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Urban wastewater treatment directive
• Removal of pharmaceuticals, microplastic
• Monitoring of PFAS within three years
• Provide energy neutrality

Sewage sludge directive
• PFAS limits in sludge will come in next update

(EU decision March 22, 2023)

Climate change
• GHG emission reduction targets
• Sludge emits 1.5 tonne CO2e/tonne dry matter (DTU LCA)

Sludge disposal cost
• Limitations on land use due to micro-pollutants and drinking water protection
• Limitations on land use due to biogas residues

The utility companies face many challenges
01: INTRODUCTION
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Phosphorus

AquaGreens mission:

To address four planetary challenges

Groundwater CO₂ emissions

How do we help our planet?

20

Renewable energy
- Phosphorus is a scarce resource
- Nutrients are re-circulated

- Groundwater is protected
- Harmful pollutants eliminated

- Greenhouse gases eliminated
- Carbon is captured and stored

- District heating produced
- Green gas can be produced
- Biofuel and methanol

01: INTRODUCTION
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NCC

Lemvig Vand

2020-23: 
Commercialized the integrated 
steam dryer and pyrolysis units.

2020-23: 
Stand-alone pyrolysis for dry 
biomass developed

2017-20: 
Developed the integrated 
steam dryer and pyrolysis unit

Nordland Akva (100 kW)

Nordlaks Innhavet (100 kW)

Nordlaks Innhavet (15 kW)
2016-18: 
Developed and commercialized
the steam dryer

Tårnby Forsyning

VA Syd AB

VandCenter Syd A/S

Odsherred Forsyning A/S

Roskilde, Denmark

South Africa

Ejby Mølle

Melbu

AquaGreen’s product roadmap has followed 
the original mission of the founders

01: INTRODUCTION
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file:///C:/Users/HenningSchmidt-Peter/OneDrive - AquaGreen ApS/Desktop/Video/AquaGreen HECLA® Setores 1.000 at Fårevejle Wastewater Treatment Plant.mp4
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Steam drying

Pyrolyzing

Process heat

Fertilizer

Fertilizer
Sludge

District heating

Activated carbon

How do we address the global challenges?
01: INTRODUCTION
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The first commercial installation at Fårevejle
HECLA® Setores 1.000/50.000 PE

4) Temperature in the 
gasburner is >900°C

1

3) We pyrolyse the dried biomass at  
650°C for 20 minutes.

We utilize the calorific value in the 
sludge by burning the pyrolysis gasses.

3

5) End product is biochar. 

1) Sludge in-take, 
dry matter >22%

2

4

5

2) Biomass is dried using super-heated 
steam at 200°C

Excess steam is condensed as hot water for 
local or district heating

Process takes approx. 2 hours

01: INTRODUCTION
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You eliminate environmental pollutants

• Environmental pollutants are eliminated
• Micro plastics
• Medical residues
• PFAS
• PAH, LAS, etc.

• Heavy metals that are removed/reduced
• Mercury
• Arsenic
• Cadmium

• Malodor is eliminated

• Transportation reduced with 90%

• Carbon is sequestrated

• Sustainable energy produced

02: THE BENEFITS



GOODBYE PFAS, PESTICIDES &
PHARMACEUTICALS RESIDUES

The Danish EPA issued guiding limit values 
for PFAS content in Biosolids in November 2021

Overnight 15-25% of Danish sludge became contaminated

Odsherred Utility pyrolysis results, May 2022:

• 8 PFAS compounds in the biosolids

• 26 pharmaceuticals, 12 pesticides in the biosolids

• No PFAS in the biochar, condensate, or scrubber water 

• No pharmaceuticals 

• No pesticides in the biochar

02: THE BENEFITS
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Substance Unit Value Limit value Status
CO mg/mᶟ (ref) 81 100 Passed
NOx mg/mᶟ (ref) 34 200 Passed
TVOC mg C/mᶟ (ref) 1,2 20 Passed
HF mg/mᶟ (ref) 1,0 4 Passed
HCl mg/mᶟ (ref) 60 150 Passed
SO₂ mg/mᶟ (ref) 150 200 Passed
Particles mg/mᶟ (ref) 8,9 30 Passed
Hg mg/mᶟ (ref) 0,0056 0,050 Passed
∑ Cd & Tl mg/mᶟ (ref) 0,0011 0,050 Passed
∑ As, Co, Cr, Cu, Mn, Ni, Pb, Sb mg/mᶟ (ref) 0,016 0,50 Passed
Dioxines (l-TEQ) ng/mᶟ (ref) 0,0011 0,10 Passed

