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During 1991, which was the year after two of the biggest Joint Biogas Plants in Denmark (Ribe and

Lintrup) were started, it was clarified that the follow-up-programme for Joint Biogas Plants should

have the agricultural side of the interministerial demonstration-programme better illustrated.

The follow-up-programme was started in 1992 and has both technical, field trial and veterinary

projects running.

This report has been carried out as commissioned work for the Danish Energy Agency. The report

focus on the recycling of plant nutrients through a Joint Biogas Plant. The main effort has been

concentrated on optimising the nitrogen-cycle through the Joint Biogas Plant, as this contains many

possibilities of losses, that will strain the environment.

Furthermore, the report is based on interviews with farmers, to illustrate the farmers' point of view

about the agricultural advantages of being connected with the Joint Biogas Plant.

During the project period 1992-93, it has been very inspiring to communicate with SeJren Tafdrup

from the Danish Energy Agency and Ivan Nygaard and Hans Henrik Lindboe from the Biomass-

group. at the Danish Technological Institute. Directly, and often indirectly, our ideas and results

have been discussed with a number of visitors from abroad, latest, during a visit of groups from the

International Energy Agencies-workshop, concerning biogas and biomass. During the visit, the aim

was to illustrate the agricultural point of view, with a clear connection to both energy and

environmental initiatives.

Finally, we would like to thank colleagues for very fruitful professional discussions, the farmers for

being so helpful and open during the interviews, the board of directors of RBMF (Ribe-Biomass-

Distribution-Association) and the personnel from Ribe Biogas Ltd. This concerns also the 2.nd

edition, revised and emendated in 1997, where the chapters 4,5 and 6 are brought up to date.
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The aim of this project is to show the agricultural advantages of being connected with a Joint

Biogas Plant. In this report three questions have been treated. A) The question whether a more

environmentally suitable distribution of the plant nutrients from the animal manure takes place

through the distribution of the Joint Biogas Plant. B) The question whether nitrogen in the digested

slurry is being utilised better now than earlier. C) The question whether the membership of the Joint

Biogas Plant has resulted in a reduced amount of time employed on transportation of slurry.

A) The animal manure from the farms connected with the Joint Biogas Plant was in 1992

distributed on an area that was 36 per cent larger than in 1990. 16 per cent of the organic biomass

was delivered by different industries. The average amount of nitrogen from animal manure used per

hectare was reduced by 11 per cent from 1990 to 1992.

B) To show how the plant nutrients are utilised, a farm example is decribed. On the farm the N-

efficiency has increased continuously and is now 50-60 per cent. The purchase of nitrogen in

mineral fertiliser has been reduced by approximately 80 per cent. The nitrogen cycle on the farm has

been reduced by more than 8 tonnes per year.

C) The Joint Biogas Plant in Ribe has 26 local storage tanks connected. The storage tanks have been

placed near the farmers' fields, to make the distance between the storage facilities and the fields as

short as possible. The farmers who rent storage capacity in the local storage tanks have considerably

reduced the time, they use on transportation of slurry. The task of transporting the slurry has been

transferred to the Joint Biogas Plant. When interviewed, 84 per cent of the farmers replied that they

have achieved improved conditions of transportation. The 84 per cent of farmers corresponds to 90

per cent of the amount of digested slurry delivered to the local storage tanks. This represents

approximately 45 per cent of the total amount of slurry treated on the biogas plant.

Danish law of environmental protection prescribes that all farms with an animal production must

have 9 months storage capacity for slurry and similar conditions for other types of organic manure,

from now on. A 9 months storage capacity means, that in the future, the slurry must only be spread

in the period 1/3 - 1/9. This also means, that slurry can be applied to spring sown crops, through

incorporating in the soil, before sowing, to overwintering crops, during their tillering and elongation

stages, and to grass crops, between 1-3 cuttings. The plant nutrients from the animal manure have to

be applied to growing crops, and the Danish law of environmental protection also prescribes 45 %

N-efficiency of the total N-content in cattle slurry, and 50% N-efficiency of the total N-content in

pig slurry.



Considering the increasing demands to protect the environment, up through the nineteen-nineties,

some of the main ideas regarding the establishing of the Joint Biogas Plant in Ribe were:

- to improve the distribution of slurry to the arable land, in the Ribe-area, and

- to improve the utilisation of the plant nutrients in animal manure, if possible.

The planning group, behind the Joint Biogas Plant, quickly became aware of the fact, that the

farmers, who wanted to be connected with the Biogas Plant, had the same kind of problems. Many

farms had their land split up in two sections. Some land was close to the farm, situated in a small

village, but the main part of the land was situated far from the farm.

Some questions were raised. Should every single farmer build his own storage tank? How can the

slurry be better utilised and redistributed, on a larger area? How could it be made possible, to trade

the slurry between animal farms and non-animal farms, with the money involved calculated on the

basis of nutrient contents? Would it be worth to invest in storage capacity if you were over 50 years

old and had no heirs to the farm? Would the farm be sustainable and fit to survive, after the turn of

the century?

