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Title 
Recycling of nutrients and carbon in agricultural residues by use of anaerobic digestion  

Submitted by: 
BONUS RETURN -project 

Description of measure 
Recycling of agricultural residues (horse manure, set-a side grass and grass from buffer zones) by use of 
centralised anaerobic digestion which produces biogas, and liquid and solid digestate phases. The 
digestates are concentrated sources of nutrients, such as N and P, that can be applied back to fields as 
organic fertilizers.  
The key are the substances that are not utilised today (manure, set a side grass, etc.) 

Activity:  
Agriculture 
 

Pressure: 
Input of phosphorous 
Input of nitrogen 
Input of organic matter — diffuse sources and point sources 
 

State: 
Nutrients 
Decreasing nutrient loading and concentrations 
Circular use of nutrients, reducing the net use of mineral fertilizers 
 

Extent of impact: 
The measure is applicable in areas with agriculture, especially with animal husbandry. The impact 
depends on the extent of application of the measures. The measures reduce pressure from agricultural 
land in catchment areas.  

Effectiveness of measure 
Based on a systems analysis study comparing different approaches to manage and recycle agricultural 
wastes in the Vantaanjoki catchment area – an approach with anaerobic digestion would recycle almost 
100 % of nitrogen and phosphorus, and this recycling will replace the same amount of mineral fertilisers 
and on long term also reduce the fluxes of nitrogen and phosphorus to the Baltic sea. Another 
deliverable of the system is biogas.   
 
Based on model simulations with SWAT model, the increased application of organic material to the fields 
will change the soil parameters in the field (changes based on expert judgement) in a way that both 
erosion and nutrient loading will decrease. However, the amount agricultural residues in Vantaanjoki 
catchment were not that significant that it would result in significant loading reductions to the Baltic sea. 
The situation could be different in intensive areas of animal husbandry, with excessive production of 
manure. 

Cost, cost-effectiveness of measure: 
Cost-benefit analysis shows that the benefits exceeds the cotst and a scenario with anaerobic digestion 
provides a net present value of 67.mio € for the catchment area 
 



Feasibility: 
Requires lot of logistics in centralised treatment. The transport of substrates are 73 000 tonnes to the 
biogas fascility and more or less the same amount back to field. This amount is comparable with food 
waste from 73 000 persons. However, decentralised option has less transport, but less synergies with 
other systems (like district heating, operation and maintenance), increasing the cost. 
 
There may be some obstacles in regulation in implementing the production in large scale. In Finland, the 
dairy company Valio has had a project for setting up a facility for handling manure, but there were 
problems with getting the environmental permit due to point source loading from waste waters of the 
production, even though the benefits in catchment scale would positive. 
 

Follow-up of measure: 
Indicator: Number of anaerobic digestion plants mainly agricultural residues 
We had a multicriteria analysis including 10 sustainability criteria, that can be used as indicators. 
 

Background material: 
Literature review and data collection from scientific and gray literature 
MCA and CBA assessment 
Systematic evidence maps 
Systematic evidence review 
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COOK

Measure

Recycling of nutrients and carbon
in agricultural residues by use of

anaerobic digestion

Stream:  Type of measure:

Area of operation:

#E1 Problem description:

Recycling of agricultural residues (horse manure, set-a

side grass and grass from buffer zones) by use of

centralized anaerobic digestion which produces biogas,

and liquid and solid digestate phases. Anaerobic

digestion is an advanced treatment method that

employs microorganisms to break down and convert

biodegradable matter into products that include biogas,

liquid fertilizer and solid matter. The digestates

produced, such as N and P, can be applied back to

fields as organic fertilizers. The digeststates produced

are more accessible for plant-uptake due to their high

concentratation of nutrients and cleaner from

pathogens than previous to treatment. A key aspect of

this measure is to recycle the substances that are not

utilized today (manure, set a side grass, etc.). Apart from

fertilizers, digestates can also be used to produce

biogas. At a farm-level biogas can allows farmers to

operate ‘off the grid’ and reduce reliance on utilities.

Flow
eco-technology

Land -based

Actions required

Construction of centralized

biogas plants capable of

digesting various biowastes.

Expected effects

Improved soil structure, higher

water retention capacity => less

surface runoff, higher crop yields

and lower erosion & nutrient

leaching. 

Increased organic carbon content

of agricultural soils.  

£

Using the digestates

(concentrated sources of nutrients

with propitious N:P ratio) in fields

poor in nutrients and carbon as

valuable organic fertilizers.

https://phys.org/news/2016-06-farm-to-food-aims-effect-manure-antibiotic.html



COOK

Measure

Transportation of
anaerobically digested

manure

Stream: 

Type of

intervention:

Area of operation:

#1 Problem description:

Regions with intensive animal production generate

more manure than what is necessary for local crop

production. This typically leads to over-application of

manure in these regions, with increasing nutrient

concentrations in soils as a result. Such nutrient-rich

soils are prone to emissions to water bodies through

leaching and erosion. If manure can be transported to

areas where animal production is less intensive, it could

instead become a valuable resource. However,

transportation of manure is costly due to the high

volumes and relatively low nutrient concentrations

compared to mineral fertilizer. Anaerobic digestion can

be applied to manure to capture its energetic value in

the form of biogas. In addition, the resulting digestate

has a higher concentration of nutrients than the manure

itself, which allows for efficient transportation. However,

anaerobic digestion facilities with accompanying

dewatering equipment can be too expensive for

individual farmers to purchase. Research should thus

focus on exploring technologies, collaboration forms,

and policies that could reduce the costs for dewatering

and reducing volumes.

Stocks

eco-technology

Land -based

Actions required

Funds should be allocated towards the

implementation of centralized anaerobic

digestion facilities to which small-scale farmers

can transport manure.

Farms with a high number of livestock heads and

livestock-to-farmland ratio (exact figures to be

decided at a later point) should be required to

either fund their own anaerobic digestion

facilities, or contribute funds towards a

centralized facility.

Expected effects
Will ensure the transportation of nutrients from

nutrient-rich to nutrient-poor soils through strict

requirements

The brunt of the cost is absorbed by large-scale

livestock producers, which is the root cause of the

problem at hand. This incentivizes small-scale

farming with integrated crop and animal production.

£
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