Emissions: Flue gas measurements - passed
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Results

Biosolids biochar – meets sludge limit values
Fårevejle Wastewater Treatment Plant key data

Metal content – meets Danish limit values

Additional facts:
• 20-30% water added to biochar to avoid dust
• No micro plastics, PFAS nor LAS, DEHP, PAH are 

detected in the biochar.
• 5.3% plant available P and 2.7% plant available N 

in the biochar

Metal Value Limit Unit
Pb 43 120 mg/kg ts

Pb/P 810 10,000 mg/kg TP

Cd 1.5 0.8 mg/kg ts

Cd/P 28 100 mg/kg TP

Cr 62 100 mg/kg ts

Cu 650 1,000 mg/kg ts

Hg <0.01 0.8 mg/kg ts

Hg/P < 0.2 200 mg/kg TP

Ni 43 30 mg/kg ts

Ni/P 810 2,500 mg/kg TP

Zn 1,800 4,000 mg/kg ts

02: THE BENEFITS



CONFIDENTIAL 40

Formal directive

Biosolids biochar – can be applied to soil!
Comments

According to the Danish EPA guidelines, 
from June 2022 pyrolysis is now officially 
a method for controlled hygienizing of 
sewage sludge

1. When pyrolyzed at 500°C or more 
2. When pyrolyzed for 3 minutes or more 
3. When the process is documented 
4. When the limit values for target contaminants 

are met

The AquaGreen process pyrolyzes at 650°C for 20 
minutes and all process data are logged every 10th 
second.

02: THE BENEFITS
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Nutrients are recirculated 
and the climate is protected
Biochar is a fertiliser and soil improver
• Valuable nutrients: 5% P, 2% N, 1% Mg

• Biochar holds water and drains

• Gives soil structure enhances microbial growth

Biochar is good for the environment
• No leaching of phosphorus – not water soluble

• Retains polluting compounds

Biochar is good for the climate
• CO₂₂ is stored

Applications
• Urban landscaping, agriculture

• Climate positive construction materials

• And can be up-cycled to activated biochar

02: THE BENEFITS
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IPPC: “We must capture CO₂₂”
   Biochar is part of the solution

“ all scenarios outlined in the IPCC SR15 

report rely on carbon removal, foreseeing 

significant amounts of carbon capture and 

storage”

43

Producing and storing biochar is, according to 
IPCC, the UN panel for climate change, one of 
three ways to save the climate by capturing and 
removing CO₂ from the atmosphere.

The three ways are:
• Planting trees, which has limited and temporary 

effect 

• Direct air capture of CO2 which is expensive and 

unproven

• Production of biochar, which is proven and reliable

02: THE BENEFITS
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The current focus is on Municipal sewage sludge. 

Return on Investment is faster within this industry, because of the 
high disposal costs. Within other industries, the disposal cost for 
biomass is much lower, or in some cases non existing. In addition:

• PFAS is a gamechanger, and it is expected that EU will introduce 
limit values for PFAS, where after parts of the current sewage 
sludge volumes will be contaminated sewage sludge. 
Consequently, the disposal cost will increase further.

• Disposing municipal sewage sludge on farmland is being banned 
in more and more countries.

• The need for carbon sequestration is increasing, and 
consequently the prices for Carbon Removal Credits increases

• Biochar is becoming a more and more well-know fertilizing 
product for soil improvement

• The usage of biochar is becoming more and more asked for within 
various applications

• The need for sustainable energy, district heating, green gas and 
biooil increases

• The volume of biomass residues from biogas production 
increases significantly and as it is currently being spread on 
farmland, the possibility of spreading sewage sludge will be 
reduced.