The planning group has tried to solve all these problems and answer all the questions, by building

up a network of 26 local storage tanks for digested slurry. Some of the farmers wanted to build their

own storage tanks, and, off course, they did that. They were mainly farmers who had all their land

situated around their farm. The rest of the farmers village-wise, went to meetings with the

committee of RBMF (Ribe-Biomass-Distribution-Association), the extension service and an

engineer. Together, they found the most suitable locations, to place the local storage tanks. The

locations had to fulfil as many wishes as possible, from suppliers and receivers of slurry. The

distance to the fields, that were to be supplied with digested slurry, was kept at a minimum. The

most suitable locations, close to public roads, and with enough space for the lorries from the Biogas

Plant, to park and turn, were chosen.

Very thorough guidelines for selling and buying of slurry have been made by RBMF. This has

resulted in a well-founded feeling of security among the buyers of digested slurry, when they buy

the very well declared liquid organic manure, which is the appropriate name for the product.

Very big amounts of plant nutrients are being redistributed, not just between the animal- and non-

animal-farms, but also from the food industries who supply Ribe Biogas Ltd. with biomass from

their productions. It has turned out, that cattle and pig slurry can be considered as the raw material,

but when mixed with approximately 25% fat containing organic wastes from the food industries, it

gives the energy production the necessary boost.



As described earlier, one of the ideas with the Joint Biogas Plant was, that the connected farmers

should achieve a considerable reduction, in time and work, spent on transporting slurry.

In addition to the construction of storage tanks on the farms, 26 local storage tanks were placed,

with the aim of reducing the farmers transportation of slurry, as mush as possible.

The slurry is transported from the farms to the Biogas Plant and returned to either a private storage

tank or a local storage tank. The local storage tanks have been placed in a way, that facilitates the

work with big lorries (enough space for turning and good roads).

3.2. A farm example. A medium-size dairy farm which has a considerable advantage

of the local storage tanks

The farm has 54 hectares of arable land and the stock counts 110 livestock units (one livestock unit

is equivalent to the amount of manure produced by one milking cow - of a heavy breed).

Approximately one third of the land is placed close to the farm. The remaining two thirds are placed

5 kilometres away on some well-drained organic lowlands.

The soil types here consist, mainly, of sandy types, with a very variable fertility. This means, that

the farmer constantly has to work with the supply of nutrients and the humus content in the top soil,

through the crop rotation, application of animal manure etc. The farmer has always realised this.

which has resulted in the fact, that he has transported between 350 and 400 tonnes of slurry, from

the farm storage tank to the fields, situated 5 kilometres away from the farm, during winter time.

In 1987, a large storage tank was built at the farm. It was supposed to be able to contain the nine

months slurry production. It turned out that it only could hold 7 months of slurry production

because of water losses through the production and the addition of rain water. This irritated the

farmer, as he had built the storage tank with the purpose of getting a better utilisation of the slurr·y.

This was another reason to become a member of the Biogas Plant.

Before the farmer became a member of the Joint Biogas Plant, the total amount of slurry from the

farm was brought out on 35 ha. This results in a nitrogen supply of 220 kg N/ha. After he became

member of the Joint Biogas Plant. the same amount of digested slurry is brought out on 40 ha. The

nitrogen supply is now 180 kg N/ha.
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The membership of the Joint Biogas Plant has not changed the time consumption or the transport,

concerning the fields situated near by the farm. It concerns the fields situated 5 kilometres away

from the farm, that the situation has been changed. One of the local storage tanks has been placed

right next to the farmers fields. He gets 500 tonnes of digested slurry delivered here. On map I. it is

illustrated how slurry is being brought out before and after the membership of the biogas plant. A

much bigger area has slurry applied now than earlier. It shows very clearly, that the amount of

transport has been considerably reduced, as the local storage tank is right next to the fields.

The farmer is so satisfied about the system, that he exchanges 200 tonnes of slurry with a

neighbour. The neighbour gets 200 tonnes of slurry from the tank at home - and the farmer gets 200

tonnes of slurry from the farmer's own storage tank. This arrangement saves time and money for

both of them.

The farmer estimates, that before the membership of the Biogas Plant, it took him 35 minutes to

transport one load of slurry (la tonnes), from the farm to the fields, situated 5 kilometres away, and

to return with the empty slurry transportation equipment. Considering an amount of slurry of 400

tonnes, it results in an estimated time consumption of23.3 hours and a driving distance of 400 km a

year.

The farmer estimates, that after the membership of the Biogas Plant, he can bring out 5 loads of

slurry every hour (I2 minutes per load). The distance from the local storage tank to the field is

approximately 250 m. Considering an amount of slurry of 400 tonnes, it results in an estimated time

consumption of 8 hours and a driving distance of 20 km a year.

