silo storage (bunker)  10-16 12 10-16 12 

 

1Respriation includes plant and microbial respiration for crop cured without rain damage. 
2Rain damage includes leaf loss, nutrient leaching and microbial respiration resulting from rain damage. 
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There is no direct comparison of the different technologies, but in order to give an idea about the 
effect of the different technologies,  results from Danish and Swedish studies within technologies are 
shown in tables 2 and 3. 

Table 2. The effect of the different new technologies in the green forage handling – part of dry 
matter and protein in each fraction 

Tech-
type 

Source Green Silage Pulp PulpX
2 

Protein 
juice 

Brown 
juice 

Sum 

Part of dry matter, % 
Type 1 Hansen et al. 

2021 
100 100      

Type 2 Damborg  et al. 
2020 

100  60  14 18 92 

Type 3 Sousa et al. 2022 
Åkerfeldt et al. 
2022   

 100 851)  151)  (100) 

Part of protein, % 
Type 2 Damborg et al. 

2020 
100  57  22 14 93 

Type 3 Sousa et al. 2022 
Åkerfeldt et al. 
2022  

 100 701)  191)  89 

1) Calculated in this report, DM based on sum =100, protein from content in each part. 
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Table 3. The effect of the different new technologies – protein and ash content of dry matter and 
digestibility of dry matter. 

Tech-type Source Green Silage Silage - 
treated 

Pulp PulpX2 Protein 
Juice 

Brown 
juice 

Protein, % of DM 
Type 1 Hansen et al., 

2021 
 18.8 19.7     

Type 2 Hansen et al., 
2022 

 18.2  18.7 18.8   

 Stødkilde et 
al 2020 

     36.2  

 Stødkilde et 
al 2021 

     45.8  

 Damborg et 
al., 2020 

21.4   20.4  35.0 17.5 

 Damborg et 
al, 2019 

 16.1  17.9  33.2  

Type3 Sousa et al 
2022 & 
Åkerfeldt et 
al 2022 

 13.8  11.5  16.2  

Ash, % of DM 
Type 1 Hansen et al., 

2021 
 8.3 8.7     

         
Type 2 Hansen et al. 

2022 
 9.8  6.4 3.8   

 Stødkilde et 
al 2020 

     8.8  

 Stødkilde et 
al 2021 

     12.1  

Type 3 Sousa et al 
2022 & 
Åkerfeldt et 
al 2022 

 8.6  6.2  12.4  

DOM, % 
Type 1 Hansen et al., 

2021 
 77.4 77.8     

Type 2 Damborg et 
al 2019 

 73.2  71.6  86.9  

Type 3 Sousa et al 
201 

 79.2  74.9  86.9  
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Many different leafy plant materials can be used for green protein production. Damborg et al. (2018) 
have shown that the effect of processing on pulp nutrient content and digestibly is variable across 
some typical plant species (table 4). 

Table 4. Differences between plant species in content and digestibly of the entire plant and pulp 
fraction  (from Damborg et al., 2018)  

 

Proteins extracted from green biomass generally have a good amino acid composition. However, 
both the nutritional value and the functional properties of the leaf protein are highly affected by 
processing conditions during protein production. The production of high quality protein results in 
side streams such as fibrous pulp and brown juice, and these fractions needs to be valorized in order 
to make the green biorefinery process more sustainable and economically feasible (Møller et al., 
2021). 

Swedish case – Type 3 technology 
Grass ley in organic production with a mixture of timothy (Phleum pratense), meadow fescue 
(Festuca pratensis), English ryegrass (Lolium perenne), red clover (Trifolium pratense) and white 
clover (Trifolium repens). Three annual cuts, application of manure or other type of organic fertilizer. 