Executive summary
03: WHY MUNICIPAL SEWAGE SLUDGE?
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Executive summary

Situation & formål

• Envafors bortskaffer ~6.600 tons 
afvandet slam (70% til landbrugsjord, 
30 til forbrænding), som samlet 
koster 3,2mDKK årligt

• Slam udbragt på landbrugsjord 
skaber lugtgener for nær bebyggelse, 
udleder drivhusgasser og forurener 
miljøet med f.eks. mikroplast, 
medicinrester, tjærerester og PFAS

• Brancheforeningen DANVA foreslår at 
gå væk fra dette, og det forbydes 
allerede i dag i andre EU lande

• Disponeringsomkostninger kan stige 
ved strengere krav til slam

• Formålet er derfor at undersøge en 
investering i et damptørrings- og 
pyrolyseringsanlæg for at afdække 
muligheden for en mere bæredygtig, 
kost-effektiv slambehandling

Beregningsscenarier

• I projektet undersøges tre 
investeringsscenarier

• Alle tre scenarier undersøger samme 
slammængde (~6.600), tørstofindhold 
(23,0%) og energiindhold (13,5 MJ/kg). 

• Forskellen på tværs af scenarierne er 
størrelsen på HECLA-løsningen

• Scenarie #1 evaluerer en investering i 
et HECLA® 1.500 anlæg

• Scenarie #2 evaluerer en større 
løsning, to HECLA® 1.000 anlæg.

• Scenarie #3 evaluerer den største 
løsning, et HECLA® 1.000 + et HECLA® 
1.500 anlæg

Resultater

• Ved at etablere to HECLA® 1.000-
anlæg vil forsyningen:
• Undgå omkostninger til 

bortskaffelse af 6,600 tons slam 
og spare 3,2 mDKK årligt

• Bidrage til kommunens grønne 
omstilling ved at reducere 
slammets miljø- og 
klimabelastning

• Reducere op mod 3.700 tons 
CO₂e

• Producere 3.500 MWh 
bæredygtig energi 

• Producere 771 tons 
hygiejniseret, næringsrig og 
lugtfri biochar

• Anlægget vil koste Forsyningen 
2,2 mDKK at drifte og lede til en 
fortjeneste på 3,4mDKK årligt

Anbefaling

• Scenarie #2 anbefales. To HECLA® 
1.000 i en ny bygning (45x38m) på 
Slagelse Renseanlæg

• Scenarie #2 ender på 67% i 
udnyttelsesgrad og har dermed plads 
til sæsonudsving, fald i tørstofindhold 
eller eksternt slam

Anbefalinger til scenarie #2
• Overveje at afgasse slammet i 

rådnetanken mindre og øge 
energiindhold og/eller løfte 
tørstofindholdet 

• løfte udnyttelsesgrad til 75% ved at 
behandle eksternt PFAS-holdigt slam

De andre scenarier: 
• #1: Anbefales som udgangspunkt ikke 

pga. udnyttelsesgrad på 92%
• #3: Anbefales som udgangspunkt 

ikke pga. udnyttelsesgrad på 55%
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Besparelser Indtægter Ekstra
slamtransport

Elforbrug Støttefyring Interne
driftstimer

Software
licens

Service og
vedligehold

Årlig
fortjeneste

Scenarie #2 vil give en årlig fortjeneste eks. besparelse på 
CO2-afgift på 3,4mDKK med driftsomkostninger på 2,2mDKK

Bortskaffelse Lokalopvarmning Eksternt slam Biochar Carbon removal Fjernvarme salg

Antagelser

Afvandet slam:  6.600 tons pr år
(~1.500 tons tørstof / 23,0%)

Bortskaffelse af slam:  484 DKK pr tons (gns.)
70% A-slam til DKK 253 pr tons
30% B/C-slam til 1.022 pr tons

Lokalopvarmning 0 MWh pr år (0% af varme)
1,44 DKK pr kWh

Biochar:  771 tons pr år
750 DKK pr ton

Carbon removal:  928 tons CO2e pr år 
904 DKK pr ton (efter kommission)

Salg til fjernvarme:  3.532 MWh pr år (100% af varme)

0,30 DKK pr kWh  

Forbrug af elektricitet:  0,99 DKK pr år
aftalt med Forsyningen

Service og vedligehold:  Service: 170.000 DKK pr år
1,25% af investering til reservedele

2 x HECLA 1.000
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2 x HECLA 1.000 2 x HECLA 1.000
Slutafvandet slam 6.600 Tons

Tørstofindhold 1.518 Tons

Energiindhold 13,5 MJ/kg
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Hvis prisen på bortskaffelse af B/C-slam stiger fra 1.022 til 
3.000 pr tons pga. PFAS, vil fortjenesten stige til 7,3mDKK

Prisen på B/C-slam 
stiger til DKK 3.000 pr 
tons pga. PFAS

Driftsomkostninger
2,2mDKK

Bortskaffelse Lokalopvarmning Eksternt slam Biochar Carbon removal Fjernvarme salg
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PFAS in Europe

• PFAS contamination found
• PFAS contamination expected to be found

PFAS found in all industrial areas n EU.