For this farmer the membership of the Biogas Plant has resulted in a considerable reduction of both

time consumption and transport. Especially the reduced transport can be registered as a very

reduced consumption of fuel and wear on the machines.

After the establishment of the Joint Biogas Plant in Ribe and the 26 local storage tanks, the

transport situation has been considerably improved for many farmers.

In the area where the earlier mentioned farm example is situated, there are 4 local storage tanks. 19

farmers are connected with the storage tanks. They have transport conditions that are very similar to

the farm example. If you make some average calculations, it shows that the 19 farmers achieved a

total reduction in time consumption of 65%,

from 535 hours to 182 hours. It is even more interesting that their total amount of transport has been

reduced by 95% from 9100 km to 455 km. But, one must bear in mind, that the task of transport has

not disappeared - it has only been transferred to the lorries from the Biogas Plant.

There is one category of members, who are especially satisfied with the distribution system. They

are the ones who produce extremely large amounts of slurry, but do not have the required land to

spread the slurry on. They have to get rid of the slurry in excess. The alternative to the membership



of the Biogas Plant, is to sell it or to give it to neighbours. Being members of the Biogas Plant, they

do not have to construct large storage tanks, they do not have the vast amount of very heavy traffic

around the farms and through the village, endangering children in the traffic and disturbing the

peace and quiet. Furthermore, due to practical reasons, the slurry could not be used in an optimal

way, as it would be brought out during the winter.

Correspondingly, life has become much easier for the members who do not produce any slurry, but

buy digested slurry from the Biogas Plant. Earlier, they had to drive long distances, during the

winter, to get animal manure for their land. Now, they can buy it from the Biogas Plant and get it

delivered in a local storage tank, near by.

Of course, not every single farmer has achieved better transport conditions. If we consider all the

farmers, who rent storage capacity in the local storage tanks, 16% state that they have got worse, or

"not improved" transport conditions. This number of farmers corresponds to 10% of the total

amount of slurry treated by the Biogas Plant.

4. The circulation and distribution of plant nutrients among suppliers

and receivers of digested slurry

Application of animal manure on agricultural soils is regulated in Denmark by the, so called,

harmony rules. According to that, the maximum amount of animal manure, that can be applied per

ha, is the equivalent of 2,3 livestock units (LU) for dairy farms, 1,7 LU for pig farms and 2,0 for

cattle and pig farms and/or other animal farms.

Applying animal manure at the maximum level, allowed by the harmony rules, is not a guaranty,

that all the nutrients, contained in manure, are optimal utilised. The optimal utilisation of macro

nutrients will be somewhere around 1,3 LU/ha. This can also be an optimal solution for the future,

in order to meet the new EU-directives about nitrogen and phosphorus loading and leaching.

Redistribution of manure is thus, not only important because of its environmental aspects, but also

because of economical reasons. For animal farms, that are not able to comply with the harmony

rules, it is important to transfer the excess of manure to other farms. This can happen via a Joint

Biogas Plant and furthermore, adequate technologies can be applied, for concentration of the

surplus of nutrients, such as fibres separation, or other filtration technologies.

With the establishment of Ribe Biogas Plant and the 26 local storage tanks, the possibility of a

better distribution of the animal manure was created.

This makes it interesting to investigate whether such a redistribution of plant nutrients from the

animal manure has actually taken place. The desired result is, that the average supply of nitrogen

from animal manure per ha, has been reduced.



The payment for the digested slurry is calculated on the basis of kg nutrient (N,P and K), delivered

from the Biogas Plant to the recipient, either in a private storage tank, or in one of the local storage

tanks. For the suppliers, the value ofN,P and K is calculated in the same way, but with an opposite

sign. Because of this, Ribe Biogas Ltd. registers the flow of nutrients from the suppliers through the

Biogas Plant, and back to the receivers. This registrations are the point of reference of the following

analysis.

71 animal farms and 6-7 industries have delivered approximately 140.000 tonnes of liquid biomass

in 1992. The total amounts of nutrients can be seen in table I.

Slurry, T N, kg P, kg K, kg number

To the Plant:

From farms J 17,530 549,082 104,869 470,912 71

From industries 21,916 92,082 20,683 17,345 6

Total 139,446 641,709 125,552 488,257 77

Form the Plant:

To suppliers 113,498 522,091 102,148 397,243 68

To buyers 26,004 J 19,618 23.404 91,014 41

Total 139,502 641,709 125,552 488,257 109

Approximately 16% of the liquid biomass, or 14% of the nitrogen came from industries, the main

part from an abattoir. Of the 71 animal farms, 56 were dairy farms, 7 were pig farms, 3 were mixed

dairy and pig farms and 5 were mink or poultry farms. 3 of the mink farms do not have any digested

slurry returned, as they have no land.