Processing of silage  
The green crop was pre wilted  in the field for a few hours to 25-30% DM and was cut with a forage 
harvester and chopped to a 20-30 mm particle size. A silage additive with formic acid and propionic 
acid was added to the chopped fresh matter. The green crop was ensiled in a bunker silo and stored 
for two months before opening of the silo. The silage, as a mix of first cut with either second or third 
cut, was then included in a bio-refinery system at Sötåsen Agricultural High School and comprised of 
fractioning of the silage by screw press technique into a liquid and solid fraction. The liquid fraction 
was collected continuously in buckets and stored in a cooler (for a maximum of 5 days) at 4° C until 
fed as juice (Pig), while the solid fraction, pulp, was feed to dairy cows. The farm at Sötåsen is in 
organic production. 

Based on the information in Åkerfeldt et al. (2022) and Sousa et al. (2022) about dry matter content 
of silage, pulp and juice, a mass balance is calculated, table 5. Showing that 56% of the wet kg and 
85% of the dry matter from silage is in the pulp fraction. For protein, 21% of the total in pulp and 
juice is in the juice fraction. 
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Based on the content of protein and NDF given for either pulp or juice  the kg of protein and NDF are 
calculated, and compared to the amount in the silage. The sum of protein in pulp and juice is, 12% 
lower than in the silage, while the sum of NDF is 13% higher.  

Table 5. Mass balance – based on the content given by Åkerfeldt et al. (2022) for protein juice and by 
Sousa et al. (2022) for silage and pulp. 

 
Silage Pulp Juice 

kg 1000 558 442 
DM, kg 310 262 48 
Protein, kg 43 30 8 
NDF, kg 142 154 7 
Information from dairy (Sousa et al (2022) and pig (Åkerfeldt et al (2022) feeding 
DM % 31 47 10.8 
Prot, % 13.8 11.5 16.2 
NDF, % 45.7 58.9 14.3 

 

Production value 
In this report, the focus is on the production value of the fraction as a result of treatments during 
grass production. For more detailed information about chemical composition, digestibility ec. is 
given in the papers 

Feeding – pigs 
Based on the information given in the paper 
Silage juice in diets to weaner pigs. 2022. Magdalena Presto Åkerfeldt1*, Johanna Friman1, Frida 
Dahlström2, Anne Larsen2 and Anna Wallenbeck3 

 
Diets and feeding 
At the start of the study, the pigs, live weight 14 kg, were allocated to one out of two dietary 
treatments, either a control diet (C) or an experimental diet with silage feed juice (SFJ). Each 
production batch included two pig groups receiving the C-diet and two pig groups receiving the SFJ-
diet, thus, in total eight replicates per dietary treatment were included in the study. The C-diet 
consisted of a commercial feed for finishing pigs, mixed with water prior to feeding. The SFJ-diet 
consisted of a lower ration of the same commercial feed as in the C-diet but mixed with SFJ instead 
of water. The amount of juice was calculated to theoretically replace 10% of the dietary CP content. 
 
Over the period of 33 days the live weight gain was identical, 480 g / day, in the two groups. Intake 
of commercial feed was 10% reduced in the juice group compared to control, while intake of juice 
was identical to intake of water in the control group. 
 
Intake and production per pig daily is given in table 6.  
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Feeding – Dairy 
Based on the information given in the paper 
Milk Production of Dairy Cows Fed Grass-Clover Silage Pulp. 2022. Sousa, D.; Larsson, M.; Nadeau, E.  
Agriculture, 12, 33. https:// doi.org/10.3390/agriculture12010033 
 

Diet and feeding 
Seventy-two lactating cows were used in a completely randomized block design. At the beginning of 
the experiment, the average (mean ± SD) MY was 32.9±11.8, ECM 35.3±8.8, DIM 169±117 and parity 
were 2.1±1.1. The weight of the cows was 669±122 kg and BCS was 2.8±0.3. Cows were blocked based 
on the lactation number, DIM and ECM yield and randomly assigned to two groups and kept in a loose 
housing system, one group receiving pulp-baseddiet and the other group receiving silage-baseddiet. 
The experiment lasted for 120 d with cows receiving the assigned diet continuously. Diets were 
formulated following the recommendations for an organic production. Cows with DIM from 1 to 100, 
received 60.7 and 49.9% of forage and cows with DIM from 101 to 365, received 73 and 60.2% of 
forage (DM basis) for silage and SP groups, respectively. Silage and pulp were mixed with the minerals 
in separated TMR and delivered to each group twice a day. Concentrates, based on cereals, fava beans 
and commercial mix, were individually fed in automatic feed stations. 
 
