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Availability of biomass residues (million ton / year)

Large amounts of residues

Source: E4Tech (2014)



Availability
• 6 billion tonnes of urban 

waste, 1 billion 
biodegradable

• Globally, 14 billion tonnes of 
manure, 2.4 billion tonnes of 
crop residues

• Total availability 49-62 of 
Exajoules

• In 2050, 90 Exajoules will 
be available

Residue and waste streams

Source: Smith et al. (2015) IEA Bioenergy



• Urbanisation
• >50% of the population living in 

cities
• Amount of waste increases
• Share of (non-)degradables

• Policy targets
• Waste
• Recycling

• Urban waste as feedstock

Urban Waste



• Hierarchy in waste 
management

• Prevent, Recycle, Recover 
(energy), Dispose

• Upcycle
• Direct and indirect recycling
• Collection system design

• Separate at source – or not
• Public vs private collection
• Drop-off points
• Park and garden waste

Addressing the waste issue



Waste and bioenergy

o Primairy residues

o Agriculturre, forestry

o Manure, straw, tree 
cuttings

o Secundairy and tertiairy 
residues

o Food industry

o Paper- & pulp, fibres

o Households, cities: 
GFT, MSW Langeveld et al. (2016) 

The biobased economy and the bioeconomy in 
the Netherlands



• Mixed waste: OFMSW, non-
organic fraction

• Dedicated biodegradable waste
• Processing and treatment

• Compost and Anaerobic 
Digestion (AD)

• Sewage sludge
• Bioplastics, biomaterials and 

dedicated products
• Interactive process

• Development of business 
models

• Stakeholder mobilisation

Valorisation of MSW



• Mixed waste: OFMSW => CH4 + 
CO2 + water + minerals + 
microbial biomass + organic 
residues

Anaerobic Digestion (AD)



Anaerobic Digestion (AD)



Anaerobic Digestion (AD)



Gasification

Jafri et al. (2020)  Emerging Gasification Technologies 
for Waste & Biomass. IEA Bioenergy





• Developing alternative 
production chains 
demonstrated by lighthouse 
cities 

• Eight lighthouse cities / 
regions, 15 technical 
partners

• Developing circular 
Biobased Economy chains

• Data on waste and 
treatment

• Selection of biobased 
investment options

The HOOP Project



The HOOP Project



• Mixed waste
• Organic Fraction (% of 

MSW)
• Non-organic fraction

• Dedicated biodegradable 
waste streams

• Food waste
• Garden and park waste
• Post-consumer wood

• Other municipal waste
• Sewage sludge from 

wastewater treatment

Waste streams



Urban Waste

• Urban Metabolism
• Analytical 

concept
• Implementation 

and use
• Streams

• Food
• Garden and parks
• Wood
• Water
• (Energy)

• Performance and target 
reporting



Urban metabolism

Source: Sergio Sastre (2019) ‘Cuando Las Cuentas No Cuentan’



• Existing conversion routes
• Options for recycling
• Alternatives
• Biobased options

• Waste streams
• Treatment
• New production chains

Valorisation

Source: Sanders and 
Langeveld (2020)



• Using existing waste streams
• Identify and compare processing options
• Develop value chains

New production chains



• High policy targets have been set on GHG emissions, waste 
reduction and recycling

• Large amounts of MSW can serve as feedstocks for the 
production of energy and biobased materials

• Various routes for energy generation are available
• Anaerobic Digestion (AD) has few barriers
• Advanded technologies are under development 

Conclusion
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