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Landfill bans in the USA (as of June 2021)

Yard

Food waste

Yard: exemption for 
landfill with gas 

collection

Reference:

US Composting Council
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Landfills emit 

15.1%
of all the methane generated in 

the United States*
* US EPA, 2018



40% of the food produced in the 

United States is wasted

41 million Americans face 
food insecurity

80 

billion              
lbs per year

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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Biogas yield from various substances



Energy potential in biogas from various substances
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• 12000 BTU/lb

• 960,000,000,000,000 BTU 65
years

of electricity generation at the                   

Hoover Dam
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More energy generation than the 

10
 biggest power plants in the                

United States 

combined



If you are engaging in 

food-waste co-digestion 

you are engaging in 

PFAS 

contamination of 

subsequent digestate and 

biosolids



What is thermal hydrolysis?

Heating of sludge 
>330°F

… to change 
properties

…  to 
optimize               
processing Full-scale thermal hydrolysis plants treating 

up to 20 tDS/d



Influence of thermal hydrolysis

Reduced Viscosity

Thinner sludge

Increased loading 
rate             (co-

digestion)

Fewer digesters or more 
throughput in existing 

digesters

Lower operating cost

Solubilization

More readily biodegradable 
material

More biogas

More revenue

Destruction of ECP

Sludge more 
compressible

Dewaters better
(belts work like centrifuges)

Sterilization

No bacterial regrowth

Minimal odors

Lower volume of higher quality product

Lower capital cost

Works best on difficult to treat material such as 
Waste Activated Sludge
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Total facilities 84

Land application 69

With thermal* 15

Co-digestion 11

* drying, incineration, wet air 
oxidation, gasification



United States References

Blue Plains, DC Water Atlantic Plant, HRSD, VA

TRA, Dallas, TX

San Francisco, SFPUC, CA

Piscataway, WSSC, MD

Neuse River, Raleigh, NC Franklin, TN

Pontiac, Auburn, MIKansas City Blue River, KCMO, KA

Kenneth W Hotz, Medina, OH

76 reactors 17 trains
1,350 

tDS/d
6% of USA

B12                      
[> 90 tDS/train]

B6                          
 [< 90 tDS/train]

B6 2P2F                  
[extended availability]

B2                                
[< 25 tDS/train]



Biogas Infrastructure

Mjøsanlegget, Cambi 

Thermal hydrolysis with                 

co-digestion plant, Norway

Challenges

Photo: HappyApple 
on Wikipedia

Louis Camille 
Maillard

1878 - 1936

Liquor Treatment



Landfill Example

Municipal Digestion plant

0.74 t CO2e

1 wet ton



Landfill Example

Municipal Digestion plant27 – 43 ft3      digestion capacity/t DSprocessed for standard digestion

9 – 12 ft3  digestion capacity/t DSprocessed for THP with digestion



The economics of co-digestion



Typical cost breakdown of co-digestion with thermal hydrolysis

Costs of thermal hydrolysis                    

<<10% of overall 

operating costs



Experience of combining thermal hydrolysis with co-digestion

Food, source 

separated, 

grocery store, 

animal 

byproducts, 

slaughterhouse 

fish-farm etc 

Up to 

85% 
addition

65 – 85% 

VSR

Gas yield                  

0.3 – 1.3 

m3/tDSfed

Co-

generation 

and 

biomethane



Site Client Country Commissioned TDSA Feedstock Product

Verdal - Ecopro Ecopro Norway 2008 8,000 Co-digestion B12-2

Oslo - Romerike 

Biogassanlegg
Municipality of Oslo Norway 2013 15,000 Biowaste B12-2

Växjö - Sundet Municipality of Växjö Sweden 2015 8,600 Co-digestion B6-2

Lillehammer - 

Mjøsanlegget
GLØR Norway 2016 9,800 Biowaste B6-2

Anyang - Bakdal K-eco South Korea 2016 33,500 Co-digestion B12-4

Stavanger - Grødaland IVAR IKS Norway 2017 22,600 Co-digestion B6-2

Medina -                                    

Kenneth W. Hotz
Medina County USA 2019 8,200 

Mixed Sludge 

with organics
B2-4

Virginia Beach - 

Atlantic
HRSD USA 2020 30,300 

Mixed Sludge 

with FOG
B6-4

Chongqing - Luoqi

Chongqing 

Environment and 

Sanitation Group

China 2021 26,300 Co-digestion B12-4

Reference list of some co-digestion plants



Oslo

50% reuse 
of waste 
materials

No 
production 

of waste

• Curbside 
recovery

• Use of 
landfill gas

100% 
standby 

plant

Evaporator 
for liquor 
treatment

Biomethane 
plant



PRE-PROCESSING AD - PLANT BIOMETHANE

Oslo

Input

Food waste 45,000 t/a

Liquid waste 5,000 t/a

Average DS 28%

Output

Electromagnet 80 t/a @ 87%DS

Plastics 931 t/a @ 70% DS

Landfill gas

990 kW

14,250 t steam/yr

Energy Demand

800 kW thermal

Biofertilizer

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

Solid cake 3,700 t/a (>28% DS)

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

Makeup water

55,700 t/a + steam

Biogas

28,400 m3/d

65% methane

VSR > 79%

Biomethane

135 buses/a



Municipal 
sludge 

Food waste
Fish waste

Animal 
byproducts 
regulations

Plastics (bags) 
and metal 
contamination 
removal plant

Mechanical 
dewatering 
(centrifuges)

Upgrade 
to existing 

co-
digestion

Ecopro Trondheim



Ecopro Trondheim



BIOGAS

Recovered waste heat: steam, >350 kW

Biogas used to produce THP steam: <5%

PRE-PROCESSING AD - PLANT CO-GENERATION

Input

Food waste 16,000 t/a

Sludge 9,000 t/a

Average DS 24%

Wastewater

68 – 131 m3/d

Makeup water

33 – 47 m3/d

Energy demand

470 kW thermal

Rejects (plastic/grit)

17% of input

Biofertilizer

12,000 t/yr at 32% DS

Digestion

VSR > 65%

Gas yield 10.3 SCF/t fed

10% landfill gas used

Power Generation

0.83 MWe

Ecopro



Ecopro

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/tDSfed

Cake dryness = 32% DS

Polymer consumed = 7.1 lb/t DS

Plant availability = 98+%



Lessons Learnt



60

Thank you

Bill Barber, Phd
Technical Director

bill.barber@cambi.com
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