Daily total dry matter intake was lowest, 20.2 kg in the pulp group compared to 22.2 kg in the silage 
group. Concentrate proportion was highest 47.5% in the pulp group compared to 37.8% in the silage 
group leading to 8.4 kg dry matter as concentrate in the silage group and 9.6 kg dry matter in the pulp 
group. Milk production was significantly lower, 32.5 kg ECM in the pulp group compared to 37.0 kg 
ECM in the silage group as daily average of the experimental period. 
Daily intake and production per cow is given in table 6.  
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Results – dairy and pigs 
 
Table 6. Summary of Swedish dairy and pig trials comparing traditional feeding with feeding based 
on pulp and protein juice from physical separation to either dairy or pigs, per animal daily.  

Dairy 
 

Pig 
Treatment Silage Pulp 

 
Commercial Juice 

Daily intake, kg DM      
Silage 13.70 

    

Pulp 
 

10.80 
   

Juice 
    

0.18       

Barley 2.07 1.92 
 

0.09 0.08 
Wheat 2.07 1.92 

 
0.50 0.45 

Oats 
   

0.09 0.08 
Soybean meal 1.08 1.03 

 
0.14 0.12 

Soy expeller 1.37 1.31 
 

0.00 0.00 
Rapeseed cake 0.33 0.31 

 
0.00 0.00 

Molasses 0.10 0.09 
 

0.00 0.00 
Faba bean 1.26 3.03 

 
0.00 0.00 

Potato protein 
   

0.05 0.05 
Sum 21.98 20.43 

 
0.86 0.96 

  hereof concentrate 8.28 9.63 
 

0.86 0.78 
Daily production 

     

Milk, kg ECM 37.0 32.5 
   

Gain, kg 
   

0.48 0.48 
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On farm results 
The effect on farm economic and climate impact by change towards a feed supply based on pulp and 
protein from the Swedish technology 3 method has been estimated. Livestock feeding and 
productivity is based on the results from the experiments summarized in table 6, and productivity 
and climate impact of on-farm crops are based on yields from organic farming in Denmark, cost and 
value of milk and meat estimated from Danish standards for organic products, all listed in table 7. 

Table 7. Crop yield, production cost and carbon footprint (CF) – organic dairy typical figures year 
2020-21.   

Source Yield, 
kg DM  

Cost, 
dkr 

CF, kg 
CO2 eq. 

Reference 
 

 Per ha Per kg DM Yield Cost CF 
Grass-clover silage 6864 1.17 0.301 Mogensen 

et al., 2018) 
1) Mogensen et 

al., 2018 
Pulp (85% of DM, 79% 
of protein)) 

5834 1.20 0.290 Allocation 
based on 
DM mass 

 

Allocation 
based on 
protein 
mass 

Allocation 
based on 
protein mass 
 

Juice 1030 1.75 0.440 

Barley 3164 1.81 0.512 Andersen et 
al. 2022 

2) Andersen et 
al. 2022 

Wheat 2994 2.17 0.650 Andersen et 
al. 2022 

2) Andersen et al. 
2022 

Oats 3145 1.73 0.496 Andersen et 
al. 2022 

2) Andersen et al. 
2022 

Soybean meal import 6.50 0.645  1) Mogensen et 
al., 2018 

Soy expeller import 2.15 0.468   33% of 
soy meal 
3) 

