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Landfill bans in the USA (as of June 2021)

Food waste

Yard

Yard: exemption for

landfill with gas
collection

Reference:
US Composting Council
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80 40% of the food produced in the

United States is wasted
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Sources: Food and Agriculture Organization of the United Nations;
Food Waste in the USA — Statistics and Facts; National Conference of
State Legislators NCSL
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2 EPA Wasted Food Scale ‘

How to reduce the environmental impacts of wasted food
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Biogas yield from various substances
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Energy potential in biogas from various substances
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What is thermal hydrolysis?

Heating of sludge
>330°F

... to change
properties

. to
optimize

p rOCGSSi ﬂg Full-scale thermal hydrolysis plants treating
up to 20 tDS/d




Influence of thermal hydrolysis

Reduced Viscosity Solubilization Destruction of ECP Sterilization

Thinner sludge ore realv biodegradabls Slge more No bacterial regrowthw

Works best on difficult to treat material suc

Waste Activated Sludge

Fewer digesters or more
throughput in existing Lower volume of higher quality product
digesters

¥ » 4

[ Lower capital cost ] More revenue Lower operating cost
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. . 1,350
United States References 76 reactors @ 17 trains

Atlantic Plant, HRSD, VA Neuse River, Raleigh, NC
e -..'.rir. e T Hak /! \

Piscataway, WSSC, MD

[> 90 tDS/train]

[< 90 tDS/train]

B6 2P2F San Francisco, SFPUC, CA Kansas City Blue River, KCMO, KA ¢, Auburn, Ml
[extended availability] i 1‘ N | it e AL f [’
L . DN ——— Vs W g

Y '5_=+z

B2
[< 25 tDS/train]
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Landfill Example

1 wet ton

0.741CO.,e

Municipal Digestion plant




Landfill Example

TN 27 — 43 ft3 digestion copocﬁy/T [ S— for s’randard d|ges’r|on
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The economics of co-digestion
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Typical cost breakdown of co-digestion with thermal hydrolysis

ProcessingHaulage
Asset Staff 59% 10% Dewatering
Depreciation_, 3% Power

2% 0%
/ Polymer
5%

Maintenance
3%

Capitalization
Costs of thermal hydrolysis '

<<10% of overall Ligour
. treatment

operating costs Power

0gas 21%

processing
10%
Methanol
Cake 4%
recycling Gas for THP

23% 4%



Experience of combining thermal hydrolysis with co-digestion

Food, source
separated,
grocery store,

elgllgglel Gas yield
byproducts, 03-13

slaughterhouse mM3/1DS
ish-farm etc -

Up o
85% Co-

addifion generation
and

biomethane




Reference list of some co-digestion plants

Site Client Country Commissioned  TDSA Feedstock Product

Verdal - Ecopro Ecopro Norway 2008 8,000 Co-digestion Bl12-2
QSlO - Romerike Municipality of Oslo Norway 2013 15,000 Biowaste B12-2
Biogassanlegg

Vaxjo - Sundet Municipality of Vaxjo Sweden 2015 8,600 Co-digestion B6-2
Lillehammer - GLOR Norway 2016 9,800  Biowaste  B6-2
Mjasanlegget

Anyang - Bakdal K-eco South Korea 2016 33,500 Co-digestion B12-4
Stavanger - Grgdaland IVAR IKS Norway 2017 22,600 Co-digestion B6-2
Medina - : Mixed Sludge
Kenneth W. Hotz Medina County USA 2019 8,200 with organics B2-4
Virginia Beach - Mixed Sludge
Aflantic HRSD USA 2020 30,300 with FOG Bé-4

Chongqging
Chongqging - Luoqi Environment and China 2021 26,300 Co-digestion B12-4

Sanitation Group




Oslo

50% reuse No

production

of waste of waste

materials

100% Evaporator

' ‘ for liquor
Curbside _ standby i

_ treatment
recovery — o — plant
* Useof
landfill gas

Biomethane
plant



O I Landfill gas Biofertilizer
SIO 990 kW

Liquid concentrate 2,800 t/a (<15% DS)

14,250 t steam/yr Solid cake 3,700 t/a (>28% DS)

Liquid 51,100 t/a (4% DS)

Input

Food waste 45,000 t/a

Liquid waste 5,000 t/a

Average DS 28%

Output Energy Demand Biogas Biomethane
Electromagnet 80 t/a @ 87%DS 800 kW thermal 28,400 m3/d 135 buses/a
Plastics 931 t/a @ 70% DS 65% methane

VSR > 79%

Makeup water

55,700 t/a + steam




Ecopro Trondheim

Plastics (bags)

Animal and metal
Municipal byproducts contamination
sludge L LB, removal plant
Food waste —

Fish waste
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Ecopro Trondheim

Recirculation
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Ecopro

Rejects (plastic/grit) Biofertilizer Power Generation

17% of input 12,000 t/yr at 32% DS 0.83 MWe

Input

Food waste 16,000 t/a )
Biogas used to produce THP steam: <5%

Sludge 9,000 t/a
; Recovered waste heat: steam, >350 kW I

Average DS 24%

PRE-PROCESSING

BIOGAS
T Energy demand
470 kW thermal Digestion
Makeup water VSR > 65%
33 -47 m3/d l Gas yield 10.3 SCF/t fed

Wastewater 10% landfill gas used

68 —131 m3/d




Start up 2008

70 wet tons/d
45% sludge with 55% foodwaste
HRT 11 days

Results 2016

VSR 65% (was 45 — 50%)

Biogas yield 10.3/tDS;,4

Cake dryness = 32% DS

Polymer consumed = 7.1 Ib/t DS
Plant availability = 98+%




Lessons Learnt




Bill Barber, Phd
Technical Director

bill.barber@cambi.com

Thank you
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