Danish limit values introduced

Guiding PFAS limit values introduced in 
Denmark in October 2021.

Pyrolysis removes PFAS

It is documented that AquaGreens HECLA® 
Setores technology eliminates PFAS.

04: HOW TO PROTECT THE ENVIRONMENT FROM PFAS?

AquaGreens HECLA Setores technology removes PFAS 
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Comments

Total sewage sludge volume in Denmark is estimated to 140.000 tons dry matter, 
of which app. 20% is PFAS contaminated and above the limit values. 

This transforms into a volume of 28.000 tons equivalent to 8-9 hubs. 

Current disposal cost for PFAS contaminated sludge varies between DKK 2.000-
6.000/ton (EUR 200 – 800/ton).

Location of first possible hub in Denmark

PFAS Hub solutions, as-a-service
04: HOW TO PROTECT THE ENVIRONMENT FROM PFAS?

Year Total 
potential

PFAS 
contaminated

# of hubs

2022 140.000 20% 28.000 8
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Comments

• Known PFAS gate fees

Upsides
• Limit values for other harmful substances are 

reduced

• Biochar prices increases

• Activated carbon are being produced

• Thermal energy prices increase

• CO₂ taxes are applied 

Assumptions

04: HOW TO PROTECT THE ENVIRONMENT FROM PFAS?

Potential upside and hub design

25 m

Eksternt 
slam

Eksternt 
slam

70 mTreatment Source Gate fee
(DKK)

Gate fee
(EUR)

Denmark, HedeDK Fredensborg Forsyning 2.000 270

Germany Hjørring Vandselskab 3.000 400

Denmark Bornholms Forsyning 3.100 415

Denmark, Fortum Tårnby Forsyning 5.000 670

Denmark, Fortum Skanderborg Forsyning 6.000 800
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Slagelse Renseanlæg har ingen ledig bygning til HECLA-
løsningen, men frit areal i den nordlige del kan anvendes

Ledigt areal

Rådnetank

Slutafvanding
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Slutafvandet slam pr måned, tons

Vi kigger på 6.600 tons slutafvandet slam med 23% tørstof 
efter udrådning på Slagelse Renseanlæg

562 551
631 600

692

499
553 546

332

578 535 526

jan feb mar apr maj jun jul aug sep okt nov dec

2021

2021 - afvandet slam mængde

Afvandet slam Pr måned I timen
Max 692 949
Median 552 756
Gns. 550 754
Min 332 455
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Next generation HECLA is ready
05: WHAT’S NEXT?
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New improved design
The HECLA Setores plants have been modulized to reduce installation time

05: What’s next?

Comments

• Improved footprint

• > 200 design changes implemented

• Reduced labor related work in general and 
moved labor from customer site to sub-
supplier’s workshop

• Reduced time for installation and 
commissioning

• Added options to move in the direction of 
turnkey solutions

• Biochar handling system
• Electrical installation on site
• Building
• Ventilation systems
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PFAS focus Biochar and activated carbon Carbon Removal Credits + CO₂ taxes

What’s next?