Mogensen et 
al., 2018 

Rapeseed cake (49% 
of seed DM) 

1350 6.50 0.431 Andersen et 
al. 2022 

2) Andersen et 
al. 2022 

Molasses import 1.36 0.379  75% of 
barley 3) 

Mogensen et 
al., 2018 

Faba bean 2755 3.25 0.281 Andersen et 
al. 2022 

2) Andersen et 
al. 2022 

Potato protein import 12.00 1.19  3) 3)  
 Value   Value  

ECM, per kg  3.44   1)  
Pig, per kg pr gain   17.36   1)  

Reference: 
1) https://farmtalonline.dlbr.dk/Grid/uiGrid.aspx?Farmtal=155&ViewType=View&Start=01-01-

2011&Slut=01-01-2022 
2) https://www.dlg.dk/Oekologi-/Marken/Afgroede-afsaetning 
3) Estimated based on economic value used by Mogensen et al. (2018) 

 

https://www.dlg.dk/Oekologi-/Marken/Afgroede-afsaetning


10 
 

The cost for handling and processing of the silage into pulp and juice was set to be 10% of the 
traditional silage, which lead to a total cost of 1.29 dkr pr kg DM (1.17+ 0.12=1.29). The cost of pulp 
and juice is based on split of the dry matter with 85% into pulp and spilt of the protein with 79% into 
pulp – after correction to 100 % in total (table 1), and the protein mass used to allocate the cost. 

Pulp:  6864*1.29*0.79 / 6864*0.85 = 1.20 dkr / kg DM 

Juice: 6864*1.29*0.21 / 6864*0.15 = 1.81 dkr / kg DM 

The carbon footprint of silage was added 5% due to extra energy for processing and handling, and as 
for the cost allocated based on protein mass. 

Pulp: 6864*0.301*1.05*0.79 / 6864*0.85 = 0.290 kg CO2 eq. / kg DM 

Juice: 6864*0.301*1.05*0.21 / 6864*0.15 = 0.440 kg CO2 eq. / kg DM  

Table 8. Estimated daily economic turn over (income, cost and gross margin), climate impact due to 
feed production and the area needed in total and on farm for two types of feed supply in dairy and 
pig farming. 

 
Dairy cow Piglet 

Treatment Silage Pulp % Commercial Juice % 
Economic turn over per animal 

Income, dkr per day 127.28 111.80 88% 8.33 8.33 100% 
Cost, dkr per day 40.60 42.14 104% 2.85 2.93 103% 
Gross margin, dkr per day 86.68 69.66 80% 5.48 5.40 98% 

Climate impact from feed production 
CF, kg CO2 eq. per day 8.40 7.67 91% 0.56 0.59 105% 
CF, kg CO2 per kg DM 0.38 0.38 98% 0.65 0.61 94% 
CF, kg CO2 eq. per product 0.23 0.24 104% 1.17 1.22 104% 

Area needed for feed production 
Total area, m2  43.48 41.18 95% 2.60 2.39 92% 
On farm area (roughage & 
grain), m2 

33.41 24.95 75% 2.24 2.07 92% 

area , m2 per kg product 1.18 1.27 108% 5.42 4.97 92% 
on farm area, m2 per kg 
product 

0.90 0.77 85% 4.67 4.31 92% 

 

The results in table 8 show for both dairy and piglets a reduction in the gross margin changing from 
traditional to feeding of either pulp or protein juice. The largest reduction is in the dairy production 
due to 12% lower income from milk and a slightly higher feed cost. The reduction in climate impact 
per kg DM due the feed production is counteracted by the lower feed efficiency in both dairy and pig 
(table 6) leading to a minor increase in CO2 emission per kg of product. For both dairy and piglets, 
the total and on farm area is reduced by changing to use pulp and protein juice, but for dairy the 
area per kg of product is higher due to the reduced milk yield. 
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Danish case – Type 1 Technologies 
Based on the information given in the paper 

