Bio energy and biomass
23rd April 2021

55

Valorisation of rural and urban biowaste:
feedstocks, technologies and
production chains

J.W.A. Langeveld and P.M.F. Quist-Wessel (Biomass Research /
Research4Llife)




Contents

* Urban waste (MSW)

 \alorisation of MSW

e \Waste streams
e Treatment
 New production routes

e (Conclusion




Large amounts of residues
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Availability of biomass residues (million ton / year)

Europe Global

Biomass e
typ current current

MSW biodegradable
C&l
Animal manure

Straw

POME

EFE

Bagasse

Husks

Bark, branches, leaves

Black and brown liquor

391
460

969
405

459

359

1,377

1,392

2,694
1,941
10,320
4,963
60
81
1,205
583
532

498

2,390
12,016
5,240

172
1,748

1,276

1,714




Residue and waste streams

Avallability
e 6 billion tonnes of urban
waste, 1 billion “ Doeners”
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



Urban Waste

« Urbanisation
« >50% of the population living in
cities
« Amount of waste increases
« Share of (nhon-)degradables

 Policy targets
« Waste

 Recycling
e Urban waste as feedstock




Addressing the waste issue

PREVENTION

Avoid generation of bio-waste
(.0, smart food production, distribution and
tonsurmplion, smart gardening)

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

Figure 5. Hiearchy in waste management policy

Source: Joint Research Centre (2011)




MNetherlands

Waste and bioenergy

Primairy residues 300

250

Agriculturre, forestry

200

B Munip waste

150

Plfyear

Manure, straw, tree
cuttings e

B Biogas

®m Sclid biofuels

Germany

Secundairy and tertie
residues

Food industry ; a Munip waste

B Biogas

Paper- & pulp, fiDIje ® Soldbiofuet

B Biomas wastes

Households, cities
GFT, MSW




Valorisation of MSW

Mixed waste: OFMSW, non-
organic fraction
Dedicated biodegradable waste

Processing and treatment

« Compost and Anaerobic
Digestion (AD)

e Sewage sludge
« Bioplastics, biomaterials and
dedicated products

Interactive process
* Development of business
models
« Stakeholder mobilisation



Anaerobic Digestion (AD)

Livestock bedding

Figure 2. Co-digestion of multi feedstocks for waste reduction and energy recovery.



Anaerobic Digestion (AD)

Table 1. Potential feedstocks for co-digestion to balance nutrient with regard to C/N ratio [26,50-52].

Feedstocks with Max
/N Ratio <20

C/N Ratio

Feedstocks with Max
C/N Ratio <40

C/N Ratio

Feedstocks with O'N
Ratio Around or =50

C/N Ratio

&4
11

OFMSW ?
Cow dung
Horse manure
Kitchen Waste
Peanut shoots / hulls

Slﬁugfltﬂ'}muse waste

24

2025
2529

22-37

Potatoes
Olat straw
Com stalks/ straw
Fallen leaves
Rice straw

Seaweed

560
48-50

50-56
50-53

51-67

Mixed food waste

Algae

Waste cereal

16-40

Sugar cane/bagasse

Sugar beet/Sugar
foliage

3540

Sawdust

200-500

Waste cereals

16-40

Note: ! Thickened Waste Activated Sludge, * Caned Seafood Waste, * Organic Fraction of Municipal Solid Wastes.




Anaerobic Digestion (AD)

Product Unit

Total Solids % of Fresh Matter 15 457
Volatile Solids % of Total Solids 38.6-754
pH e )
N Total % of Dry Matter 31-14
idem % of Fresh Matter 0.12-15
Nitrogen NH, % of total N 35-81
Total phosphorus % of Dry Matter 02-0.35
idem % of Fresh Matter 0.04-0.26
Total potassium % of Dry Matter 0.19-4.3
idem % of Fresh Matter 012-1.15




Gasification

Advanced Biofus| Solution Ltd's RadGas Technology

Cygen

Feedstock _P:ga-paratinn
& Dinying

Methanation
(Westa Technology)