05.02.2024: PFAS-drabbade får rätt till skadestånd för förgiftat 
dricksvatten | SVT Nyheter
05.02.2024: PFAS-larm i Boden – sjöarna där fångad fisk inte ska 
ätas | SVT Nyheter

05.02.2024: Hundratals nya stämningar mot Miljöteknik – riskerar enormt 
skadestånd | SVT Nyheter

29.01.2024: Deal on more efficient treatment and reuse of urban 
wastewater | News | European Parliament (europa.eu)

21.02.2024: Grøn skattereform - endelig afrapportering | 
Skatteministeriet (skm.dk)
20.02.2024: Climate action: Council and Parliament agree to establish an EU 
carbon removals certification framework - Consilium (europa.eu)

PFAS limit values

Medical residues

ETS regulation

Carbon removal framework

Green tax reform

21.02.2024: Grøn skattereform - endelig afrapportering | 
Skatteministeriet (skm.dk)
20.02.2024: Climate action: Council and Parliament agree to establish an EU 
carbon removals certification framework - Consilium (europa.eu)

Green tax reform

ETS regulation

Carbon removal framework

PFAS limit values

Medical residues

29.01.2024: Deal on more efficient treatment and reuse of urban 
wastewater | News | European Parliament (europa.eu)

It is mandatory for all EU countries to 
start measuring PFAS within 3 years

https://www.svt.se/nyheter/lokalt/blekinge/domen-faller-i-pfas-malet-svt-sander-direkt-fran-kallinge--xh3foo
https://www.svt.se/nyheter/lokalt/blekinge/domen-faller-i-pfas-malet-svt-sander-direkt-fran-kallinge--xh3foo
https://www.svt.se/nyheter/lokalt/norrbotten/pfas-larm-i-boden-sjoarna-dar-fisken-inte-ska-atas--zmvryb
https://www.svt.se/nyheter/lokalt/norrbotten/pfas-larm-i-boden-sjoarna-dar-fisken-inte-ska-atas--zmvryb
https://www.svt.se/nyheter/lokalt/blekinge/hundratals-nya-stamningar-mot-miljoteknik-riskerar-enormt-skadestand
https://www.svt.se/nyheter/lokalt/blekinge/hundratals-nya-stamningar-mot-miljoteknik-riskerar-enormt-skadestand
https://www.europarl.europa.eu/news/en/press-room/20240129IPR17203/deal-on-more-efficient-treatment-and-reuse-of-urban-wastewater
https://www.europarl.europa.eu/news/en/press-room/20240129IPR17203/deal-on-more-efficient-treatment-and-reuse-of-urban-wastewater
https://skm.dk/aktuelt/publikationer/rapporter/groen-skattereform-endelig-afrapportering
https://skm.dk/aktuelt/publikationer/rapporter/groen-skattereform-endelig-afrapportering
https://www.consilium.europa.eu/en/press/press-releases/2024/02/20/climate-action-council-and-parliament-agree-to-establish-an-eu-carbon-removals-certification-framework/
https://www.consilium.europa.eu/en/press/press-releases/2024/02/20/climate-action-council-and-parliament-agree-to-establish-an-eu-carbon-removals-certification-framework/
https://skm.dk/aktuelt/publikationer/rapporter/groen-skattereform-endelig-afrapportering
https://skm.dk/aktuelt/publikationer/rapporter/groen-skattereform-endelig-afrapportering
https://www.consilium.europa.eu/en/press/press-releases/2024/02/20/climate-action-council-and-parliament-agree-to-establish-an-eu-carbon-removals-certification-framework/
https://www.consilium.europa.eu/en/press/press-releases/2024/02/20/climate-action-council-and-parliament-agree-to-establish-an-eu-carbon-removals-certification-framework/
https://www.europarl.europa.eu/news/en/press-room/20240129IPR17203/deal-on-more-efficient-treatment-and-reuse-of-urban-wastewater
https://www.europarl.europa.eu/news/en/press-room/20240129IPR17203/deal-on-more-efficient-treatment-and-reuse-of-urban-wastewater
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Currently
• Biosolids biochar approved for soil use in DK, SE, FI, NO, 

ES, CZ
• Included in EBC certification
• Sold for 100 €/tonne in DK for urban landscaping
• Data on removal of PFAS and all emerging pollutants 

widely published (> 600 °C)

Outlook
• Exciting results as PFAS sorbent published: ”Equal to 

Activated Carbon” that sells at 3-4.000 €/tonne
• EU Fertilizer Product Regulation - Biosolids biochar as a 

fertilizer by end 2026
• End-of-waste route by chemical extraction proven

Biosolids biochar barriers are being removed
05: What’s next?
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Analysis

Customisation

Contract signing

Pre-Project

Equipment

Infrastructure

Authority approvals

Design & Build

Installation

Testing

Training

Commissioning
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