Shredding of grass-clover before ensiling: Effects on feed intake, digestibility, and methane 
production in dairy cows. Hansen, N. P., T. Kristensen, M. Johansen, A. L. F. Hellwing, P. Waldemar, 
and M. R. Weisbjerg. 2021. Animal Feed Science and Technology. 2021. 282:115124 

The pre wilted forage (45% DM) was shredded in the field using a tractor-driven machine developed 
by Kverneland group A/S, Kerteminde, Denmark. The machine was equipped with a pick-up that 
continuously channeled grass-clover into a space between a high-speed rotating drum (700 mm 
diameter and 1500 mm width) and a curved shell, which covered approximately half of the drum’s 
circumference. The drum and the shell were equipped with 12 mm high oppositely oriented steel 
ridges (22 and 12, respectively). As the drum rotated (800 revolutions per min) and the shell was 
adjusted to create only a narrow funnel-shaped clearance through which the grass-clover could pass, 
the grass-clover was subjected to a physical treatment termed shredding. After shredding, the grass-
clover was transported to a concrete bunker silo and placed in rows from which it was baled and 
wrapped using the same baler as used for control. 

Feeding shredded compared to non-shredded (control) grass-clover silage to dairy cows in late 
lactation had no effect on DMI, ruminal digestibility of NDF, or milk yield, but decreased CH4 
production (L/kg of OM digested in the rumen). No benefits of shredding grass-clover harvested at 
late compared to early developmental stage were observed for digestibility measures, except for 
reduced time spent for chewing during rumination and total chewing. In addition, silage density 
calculated as the individual bale weight divided by the chamber size showed density were 30% 
greater after shedding than traditional ensiling.  

Table 9. Effect of development stage (D) at harvest of grass-clover and use of shredding (P) before 
ensiling (from Nielsen et al., 2021). 
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Danish case - Type 2 Technologies  
Jørgensen et al. (2022) summarize present knowledge on the bio-technical as well as economic 
issues in relation to value creation of green biomass in Denmark. Considering availability and quality 
of green biomass, grasses and grass-clover crops grown in rotation on arable land shows a huge 
potential to deliver high yields of biomass as well as protein with an appropriate amino acid profile. 
Grass from unfertilized permanent grassland may represent an opportunity if focus is on the fiber 
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 issues.   

In the conclusion it is estimated that by the present technology for biorefining, 40% of the protein 
present in the green biomass can be recovered in a protein concentrate having protein content in 
the range of 50% of dry matter (DM), similar to the protein content of soybean meal. In addition, a 
fiber fraction containing 15-18% protein in DM can be produced and used for ruminant feed. Based 
on laboratory assessments, the protein concentrate is expected to be able to partly replace 
traditional protein sources for pigs and poultry. The potential is examined by several animal 
experiments, where soy was replaced, either partially or completely, without negative effects on 
animal performance. High contents of unsaturated fat in the protein affect the meat and fat tissue 
and may be a limiting factor for the amount of included protein for fattening animals. Based on the 
chemical composition and on feeding trials, the fibre fraction seems suitable for ruminant feeding 
replacing other types of silages. 

Feeding pulp 
Hansen et al. (2022) examined the effect on DMI and milk production when feeding either 
traditional silage or pulp silage as a result of one or two times twin-screw pressing of the green 
forage, table 10.   
 
Table 10. Daily dry matter intake (DMI) and milk production in cows fed TMR based on chopped 
grass and pulp silage either with one treatment (1xpulp) or two treatment (2xpulp) of fractionated 
grass harvested at two developmental stages (Modified from Hansen et al., 2022). 
 