The HOOP Project

« Developing alternative

prOd UCtion Cha| ns PDA for Circular Bottom-up novel Stakeholder & European network &
Cities Systemic business models investment replicability

demonstrated by Iighthouse Innovation mobilisation Create a network of follower

Specific for each e : o
o e ‘ cities adopting the valorisation
Cltl eS Provide technical, cipaity, g 9 Creation and processes

. social innovation, . ,
economic, legal, i . management of a
replicable in the follower

E : ht I : hth 't' / feasibility studies and o o e ot C‘ircu\ar Investors Board Create an online platform
Ig Ig O U Se CI IeS business assistance to a .,tgt‘e;‘ Tt: re\,'u I . (CIB) and Circular Bio- acting as market place of the
series of “lighthouse” citizen & Stk engagemen based Innovation project’s results & beyond for

regions, 15 technical

parner B

Developing circular

Biobased Economy chains
« Data on waste and
treatment
Selection of biobased
investment options




The HOOP Project

INVESTMENT BOARD ke

Assistance .
Technological

Assessment

Financial assistanca—
seek public/private
funding

Circular Urban

Analysis of tailored
CE investment

: s
-Socio-economic context
-Commitment from Stakeholders
el

Business Models

-Political Support
-Analysis of urban metabolism

CITIES/REGIONS
Public procurements
Boosting Private investments Aggregationof h
small-scaleprojects
INVESTMENTS =

PILOT CIRCULAR
PROJECTS




Waste streams

= = ~

Waste categories, (7| Non-organic fraction of mixed waste
Mixed waste — ' ]

Mixed waste ' | [Meston e |

Dedicated biodegradable P

waste streams waste
* Food waste

» Garden and park waste
 Post-consumer wood

Other municipal waste
Sewage sludge from
wastewater treatment

Total i
« Organic Fraction (% of B ——— Foodwase |5 [Naretwaste
waste
MSW) | | HoReCa waste.
o s |
» Non-organic fraction I|“w’m’ﬂﬂtw"-ﬂﬁf-tI
Tota
|




Urban Waste

Urban Metabolism

* Analytical
concept
Implementation
and use

Streams

« Food

« Garden and parks

e Wood

« Water

* (Energy)

Performance and target

reporting

| Sources

Industry

Retail / Shops

1l Collection

Waste
Collector

Consumers

Public Space

Collection
Point

11l Treatment

Water
Treatment

Incineration

Sewage
System

IV Final Use

Energy

Soil
Treatment

Composting

Dumping

Feedstock

No Use




Urban metabolism

% Residuos mezdlados

9 Envases ligeros

0 Papely carton

B Envases de vidrio

0 Fraccién organica recogida separadamente
W Fraccién vegetal recogida separadamente Recicla je 2016:33.9%
B Ofras recogidas selectivas
" Materiales recuperados
W Rechazos

I Bioestabilizadoy pérdidas
W Compostadoy pérdidas

© Rediclgje

RM: Residuos mezclades
RS: Recogida selectiva

T: Instalaciones de triaje

Generacidn 21.695.027

T+C: Instalacicnes de triaje y compostaje

T+B+C: Instalaciones de triaje, biometanizacién y compostaje

Sin trat: sin tratamiento

C:Instalaciones de compostaje

B+C: Instalaciones de biometanizacion y compostaje
Clas: Plantas de clasificacion

Rec: Materiales recuperades

Bio+P: Materiales bicestabilizades y pérdidas
Comp+P: Materiales compostados y pérdidas

Inc: Incinceracion

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



Valorisation

Existing conversion routes
Options for recycling
Alternatives

Biobased options

* \Waste streams

* Treatment

* New production c

Proteins

Chemicals

materials

Very high volume, too little vz

FIGURE 2.1 Ecopyramid.



New production chains

* Using existing waste streams
* |dentify and compare processing options
* Develop value chains

THREE VALORISING LINES OF URBAN BIOWASTE

; : : Treatment by Final
Selective Biowaste Treatment
T ; . Industrial Partners & Marketable
collection in cities in Woste Manaogement Plant Irtermediate Praduct Praduct

METHANE

_ : INSECT
DIGESTATE PROTEINS

BIOWASTE

URBAN DIGESTER @

, NITROGEN & - BIOBASED
EFFLUENT PHOSPHOROUS L@ FERTILISER




Conclusion

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
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