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https://chronohunter.com/chronicles/rolex-
daytona-waitlist-2023-why-is-there-a-minimum-
5-year-wait

A waiting list?
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https://chronohunter.com/chronicles/rolex-
daytona-waitlist-2023-why-is-there-a-minimum-
5-year-wait

"Manure is absolutely a hot commodity," said 
Kampschnieder, who works for Nebraska-based 
Nutrient Advisors. 
"We've got waiting lists."

A waiting list?
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ETIA S.A.S

Vow ASA

Vow Industries 
AS 

Scanship AS

Scanship 
Americas Inc.

Scanship 
Poland

Vow Green Metals AS

Vow-US Inc. Vow 
Automation AS

C.H. Evensen
Industriovner AS 
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MICROWAVE ASSISTED 
PYROLYSIS SYSTEM 
• Reactor 30 kW MW 
• 100 kg/h
• 650 deg C 

• Activation section 
• 900 deg C
• CO2, H2O, O2

• Compact
• Easy to operate
• Approved for marine operation

• First installation 2023 in Cruise Ship
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ETIA ECOTECHNOLOGIES
T E C H N O L O G Y  P R E S E N T A T I O N

Over 30-year experience in electrically heated 
technology development

150 systems installed worldwide

Leader in food sterilization technology utilizing 
Spirajoule

Continuous pyrolysis (Biogreen) since 2003

Vast knowledge base in pyrolysis process and output 
valorization
Strategic partnerships in key thermochemical recycling 
projects:

► Repsol (Spain) – pyrolysis of plastics for molecule 
recovery

► Arcelor Mittal (Luxembourg) – pyrolysis of forestry waste 
to produce CO2 neutral energy and biocarbon for 
metallurgy

► GRTgaz (France) – upgrading pyrolysis gas for grid 
injection
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Sewage sludge - waste or 
valuable resource?

• Carbon
• Micro and macro nutrients
• Heavy metals
• PAH, PCDD/Fs and PCBs 
• PFAS / The 'forever chemicals'
• Microplastic
• Pharmaceuticals
• Flame retardants
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Sewage sludge -
wide variation in 
the destinations

Eurostat statistics:

• fertilizer for agriculture (Ireland, 
89 %) 
• composting (Hungary, 74 %)
• landfill (Malta, 100 %)
• incineration (Netherlands, 87 %) 

2018-2019 data
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PFAS fate during incineration

Results demonstrate that some PFASs are not fully degraded 
by the high temperatures during full-scale waste-to-energy 
conversion and can be emitted from the plant via ash, gypsum, 
treated process water, and flue gas.

Tolerable intake of 
0.63 ng/kgbw-day
European Food Safety 
Authority (2020)

The 'forever chemicals'
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PFAS fate during pyrolysis

• Persistent / Mobile / Toxic
• > 15 000 compounds

• 40-60 PFAS compounds 
(standard lab methods / 
shortfalls in analytical methods)

• EOF (90% of the EOF could not 
be explained by the 40-60 
compounds) 

• Top assay (a new leading-edge 
approach, but lack of 
standardized methods)

The 'forever chemicals'
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Ecotoxicity and environmental risks

Pyrolysis at temperatures >500 °C 
effectively removed the OPFRs in 
the produced biochar. 

Pyrolysis at ≥ 500 °C eliminated 
PCDD/Fs and PCBs (>99.9% removal 
efficiencies) in sewage sludge 
feedstocks
Pyrolysis at 600-800 °C: 2-23 mg/kg 
PAH (EBC-Agro limit 6 mg/kg)

• Full-scale pyrolysis at 500-800 °C
• Heavy metal mass balance established 

for feedstock, biochar, condensate, and 
flue gas

• Biochar: Cu, Zn exceeded EBC-Agro
threshold values

• Leaching tests show heavy metals are 
much more mobile in wood than sludge 
biochars (within the same order of 
magnitude or higher)

• Sewage biochar: relatively high total HM 
contents, but decreased leaching 

• Wood biochar: low total HM contents, 
but increased leaching 
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Clean up from contaminants

Sorption effectiveness 
better for sewage sludge 
biochars than wood-based 
biochar and similar to 
activated carbons.

Adsorption of 
pharmaceuticals and 
personal care products in 
treated greywater –
Adsorption performance 
of sewage sludge biochar 
is similar to commercial 
activated carbon

Sewage sludge biochar is a 
promising sorbent for 
removing pharmaceuticals 
(acetaminophen and 
carbamazepine) from 
water and its performance 
is slightly lower in 
comparison with activated 
carbon
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Waste/sludge-based biochars
can be an effective 
alternative to e.g. fossil 
based activated carbon for 
remediation of PFAS 
contaminated soil.



High-value adsorbents and catalysts/carriers
Fe-catalyst 1000 - 10000 USD/t Examples of catalytic processes:

• advanced oxidation processes (AOPs) (sulfate 
activation system (Yu et al., 2019)

• Fenton-like system (Tu et al., 2012)
• photodegradation system (Mian and Liu, 2019) 
• ozonation system (Huang et al., 2017b) 
• electrocatalysis (Yuan and Dai, 2016) 
• thermal catalysis (pyrolysis) (Qiu et al., 2020). 

Iron oxide Sigma Aldridge  
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Adsorption of PFAS, 
pharmaceuticals,
heavy metals, Nutrients 

1) Pyrolysis
2) Clean-up from    
contaminants 
(PAH/PFAS/pharma
ceuticals etc

Catalysts

C sink

Christian Wurzer
Ondřej Mašek
UK Biochar Research Centre
University of Edinburgh

Sequential biochar system

Cascade biochar applications

1) Pyrolysis
2) Drying 
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Synergy of pyrolysis and Biomethane 
and Biogas production
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Permanence?

Only about 15 percent of the CO₂ saved constitutes 
permanent emissions reductions resulting from 
additional renewable energy capacity, efficiency gains 
and the switch to fuels that produce less CO₂ or other 
climate friendly alternatives. 

About half of the emissions cuts are due to short-term 
effects, such as lower electricity prices, according to the 
analysis. 
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Assessing biochar's permanence: An inertinite benchmark

17



Estimating value of sewage sludge

Fertiliser
Adsorbent
Catalyst
Carbon offseting (permanent)

• The European Commission estimated the sludge production in 2020 in the EU-27 countries to be around 2.6 
million tonnes of dry solids per year (Eurostat, 2022).

• Pyrolysis: yield 50%, 20% C in biochar – 1 million tonnes CO2

250 – 600 EUR/t biochar
500 – 2000 EUR/t biochar
1000 – 10000 EUR/t biochar
100 – 400 EUR/t biochar
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Vow Green Metals 
10,000-tonnes biocarbon 
production plant in Norway
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Vow Green Metals 
10,000-tonnes biocarbon 
production plant in Norway
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NEW REACTOR 5000 KG/H

• Hybrid Rotary Drum 
Reactor
• Electric and/or 
pyrolysis gas heating
• Up to 900 deg C 
operation
• First installation 2024
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