Item Treatment 
Early  Late 

Silage 1xPulp 2×Pulp  Silage 1×Pulp 2×Pulp 
DMI, kg 17.8 16.3 15.1  17.2 16.3 14.7 
Yield        
   Milk, kg 25.4 25.0 24.1  24.3 24.4 21.0 
   ECM, kg 25.1 24.2 24.2  24.3 24.3 21.4 
   Fat, g 1026 970 982  1000 1013 900 
   Protein, g 857 838 839  819 797 717 
   Lactose, g 1164 1138 1117  1118 1136 958 

Note: No significant effects of treatment 

 

Feeding pulp and protein 
Damborg et al. (2019) examined the effect of fibrous pulp and partial substitution of soybean meal 
with green protein concentrate from biorefining of grass–clover on dry matter intake, milk 
production, digestibility, and eating behavior in dairy cows compared with untreated grass–clover 
silage and soybean meal. Grass used for silage was harvested 7 days later than the grass used in 
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biorefining. The results showed the same DMI but increased milk yield feeding pulp compared to 
silage, while partly substitution of soybean meal with green protein did not affected DMI nor milk 
production. 

Table 11. Ration composition and milk production feeding different proportion of green protein as 
alternative to soybean or pulp as alternative to grass-clover silage (from Damborg et al., 2019). 

 

 

 
 

Feeding protein 
Stødkilde et al. (2020) fed broiler, 0 to 24% green protein replacing soybean cake. Increasing levels 
of grass-clover protein extract in feed reduced performance; however, at 8% inclusion, it did not 
affect feed intake, slaughter weight nor feed conversion rate. At the highest level average daily gain 
was reduced by 16% compared to no green protein, and looking at separate periods a tendency that 
the negative effect of green protein was less in the late period (day 44 to 57) compared to overall 
and earlier periods. The large inclusions challenged feed intake and growth rate due to the low 
protein content and the correspondingly high content of insoluble dietary fibres in the protein 
extract, which to a large extent are indigestible. 
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Table 12. Feed intake, live weight gain and feed conversion rate feeding ration with increasing 
amount of green protein to broilers (From Stødkilde et al., 2020) 

 

In Stødkilde et al. (2021) grass-clover protein concentrate used was produced based on biomasses 
consisting of 31 % red- and white clover and 69 % of grass mix in a trial with 56 cross-breed female 
piglets weaned at 5 weeks randomly allocated to four treatments with 0 to 15% of green protein as 
replacement for soy.  The extracted protein had a crude protein content of 46% and a content of 
total sulphur-containing amino acids comparable to soybean cake, but a lower lysine content. The 
pigs were fed twice daily ad libitum and had free access to water. 
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Table 13. Composition of diets to growing pigs with increasing amounts of green protein and the 
related performance (from Stødkilde et al., 2021). 

 

 

 

In the starter period (11-30 kg), where the newly weaned piglets are particularly sensitive to feed 
with low digestibility and anti-nutrients, addition of grass-clover protein did not affect weight or 
growth rate. The same in the grower (30-65 kg) and in the finisher period (65- 125 kg) with the same 
growth rate across treatments and even an increasing meat percentage with increasing proportion 
of green protein, indicating that the content of anti-nutritional factors in the grass-clover protein is 
low. The overall daily growth (995 to 1030 g per day) in the present study was comparable to 
conventional production and slightly higher than the growth rate normally seen in organic 
production. 

Economic 
Compared to the type 3 technology used in the Swedish case the Danish type 2 technology has 
larger cost due to both investment in bio refining plant and the running costs. Hermansen et al. 
(2017) estimated this to be between 644 and 1380 dkr per ton of dry matter harvested on top of the 
growing and harvest cost of 825 dkr per ton related to traditional harvest and ensiling (table 14). 
Value of the product, protein concentrate based on conventional soy and fiber based on standard 
grass silage, shows that this is below the additional cost due to the bio refining. These figures based 
on estimation from the prototype, illustrates the need for reduction in cost and added value of the 
protein as upgrading to direct human consumption (Jørgensen et al., 2021).   
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Table 14. Cost and value based on high yielding grassland and green bio raffination, dkr pr kg DM 
harvested ( 15 ton dry matter per ha per year) (from Hermansen et al., 2017). 

