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Introduction
Decentralized anaerobic digestion in agricultural regions

Fuel, Electricity,
Manure CH, CO, =¥ Heat for farm
Digester
Crop/Food -
resFi)dues Digestate H Fertilizer
NZO Crop g
production

* 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)




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

= 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)
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Methodology

* Two farm biogas typologies in Southern Sweden (Ahlberg-Eliasson et al., 2017)

Substrate/parameter _ Pig slurry Pig slurry & organic
residues (PO)*

Pigslurry e 10, osz 10,927
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‘Biomethane yield

m3 Mg?! FM 10 (+3.3 SEM) 18 (+3.3 SEM)
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solids solids

] kg Mg FM

Pig slurry 62 49.6 1.83 2.63 4.47 0.77 .

‘Food'waste " 260 234 1.40 5.62 7.02 0.57 2.74

_ 150 120 1.25 1.81 3.06 1.57
1.53

IGrassisilagell 250 225 3.39 1.99 5.38 0.87 5.19




Results: Environmental dimension
Global Warming Potential
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= 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
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= 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




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
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Results: Economic and social dimension

* Net present value:
* Raw liquid digestate handling: -0.5 - 2 euro tonne- yr-
* Solid digestate handling: ~4.5 euro tonne-1 yr1 (25 % DW)

* Main impacting factors: nutrient content, spreading strategy,
application rate and time

e Stakeholder perception study:

Crucial o_ints of

Key opportunities

. - ol
Policy for biofertilizers in place (50%) * Quality assurance (100%)
Willingness to use biofertilizers (100%)  Technological developments to
Awareness of and positive opinion on concentrate mineral nutrients in
nutrient recycling (100%) biofertilizer (100%)

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

The overall environmental balance of farm-scale digestion is positive
* Slight increase in eutrophication and acidification potential
e 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 strateqgy, 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.qg.,
temperature, soil texture) over space and time!
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Current work

* Development of a spatiotemporal and multi-dimensional decision-support tool for

organic waste valorization
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ARTICLE INFO ABSTRACT

Keywords: Decentralized anaerobic digestion (AD) of manure and organic residues is a possible strategy to improve carbon
Anaerobic digestion and nutrient cycling within agricultural regions, meanwhile generating renewable energy. To date, there has
Bio-based fertilizers been limited adoption of decentralized AD technology in industrialized countries owing to low profitability for

Circular economy
Resource recovery
Sustainable farming
Nutrient management

plant operators. There remains a need to demonstrate the wider sustainability of small-scale, decentralized AD in
order to justify policy support for such a strategy. This study applies a multi-dimensional assessment of the
environmental, economic and social sustainability of two scenarios of decentralized, farm-scale AD of pig slurry
and organic residues in Southern Sweden. The environmental dimension was assessed by means of an expanded
boundary life cycle assessment, in which trade-offs between fertilizer replacement, soil organic carbon
accumulation, digestate/manure storage and application, transport and soil emissions were evaluated. The
economic dimension was assessed through modelling of the net present value and internal rate of return. Finally,
the social dimension was assessed by means of a stakeholder perception inquiry among key stakeholders in the
field. It was concluded that the overall environmental balance of decentralized AD was favorable, while also the
net present value could be positive. Fertilizer replacement, soil organic carbon and digestate storage effects were
identified as important factors that should be accounted for in future life cycle assessments. A key issue for
interviewed stakeholders was product quality assurance. Wider application of multi-dimensional sustainability
assessment, capturing important nutrient cycling effects, could provide an evidence base for policy to support
sustainable deployment of decentralized AD.
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