41 receivers, of a total of 26,004 tonnes of digested slurry, are only receiving but not supplying

slurry. These received a total of 124,094 kg N, which corresponds to approximately 19% of the

nitrogen that passed through the plant in 1992. As the industries supplied 92,628 kg N, the net

redistribution of nitrogen from the suppliers (animal farms) to receivers amounts op to 31,466 kg N

(124,094 - 92,628). This corresponds to approximately 5% of the 549,082 kg N supplied by animal

farms (compare with table 1). Figure I. illustrates the flow of nitrogen to and from the Biogas Plant.

Furthermore it shows where the nitrogen originates from and where it is delivered.



4.3. The distribution of the animal manure before and after the start of the Biogas

Plant

Part of the local storage tanks were placed on the fields, far from the farms, to facilitate the

distribution of slurry. It has been tried to estimate how many more hectares was slurry applied on, in

1992 in comparison with 1990 (before the Biogas Plant was started).

On the farms connected to the Biogas Plant, a total of 4757 ha had slurry applied in 1992. This was

1269 ha or 36% more than in 1990. At the same time, the total amount of nitrogen was increased by

20%, mainly because the Biogas Plant is supplied with digestible biomass from the industries. The

average supply of nitrogen from animal manure was 172 kg N/ha in 1992, compared to 193 kg N/ha

in 1990. The average supply per hectare has been reduced by 12%. Figure 2. illustrates the

distribution of animal manure before and after the establishment of the Biogas Plant. Figure 3

illustrates the average supply of kg N/ha, before and after the establishment of the Biogas Plant.

If considering the group of suppliers, who also received digested slurry (68 farms), their animal

manure was in 1992 applied on 3446 ha. This means 618 ha more than in 1990, and an increase

with 21,8% of the area which received slurry. The average supply of nitrogen from animal manure

is calculated to be 178 kg N/ha in 1992 and 205 kg N/ha in 1990. This is a reduction of 27 kg N/ha

or 15%.
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Figure 3. The average supply of kg N/ha before (1990) and after (1992) the establishment of the Biogas Plant. Listed in

groups of all members, suppliers and buyers.

These average figures conceal a great variation. 44 of the 68 suppliers applied the animal manure on

a larger area. 42 of the 68 suppliers reduced the amount of nitrogen applied per hectare. This must

be seen in the light of the fact that the total amount of nitrogen, delivered back to the animal farms,

was only reduced by 5%, compared to the total amount of nitrogen delivered by the animal farms.

41 of the 68 supplierslreceivers received 46.785 kg N more than they delivered. 18 out of these

increased their consumption of nitrogen from animal manure by more than 10%. Half of the 41 net

buyers used more nitrogen from animal manure per hectare in 1992 than in 1990.

The 41 receivers (non-suppliers) applied their animal manure on a total of 1311 ha in 1992, which

gives an average supply of 150 kg N/ha. Out of these, 95 kg N/ha came from digested slurry and the



rest came from other types of animal manure. It should be noted, that several of the buyers were

animal farms, who wanted to buy more animal manure than they could produce themselves. Some

of these farms used very big amounts of animal manure per hectare. The main part of the farms

increased the area that received animal manure so much, that the average use of N/ha was slightly

reduced in 1992 compared to 1990.

Table 2. Structure 0/ suppliers and receivers 0/ slurry to Ribe Biogas Plant. The table sholVs also the total supply and

reception o//resh and respectively digested slurry. For the supply indicated by "rest", itll'as not possible to identifY the

structure 0/ the animal husbandry( 1996).

Number of Number of ha. Supplied Received Received, as %

farms tonnes tonnes of supplied

Cattle farms 78 6808 89.000 118.000 133

Pig farms 7 636 23.000 11.000 48

Crop farms 10 451 0 4.000 -

Other 9 653 6.000 10.000 157

"Rest" 9 740 1.000 2.000 167

Total 113 9.288 120.000 146.000 12\

Table 2 shows that Ribe Biogas digests 146.000 tonnes slurry per year. Dairy farms receive more

slurry than they deliver to the biogas plant, while pig farms receive less than they deliver. It means

that a redistribution of manure, from pig farms to dairy and crop farms, takes place.

Table ], The potential nutrient value 0/ digested slurry *) from Ribe Biogas plant. The calculations are made

considering a nitrogen price at -1,30 DKK/kg, a phosphorus price at 8,00 DKK/kg and a potassium price at 3,50

DKK/kg

Total kg Util isation % Potential value DKK

Nitrogen 711.000 60") 1.834.000

Phosphorus 152000 90 1.095.000

Potassium 455.000 90 1.434.000

Potential value- total 4.362.000

*)The potential nutrient value is defined as the 1st year effect and 2nd year effect of nitrogen, plus the full value of

phosphorus and potassium. It is counting on a first year effect of nitrogen of 50%, and 2"d year effect of I0% and a

maximum effect of phosphorus and potassium of 90%.