 

 
Dairy farming 
Børgesen et al. (2018) studied the effect of replacing maize with grass on dairy cattle farms and 
feeding with increasing proportions of grass pulp and grass protein made by type 2 technology. The 
feed rations are calculations in the feed planning model Norfor http://www.norfor.info/about-
norfor/the-model, respecting the limitation set for nutrient requirements.     

The feed ration is intended for lactating cows of heavy breeds with an annual herd yield of 10.000 kg 
of energy corrected milk (EKM). Four rations were made  

(I) standard with 50% grass silage and 50% maize silage as roughage 

(II) 50% of maize silage replaced by grass pulp 

III) 100% of maize silage replaced by grass pulp 

                         IV) Ration III and in addition soya meal have been replaced by green protein. 

 

 

 

 

 

http://www.norfor.info/about-norfor/the-model
http://www.norfor.info/about-norfor/the-model
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Table 15. Feed rations lactation for dairy cows with increasing proportion of grass pulp instead for 
maize silage, kg dry matter per cow per day (from Børgesen et al., 2018). 
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Table 16. Estimated on-farm area for feeding 100 dairy cows based at four different feed rations, ha 
annual (from Børgesen et al., 2019).  

 

The calculated daily milk production decreases from 34.5 kg ECM in ration I) to 32.3 kg ECM in ration 
III) as a direct consequence of the lower energy uptake (table 15). As indicated in ration IV, the 
exchange of soya meal with green protein will reduce energy supply and significantly reduce supply 
of AAT below the established minimum limits, contributing to an estimated reduction in 
performance to 31.3 kg ECM. In calculations, the protein concentration in green protein is 33% of 
DM, which is at the low end compared to what has been achieved in later studies (table 2). 

The area for feed production, corresponding to 100 cows, calculated for the four feed rations shows 
that the total area for growing grass, maize and cereals increases from 66.5 ha in ration I) to 74.4 
hectares in the two rations with 100 % fiber pulp to replace maize (table 16). When using 2 kg of DM 
daily of green protein in a feed ration, the area corresponds roughly to the area to be used for 7 kg 
of DM in fiber pulp in the feed ration. The total area of 74.4 ha in ration IV) is thus the total area for 
feeding 100 cows, while in the other three rations there is an area for the cultivation of protein feed 
(soybeans) outside the dairy farm. The use of fiber pulp as a substitute for maize silage will not 
significantly alter the area requirements for roughage production on the dairy cattle farm, since the 
increased grain consumption can be met by purchasing. 

Conclusions 
Green forages are in the traditional ensiling process mechanically treated several times, all leading 
to loss of dry matter and potential nutrients and energy. There are several alternatives to this. In the 
simple form it is a physical treatment, of the green forage before ensiling, which may influence silage 
quality and feeding value direct or indirect through effects on fermentation characteristics More 
advanced technologies aims after separation of protein and fibre in the forage in order to increase 
the value of the forage. Additional handling and technologies induce extra costs related to 
investment, workload and increased energy use and might open for alternative risks of loss 
compared to traditional ensiling. Some of the expected benefits include harvesting security, higher 
density of the silage and improved digestibility of the fibre as well as the value of the protein 
fraction compared to soy, counterbalance the cost. Technologies working directly with the green 
forage is promising in separation of pulp and protein. The technologies used after ensiling seem less 
effectively and also do not reduce the risks of losses during the ensiling process, while the advantage 
is the potential all year round operation. At present the extracted protein, directly from green 
forage, has a crude protein content and content of total sulphur-containing amino acids comparable 
to soybean cake, but a lower lysine content. All technologies increase the costs and at present is the 
benefits not at a level that counteracts the additional costs.  
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