Sustainability effects associated with
biogas solutions

— a scientific literature review

Jonas Ammenberg, Senior Associate Professor
Biogas Solutions Research Center (BSRC)
Head of unit: Industrial and Urban Symbiosis
Environmental Technology and Management
Linkdping university, Sweden

Swedish I ; e Uriver
LINKOPING Sw?dlsh University of L L Sol tions
Energy Agency I.“ UNIVERSITY ;{% Agrcuturl Scisnces 01d 50 participating organisations | Eesl:earc h
‘) enter



Biogas Solutions Research Center (BSRC)

« National, transdisciplinary

« 2 universities, 10 divisions, about 50 researchers (c. 20 are PhD students)

« About 50 partners — various companies, public and interest organizations
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New report @
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Content

1. Introduction Identification and assessment of
. sustainability effects associated with

2. Sustainability effects associated with biogas solutions biogas solutions

-Literature review and perspectives from five countries

- Scientific literature review (53 effects)
. . . . IEA Bioenergy: Task 37
3. Sustainability assessments of biogas solutions March 2025
-focus on monetization

4. Biogas solutions in different countries — contexts and
sustainability effects

-Canada, France, Norway, Sweden, Switzerland

5. Conclusions and guidance for policy makers
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Comparable (?) complementing/competing alternatives

[Electrification emphasized! ]

A complicated and
expensive way of
producing electricity?

|| J

[ But these systems may be ‘mono-functional’!? ] and this ‘multi-functional’!? ]
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Biogas (RNG) solutions and associated effects

Substitution of fossil fuels

Climate ....
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Biogas (RNG) solutions and associated effects

Examples of energy and transport related effects: Fuel
* Improved energy and transport security Il

* Improved energy system robustness, flexibility [ ‘ 1 Electricity
* Reduced climate impact (substituting fossil energy carriers) B

* Reduced air pollution (substituting other energy carriers) b

* Reduced noise levels (substituting other energy carriers, HDV)

« Impact on eutrophication (negative or positive)

Important to avoid: methane leakage/slippage
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Biogas (RNG) solutions and associated effects
CO,: BCCS/BCCU
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Biogas (RNG) solutions and associated effects

Cco,

Effects related to BCCS/BCCU:

High quality biogenic carbon dioxide can substitute other
products

« Impact depending on what is substituted ... l By Electricity

Utilizing CO, from S
. . (1]
biomethane production
LHALN]

Sustainability and climate

performance Co
2
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Biogas (RNG) solutions and associated effects
(;Oz3 BCCS/BCCU

Digestate ... /£ ..used as 'biofertilizer’
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Biogas (RNG) solutions and associated effects

Examples of digestate (used as ‘biofertilizer’) related effects:
* Improved food security
* Nutrient security, phosphorus

» Improved soil fertility
— organic matter and microbial activity

— fertilization

» Reduced climate impact (carbon seq. & replacing mineral fert.)

» Reduced problems of eutrophication

° . . y "é‘«,’/ . oy

Improved soil water retention Digestate ... ( ..used as 'biofertilizer’

_— : , , >
 Facilitation of ecological/organic farming .
Important to avoid: soil compaction and spreading of pollutants o
iogas
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Good fertilization practices are important. Soil systems are complicated | Eessarch



Biogas (RNG) solutions and associated effects
COZ: BCCS/BCCU
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Biogas (RNG) solutions and associated effects

Examples of ‘feedstock related effects’, waste and wastewater
treatment services:

« Safe waste management

« Water security

« Valorization of waste and byproducts, improved separation
* Reduced climate impact (landfills)

* Improved land flexibility (avoided landfills)

» Cost efficient industrial waste and wastewater treatment, may
allow increased production

Feedstock
Important to avoid: poor management and installations (odor, etc)
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Biogas (RNG) solutions and associated effects

Examples of feedstock related effects, agriculture:

Feedstock

« Agricultural land availability, demand
« Improved resource efficiency, valorization of agri. residues

« 'Intermediate crops’ and/or catch crops in well-designed rotation systems

Soil fertility

Weed prevention, reduced use of pesticides

Reduced climate impact (roots)

Improved nutrient management (reduced need of mineral fertilizers)

Reduced risk of flooding and water erosion

* Improved manure management

Reduced climate impact

Less odor (pig manure)

* Impacts on biodiversity, eutrophication and water use (positive or negative)

Biogas

Important to avoid: unwanted competition with food or fodder | Reeiarnns
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Biogas (RNG) solutions and associated effects

CO,: BCCS/BCCU
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Digestate ... ...used as 'biofertilizer’

Feedstock
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I Multifunctional - beyond energy/electricity! l ‘ cosearch




Biogas (RNG) solutions and associated effects

Examples of broader societal effects:

Societal resilience,
security of critical
supplies

Sustainability city
branding

Local development,
employment, and
‘sustainable growth’

Circular economy

Societal sustainability
objectives

Feedstock

CO,: BCCS/BCCU

Fuel

Electricity

)
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Digestate ... ...used as biofertilizers

Agricultural resilience

Biogenic carbon source

Efficient bioeconomy,
critical component in bio-
refineries

Improved management
and use of natural
resources

Improved health,
reduced health related
costs
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Reference cases, systems perspectives

Reference systems very essential — what is compared and replaced?

Current systems vs systems involving biogas solutions

— Waste and wastewater treatment systems
— Agricultural contexts and practices
— Energy and transport systems

Sustainability performance context specific, but generally strong

— lItis also context specific for electricity, hydrogen, fossil fuels, ...
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SUSTAINABLE ™ &
DEVELOPMENT ‘«J.SALS

EQUALITY B AND SANITATION

. . il | - v
Take aways for biogas solutions " mEmr=mEm =

AND PRODUCTION

* Multi-functionality:

— Main asset and challenge! Knowledge and compensation
— Broad sustainability assessments required to consider relevant values/effects

— The broader assessments, the better results - can contribute to a wide range of societal
benefits

* Broad product and value chain contribution to meeting the same objective

— e.g. reduced climate impact related to feedstock, use of biogas/biomethane, ‘biofertilizers’
and biogenic CO,

 Critical and strategic components in a future more biobased and circular economy
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