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Introduction
Decentralized anaerobic digestion in agricultural regions 
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• Logistically attractive in rural areas: feedstock locally available 
• Less economically attractive: non-supportive regulatory framework and lack of 

economic incentives for potential investors 
• Lack of knowledge and quantitative studies on potential benefits 

 Currently < 1% of the potential benefits from anaerobic     
 digestion is being used (EUBIA, 2017) 

 Currently < 1% of the potential benefits from anaerobic     
 digestion is being used (EUBIA, 2017) 
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Introduction
Existing sustainability assessment studies (LCA)

• Fertilizer replacement value of recovered nutrients not or not accurately accounted for

• Soil organic carbon effects not included

• Inconsistent representation of environmental effects related to storage of manure or digestate 
(GHG emissions, nutrient losses) 

• Economic benefits/losses when changing farm management practices often not assessed 

• Social perception in the agricultural region not assessed 
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 Need for a holistic and multi-dimensional sustainability 
 assessment framework 

 Need for a holistic and multi-dimensional sustainability 
 assessment framework 



Objectives

• To identify the environmental, economic and social sustainability of using digested waste instead of raw 
animal manure and chemical fertilizer in decentralized agricultural regions (case study: Southern Sweden) 

52nd International Resource Recovery Conference 
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Methodology
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Substrate/parameter   Pig slurry 
(P)

Pig slurry & organic 
residues (PO)*

Pig slurry Substrate 
Loading Rate 
(Mg FM yr-1)

10,052 10,927
Food waste 0 535
Slaughterhouse waste 0 1,042
Grass silage 0 185
       
Biomethane yield m3 Mg-1 FM 10 (±3.3 SEM) 18 (±3.3 SEM)
*Composition derived from approximate average % VS contributions across 9 
plants of 65% pig slurry, 15% food waste, 15% slaughterhouse waste, and 5% grass 
silage (Ahlberg-Eliasson et al., 2017)

• Two farm biogas typologies in Southern Sweden (Ahlberg­Eliasson et al., 2017)
  

• Substrate characteristics
Substrate Total 

solids
Volatile 
solids

Norg NH4-N Ntot P K

  kg Mg-1 FM
Pig slurry 62 49.6 1.83 2.63 4.47 0.77 2.0
Food waste 260 234 1.40 5.62 7.02 0.57 2.74
Slaughterhouse 
waste

150 120 1.25 1.81 3.06
1.53

1.57

Grass silage 250 225 3.39 1.99 5.38 0.87 5.19
(Ahlberg-Eliasson et al., 2017)(FNR, 2012) (Styles et al., 2016) 



Results: Environmental dimension
Global Warming Potential

72nd International Resource Recovery Conference 

Global warming potential significantly reduces through pig slurry digestion
Main impacting factor: avoidance of conventional manure management 

(slurry storage + spreading) 

Global warming potential significantly reduces through pig slurry digestion
Main impacting factor: avoidance of conventional manure management 

(slurry storage + spreading) 



Results: Environmental dimension 
Eutrophication Potential 

82nd International Resource Recovery Conference 

Eutrophication potential slightly increases through pig slurry digestion
Main impacting factors: ammonia emissions from digestate storage and application 

vs. counterfactual emissions from undigested pig slurry storage and application

Eutrophication potential slightly increases through pig slurry digestion
Main impacting factors: ammonia emissions from digestate storage and application 

vs. counterfactual emissions from undigested pig slurry storage and application



Results: Environmental dimension 
Acidification Potential 
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Acidification potential slightly increases through pig slurry digestion
Main impacting factors: ammonia emissions from digestate storage and application 

vs. counterfactual emissions from undigested pig slurry storage and application

Acidification potential slightly increases through pig slurry digestion
Main impacting factors: ammonia emissions from digestate storage and application 

vs. counterfactual emissions from undigested pig slurry storage and application



Results: Environmental dimension 
Fossil Resource Depletion Potential 
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Fossil resource depletion potential significantly reduces through digestion
Main impacting factors: avoided fossil energy use, fertilizer replacement and soil 

organic carbon effects vs avoided manure management 

Fossil resource depletion potential significantly reduces through digestion
Main impacting factors: avoided fossil energy use, fertilizer replacement and soil 

organic carbon effects vs avoided manure management 



Results: Economic and social dimension 
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• Net present value: 
• Raw liquid digestate handling: -0.5 - 2 euro tonne-1 yr-1 
• Solid digestate handling: ~4.5 euro tonne-1 yr-1 (25 % DW)
• Main impacting factors: nutrient content, spreading strategy, 

application rate and time

• Stakeholder perception study: 

Key opportunities 

• Policy for biofertilizers in place (50%)
• Willingness to use biofertilizers (100%)
• Awareness of and positive opinion on 

nutrient recycling (100%)

Crucial points of 
attention

• Quality assurance (100%)
• Technological developments to    

concentrate mineral nutrients in 
biofertilizer (100%)

• Transport distance from the biogas plant 
to the fields (100%)



Conclusions

• The overall environmental balance of farm-scale digestion is positive
• Slight increase in eutrophication and acidification potential  
• Significant reduction in global warming potential and fossil resource depletion   
• Adapted digestate storage and application strategies can improve the overall balance 

• The net present value of digestate handling at farm-scale can be positive
• Main impacting factors: nutrient content, spreading strategy, application rate and time

• Stakeholder perception on the use of recycled products in agriculture is positive
• Key issue = quality assurance! 

• Key barrier for multi-dimensional sustainability assessment  
=  wide variation of feedstock characteristics and environmental conditions (e.g., 
temperature, soil texture) over space and time!
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Current work 
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• Development of a spatiotemporal and multi-dimensional decision-support tool for 
organic waste valorization 



Further reading
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Questions ?
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celine.vaneeckhaute@gch.ulaval.ca
https://bioengineblog.wordpress.com
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