It is evident, that the animal manure from the farms connected with the Biogas Plant has been

applied to a larger area in 1992 compared to 1990. The average use of nitrogen from animal manure

per hectare was reduced by 11% from 1990 to 1992. At the same time, these farms received an

average of 19 kg N/ha from industries, recirculated through the Biogas Plant.

On some of the farms, the establishment of the local storage tanks, close to the fields, that are

situated far away from the farm, is the direct cause to the fact that the animal manure has been



applied to a larger area. However, several conditions have influenced the general change in the use

of animal manure. In the last few years, both the public and agriculture itself has focused on the

application and utilisation of animal manure. The legal demands for storage capacity was fulfilled at

the end of 1995. The generally better practise have possibly influenced the fact, that animal manure

is now considered as a valuable nutrient source and is therefore used with more thought, which,

among other things, results in distribution on as large an area as possible. The location of the local

storage tanks has furthered this development, and so has the fact, that all the members of the Biogas

Plant have now got storage capacity for 9 months.

Having permanent agreements about delivery of digested slurry with several non-animal farms, was

made with the intention to redistribute the animal manure from the farms with too much slurry,

compared to their area of arable land. However, the supply of 92,000 kg N from the industries has

almost met the demands of these agreements. This means, that the actual redistribution from

suppliers to receivers has only consisted of 5% of the delivery from the animal farms. This shows,

tQat if, because of environmental causes, it is an aim, that the average use of nitrogen from animal

manure per hectare does not increase, on farms connected with a Biogas Plant, you will have to sell

the same amount of nitrogen to non-animal farms, as you receive from the industries. One should

consider how big amounts of nitrogen from organic wastes it is reasonable to supply to an area,

where the amount of animal manure is big enough as it is. In that case, the area of distribution must

be enlarged through further agreements with non-animal farms.

5. The advantages and disadvantages of a higher ammonium content in

the digested slurry

Table 4 shows the results of analysis of digested slurry from Ribe Biogas Plant, from 1991 to 1996.

To be able to compare the values, the analysis results of untreated cattle and pig slurry are also

listed.

Date DM% N-total NH4-N P-total K-total Mg- Cu-total Ca-total

kg/t kg/t kg/t kg/t total g/t kg/t

kg/t

Average 1991 5,6 4,7 3,3 0,9 3,7 0,5 9,7 1,5

Average 1992 6,4 4,6 3, I 0,9 3,5 0,5 12,8 1,5

Average 1993 6,2 5,2 3,4 1,2 4,1 0,8 2,7 2,5

Average 1994 5,8 5,0 3,2 1,1 3,3 0,6 11,6 2,0

Average 1995 5,8 4,9 3,2 1,1 2,9 0,5 11,8 1,4

Average 1996 5,8 4,8 3,2 1,1 3,2 0,5 10,8 1,5

Cattle slurry 8,5 4,7 2,7 0,6 4,4

Pig slurry 6,0 5,3 3,7 1,5 2,3

3.5 c.6



A very characteristic difference between these years is that the dry matter content has generally

increased from 1991 to 1996. An essential reason to this is that many suppliers have made efforts to

reduce the water waste in the stables. At the same time, water from roofs, down pipes, farm yards

etc. that often runes into the storage tanks is now diverted elsewhere.

Digested slurry has a lower dry matter content than untreated slurry. Roughly, 50% of the dry

matter content is converted to CH4 and CO2,

Furthermore the content of ammonium-N (NH4+-N) is approximately 20% higher in digested slurry

than in ordinary cattle slurry. The content of ammonium-N in pig slurry and digested slurry is

almost the same.

A measurement of nutrient utilisation is the nutrient balance for land use. If there is a surplus of

nutrient, it means that the utilisation is poor. The balance is calculated as a result of supply of

nutrient with the applied animal manure, plus the supply of mineral fertilisers, minus removal of

nutrients by the harvested crops. Figure 4 shows the phosphorus and potassium balance, plotted

against the supplied amount of animal manure.
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Figure 4 shows that phosphorus balance is generally increasing, with the increasing number of LU,

which is not the case of potassium balance. The explanation is, that an increasing of the number of

LU implies an increasing of the forage feed areas, which typically have a relatively high

requirement/utilisation of potassium. Even though the potassium supply/removal is balanced, the



average covers a number of farms, having an surplus of potassium, as well as a number of farms

having a deficit of potassium. An additional redistribution of nutrients, between dairy farms, is

therefor appropriate.

Because phosphorus and potassium balance shows in many cases a surplus, the potential manure

value can not always be achieved. This can be because of supplying to much animal manure, or to

much mineral fertiliser, than the real need of the crops. Figure 5 shows the potential and the

achieved manure value, calculated according to the request of nutrient, on long and respectively

short term.
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Figure 5. The potential and the achieved manure value, as a/unction a/manure supply (LU/ha).

