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Inconsistent estimate of future biomass supply

Slade et al., Nature Climate Change 2014, 4, 99–105

Waste and residues

• No competition with food 

• Lower environmental 

impacts

Regional variability needs 

to be addressed
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Lignocellulose residues for net-zero 2050

Huo, J. et al. Region-specific sourcing of lignocellulose residues as renewable feedstocks for a net-zero chemical industry. Environ. Sci. Technol. 58, 13748–13759 (2024)

1. Biomass availability
• As functions of the production and yield of 

the main products

Wheat
Wheat straw

theoretical

2. Life cycle assessment

ecological

available

Shared socioeconomic 
pathways: SSP2

Climate mitigation: 
RCP1.9 (net-zero 2050)

Integrated 
Assessment Model
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Increasing availability with large regional variations

Huo, J. et al. Region-specific sourcing of lignocellulose residues as renewable feedstocks for a net-zero chemical industry. Environ. Sci. Technol. 58, 13748–13759 (2024)

Global available potential* Spatial distribution in 2050*

China

IndiaBrazil

USA

* Under lower-end estimation

25%

75%
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Environmental impacts vary by source and region

Huo, J. et al. Region-specific sourcing of lignocellulose residues as renewable feedstocks for a net-zero chemical industry. Environ. Sci. Technol. 58, 13748–13759 (2024)

Net-zero scenario in 2050

Climate change: 

• agricultural activities

Biodiversity loss: 

• intensified forest 

management 

• vulnerable eco-regions

*potentially disappeared fractions of species

Climate change Land-related biodiversity loss
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Regionalized biomass sourcing strategies

Huo, J. et al. Region-specific sourcing of lignocellulose residues as renewable feedstocks for a net-zero chemical industry. Environ. Sci. Technol. 58, 13748–13759 (2024)

Biomass with large quantity 

and low impact to be 

preferred

Avoid biomass with high 

biodiversity loss impacts

Preferred sourcing direction

Avoided sourcing area

6% availability

47% biodiversity loss

Example threshold
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Lignocellulose residues are not sufficient

Huo, J. et al. Global plastic industry transition addressing key drivers of the triple planetary crisis. Environ. Sci. Technol. 59, 19257–19268 (2025)

Minimum achievable climate change impact of the global plastic industry in 2050

To achieve net-zero in 

2050, the plastic industry 

alone would need >90% of 

the available potential of 

lignocellulose residues

Net-zero possible
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Additional biomass resources are needed

Vanessa Burg, 

Swiss Federal Office of Energy

Sandrine Werner & Sophie Bogler

ETH Zurich 

Switzerland
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Manure has the largest sustainable potential in Switzerland

Burg, V. et al. Analyzing the potential of domestic biomass resources for the energy transition in Switzerland. Biomass and Bioenergy. 111, 60–69 (2018)
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Manure is already used for bioenergy

Werner, S. et al. Unlocking manure’s biogas potential from local to national scale: A case study of Switzerland (under review) 
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Manure is already used for bioenergy

Bogler, S. et al. (in preparation)

>30% of biogas production 

(2 PJ) in Switzerland 

comes from agricultural 

sources (mostly manure)

Only 5% manure is 

currently utilized for 

energy generation

But it remains largely untapped

PRELIMINARY, DO NOT CITE
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Manure-to-energy brings climate benefits

Werner, S. et al. Unlocking manure’s biogas potential from local to national scale: A case study of Switzerland (under review) 
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Opportunity to combine with CCUS

Bogler, S. et al. (in preparation)

>500 kt biogenic CO2 

emissions

86 kt from biogas 

upgrading, easy for capture 

and storage or utilization

PRELIMINARY, DO NOT CITE
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Plan a new biogas plant?

Werner, S. et al. Unlocking manure’s biogas potential from local to national scale: A case study of Switzerland (under review) 

Interactive decision 

support tool will be 

available to assess the 

suitability of a location for 

an agricultural biogas 

plant

Web-based GIS platform 
providing spatial information on:

• Manure-based energy potential

• Regulatory framework for 
plant siting

• Technical restrictions

• Climate change impacts
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1. Increasing but spatially uneven available 
potential of lignocellulose residues. 

2. Lignocellulose residues alone are not enough 
for net-zero 2050.

3. Regionalized assessments are essential.

Take-home messages

e.g., for Switzerland, manure is the 

biggest untapped biomass resource 

and can be paired with carbon 

capture and storage or utilization.
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Thank you

Jing Huo

Chair of Ecological Systems Design, ETH Zurich, Switzerland

jhuo@ethz.ch

IEA Bioenergy Task 40 Deployment of Biogenic Value Chains and Carbon Management

mailto:jhuo@ethz.ch
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