Figure 5 shows that the potential value of manure (upper line) is not dependent of the amount of

supplied manure, while the achieved value is falling with the increasing manure supply. The area

between the potential and the achieved value is the expression of loss of nutrients. If the supply of

animal manure is around the harmony level, will the manure value be halved on short term and

reduced to 25 % on long term.

This example describes a dairy farm with 60 milking cows, all in all approximately 90 livestock

units, and 44 hectares of arable land. This results in approximately 2 livestock units/ha and 45-50

tonnes of slurry/ha. The farmer invested in a storage tank, with 9 months storage capacity, in 1985.

In August 1990, the farm was connected to the Biogas Plant.



The farmer has shown an increasing interest in, and knowledge about how to utilise the plant

nutrients (especially nitrogen) in slurry. From 1983 and onwards continuos research has been made

on the actual consumption of nitrogen on the farm. Furthermore, the utilisation of the nutrients in

the untreated slurry, and later on in the digested slurry, has been followed very closely. These

registrations have been used to make calculations on the nitrogen balance, on a typical dairy farm.
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Figure 6 shows the changed pattern of consumption of nitrogen on the farm. The reduction in

consumption of nitrogen from mineral fertiliser does not happen in 1989 and 1992 because of the

drought situation in these two years. These two years, the farmer correctly estimated, that he had to

supply additional fertiliser to grass crops after barley for silage. The N-efficiency has increased

continuously during the years, and has stabilised on a level of about 50-60%, since the farmer

started to use digested slurry. If the farm is to be run without the use of nitrogen from mineral

fertiliser, the N-efficiency must increase to 65%, which is considered to be possible.

In the calculations of the nitrogen balance, information about consumption of mineral fertiliser,

concentrated feed, cereals for feed and other feed, as well as atmospherically supplied nitrogen and

nitrogen fixed biologically and by leguminous fruit crops, has been taken into consideration. As for

the flow of nitrogen away from the farm, the amount of sold milk, meat, plant products and the

production of animal manure has been registrated.



Year Hectares DKK used on Purchase of kg N Purchase of kg

min. fert. N/ha

1983 39,0 64.164 10.696 274

1984 69,8 59.832 13.112 329

1985 39,8 54.191 8.650 217

1985 42,8 46.425 6.789 158

1986 37,7 25.111 4.645 123

1987 46,0 24.603 4.155 90

1988 46,0 44.433 7.438 161

1989 46,0 35.390 5.093 I11

1990 46,0 18.699 2.240 49

1991 46,0 16848 2.392 52

planned

1992 46,0 24.622 4.878 106

done*

1993 43.0 13.470 2.153 50

planned

During the years. the nitrogen balance (the difference between input and output) has changed

considerably. In 1983 the balance was 16,495 kg N (for potential leaching and build-up of the

nitrogen reserve in the soil). In 1988 the balance was 12,407 kg N and in 1991 the balance was

7,858 kg N. This means that the balance has been reduced with 8,637 kg N during the years. In this

period the purchase of nitrogen from mineral fertiliser has been reduced by 8,543 kg N. In table 5 it

can be seen how the N-purchase is further reduced. because of a continuously optimised utilisation

of the untreated slurry before 1990, and the digested slurry after 1990.

Figure 7 shows a general example of the level of utilisation of N-total in different types of slurry.

The levels are the results of crop field trials. from 1992 to 1995.
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Figure 8 shows the request and supply nutrients from digested slurry, in a crops rotation dominated

by cereals, on a clay soil. For the supply of nutrients, only the utilised amount of nutrient is taken

into account. 1,0 livestock unit/ha means approximately 25 tonnes of slurry/ha.
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Figure 8. Requirement and supply of nutrients from digested slurry.

The guidelines are based on field trials and experience achieved by advising the many farmers, who

used digested slurry from Ribe Biogas.

* As a principal rule, digested slurry should only be applied at the start of the growing season, in

March and April, and later on, only in vegetative growing crops.

* By the establishment of spring-sown crops, the slurry must be incorporated into the soil

immediately after it has been applied. The time from application to incorporation must be as

short as possible, to minimise ammonia volatilisation. The best thing to do is to simultaneously

spread and incorporate the slurry. The most suitable crops, regarding utilization of nitrogen from

animal manure are, in the listed order:

- fodder beets

- maize for silage

- spring barley for silage, with an under sowing of grass

- spring barley (preferably with an under sowing)

- spring rape

- potatoes

* In over wintering crops, the crop must be started with 1/3 of the total N-requirement in mineral

fertiliser. The best utilisation of the digested slurry in over wintering crops is achieved in the

period 15/4-1/6, when the crops are in vigorous vegetative growth. To make the slurry infiltrate

quickly into the soil, dragging hose-equipment must be used. The most suitable corps for slurry

utilisation are: Winter wheat, winter barley, winter rye and winter rape. These crops can be

supplied with 50-70% of their N-requirement in digested slurry.



* The risk of ammonia volatilisation can be reduced by using the right equipment (dragging hoses)

and by taking the climate into consideration. The optimum weather conditions for application of

slurry is when it is raining or there is a very high humidity and no wind. Dry, sunny and windy

weather reduces the N-efficiency considerably.

* When slurry is applied to grass crops the ammonium is very liable to volatilise if one of the

following principal rules are not followed:

- Direct injection of the slurry into the soil gives the highest N-efficiency.

- Application with traditional equipment or dragging hoses can only be recommended if it can

be done in rain or weather with high humidity.

It is obvious, that the possibilities of ammonia volatilisation from slurry are many. During storage,

handling and spreading it is important to take the ammonia volatilisation into consideration. This

volatilisation is perspectivated in figure 9a and 9b. The figure shows a model calculation of the

NH - and H +-concentration in Europe. The high concentrations are correlated with the areas with
) 4

a high animal production. No West European countries can say that they do not have a big ammonia

concentration. In Eastern Europe the situation is the same, the animal production units are very big

and concentrated, but here it is spread over very big areas.

When the occurrence of ammonia is high, the risk of ammonia volatilisation is correspondingly

high. That makes it even more important, to minimise the ammonia volatiIisation during storage and



spreading. Besides being of great importance for the environment, it is economically more

profitable to use the ammonia to fertilise the crops, instead of letting it escape to the atmosphere.

Figure 10 and 11 shows the potential loss of ammonia during storage, under different conditions

and from different types of slurry.
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To minimise the ammonia volatilisation, during the storage and spreading of slurry, some general

guidelines should be followed:

* There is a possibility to add acid to the slurry when it is applied. This decreases the pH-value and

thereby ammonia's liability to volatilise.

After at Ribe Biogas Plant has been in use for five years, the total evaluation is that the Joint Biogas

Plant has helped to solve both agricultural and environmental problems in the area. One of the

farmers, connected with the Biogas Plant, has expressed an evaluation of the Biogas Plant in the

following way:

energy is being produced from resources that have not been utilised until now (animal manure

and other organic wastes).

plant nutrients are being distributed on a larger area, with a better utilisation.

the local storage tanks have fulfilled the legal demands about storage capacity for animal

manure.

with the achieved results, agriculture has got a better environmental image.

it has created new jobs in the area.

Furthermore, it has turned out that the digested slurry is a well declared and homogenous liquid

organic manure.



Liquid organic manure, often in the form of slurry, has been and will be, in the future, the

dominating type of animal manure, in many countries where the animal production has increased

during the last 25 years.

The great problems concerning NO)-leaching and ammonia volatilisation this type of animal

manure have caused, have mainly been due to the method of application, the time of the year the

slurry was applied and the amounts there were applied to single crops. The application techniques,

the storage capacity and the way it was used to the different crops, have improved considerably. The

suppliers and receivers connected with the Biogas Plant are very interested in achieving

improvements. The improvements are implemented as soon as knowledge about the subject is

available.

The legal demand about 9 months storage capacity improves the utilisation of animal manure.

Considering the distribution of the plant nutrients, the Joint Biogas Plant improves the possibilities

for this. The only way agriculture can fulfil the environmental demands is by utilizing the animal

manure as well as possible. In the future, agriculture must show that nitrogen leaching can be

controlled. The farm examples and the whole example of Ribe Biogas Plant show how a healthy

development can be started. To make a balance, like in a natural ecosystem, is impossible, but it is

the right way to aim.

Reduction of ammonia volatilisation will be the next demand from the environmental protection

law. The Joint Biogas Plant might, as well, consider and solve this problem, along with the general

development of the plant. Digested slurry contains approximately 15% more ammonium-N than

ordinary cattle slurry. This means that the slurry must be applied and utilised considering this. The

problem about ammonia volatilisation in connection with Biogas Plants is rather critical , but

crusting layers and good application practices has solved these problems, to a large extend.

Digested slurry can in some crops, partly or totally, replace mineral fertiliser, and the calculations

often show, that some of the crops just need small amounts of mineral fertiliser, nitrogen and

possibly sulphur. The best way to use the slurry is to adapt the amounts of P and K to the

requirement of the crop and to complement with mineral fertiliser (nitrogen).

Considering the transport of slurry, the Joint Biogas Plant has resulted in some advantages for

agriculture. The farmers, who have chosen the solution with the local storage tanks, close to their

fields, have rationalised their transport of slurry and reduced the time consumed by this task. The

transport has been transferred to the Biogas Plant.



I. Digested slurry is a more homogenous product than untreated slurry. By mixing and digesting

together cattle and pig slurry, as well as other types of digestible biomass, a homogenous

product, with an improved N-P balance and nutrient content is obtained.

2. There will always be analysis of the content of plant nutrients in the digested slurry, which

allows an accurate dosage and makes it very easy to work with, when planning the fertilising

strategy.

3. The concept of Joint Biogas Plants promotes the redistribution of plant nutrients on a larger area

and hereby reduces the amount of nitrogen applied per hectare. This contributes to solving the

harmony problem mentioned in chapter 4.

4. The concept of Joint Biogas Plants gives a flexible storage capacity. The farmers achieved

improved conditions for transport of slurry trough the establishment of the local storage tanks.

Transport and time consumption has been considerably reduced. The transport task has been

transferred to the Biogas Plant.

5. Digested slurry contains more inorganic nitrogen than ordinary slurry. During anaerobic

digestion, a part of the organic nitrogen is transformed in ammonia, which is easier accessible to

the plants than the organic form, when slurry is applied to sowing or to growing crops.

6. The N-efficiency can be considerably increased by optimising the method, time of application

and amounts per hectare, tacking into account the composition of crops, type of soils and the

level of crops yield.

7. The relatively high digestion/sanitation temperature makes digested slurry free of pathogens and

weed seeds.

8. Digested slurry reduces the problem of odour nuisance, which occurs when applying ordinary

slurry. Digested slurry smells like ammonia and only a couple of hours after applying. Good

agricultural practice, by immediate incorporation in the soil, reduces considerably the odour

problem.

9. Digested slurry can lose great amounts of nitrogen through ammonia volatilisation. This IS

necessary to be considered when storing, handling and applying digested slurry.

If the guidelines in this report, about applying digested slurry on the fields is followed, we are

working with a new type of liquid animal manure. By a continuous development, this type of

animal manure will be even more attractive, as it will become a total fertiliser. Considering the

problem of ammonia volatilisation, better solutions must be found.
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The tables are meant to help appraise the utilisation of slurry. The tables shows the p.c. of utilisation

of the total nitrogen content in pig and respectively cattle slurry, applied to different crops, by

different methods and at different times of the year.

Once the p.c. of utilisation identified, a correction factor, related to the type of soil, stirring, weather,

temperature and so on is to be applied (the value of the correction is accessible in form of tables).

Table A. Efficiency of pig slurry, poultry slurry, digested slurry and the like with approx. 70% ammonium-N of total,

that is =I ..f x NH.f-N

Total N August- February March -April May-July

September B OH BS B OH BS

Spring corn 45 65 60 60 55 50

Beet 50 70 65 65 65 20 20

Winter corn 40 65 50 45 60 55

Winter rape 45 45 65 60 55

Grass 30 45 65 50 45 65 35 30

Subsequent 30 10 10 10 10 10 10

crop

Permanent 20

grassland

TotalN August- February March -April May-July

B OH BS B OH BS

Spring corn 35 45 40 40 40 30

Beet 40 55 50 50 50 20 20

Winter corn 30 45 35 30 40 30

Winter rape 35 30 45 40 35

Grass 25 30 50 35 30 50 25 20

Subsequent 25 10 10 10 10

crop

Permanent 20

grassland

B = Buried

DH= Dragging hoses

BS= Broad spread



Annexe 2. Farm example of animal manure applied on the fields of the

farm, growing season 1996

Type of manure Amounts Kg NI ton Total Minimum Minimum

KgN N -uti Iisation N-

tonnes % utilisation

kg

Digested slurry 6b 1518 5,0 7539 43 3242

Digested slurry 6b 1569 5,0 7817 43 3361

Pig slurry 2724 3,7 10162 45 4573

Animal manure from the

stable 66 5,3 348 40 139

Mink slurry 963 5,4 5207 40 2075

Liquid manure 88 2,7 236 40 94

Total 6927 31309 13485



Timing Fertiliser Amount Amount N-Total N-util isation Utilised

total kg/ha % Kg/ha

N P K S

Field I 7,6 ha winter barley Hanna

03.96 Plan Calcium ammonium nitrate 250 1900 kg 63 0 0 9

25% mMG,S

04.06 Plan Digested slurry 6b 40 304 t 199 49 98 35 98 0

Total 161 35 98 9

Field 2 5,5 ha spring barley for malt Alexis

04.96 Plan Digested slurry 6b 35 193 t 174 60 104 31 85 0

04.96 Plan Calcium ammonium nitrate 35% 125 688 kg 31 0 0 5

mMG,S

Total 135 31 85 5

Field 3 4,8 ha spring barley for malt Alexis

04.96 Plan Digested slurry 6b 35 168 t 174 60 101 31 85 5

04.96 Plan Calcium ammonium nitrate 25% 125 600 kg 31 0 0 5

mMG,S

Total 135 31 85 5

Field 4 6,2 ha winter wheat Lynx

04.96 Plan Calcium ammonium nitrate 25% 350 2170 kg 88 0 0 13

mMG,S

04.96 Plan Digested slurry 6b 35 217 t 174 50 87 31 85 0

Total 175 31 85 13

Field 5 3,3 ha green barley Alexis

04.96 Plan Digested slurry 6b 35 116 t 174 60 104 31 86 0

Total 104 31 86 0




