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> SUEZ Group
~~ Revenues 2024

BUSINESS MIX

SES* Water
5% S0
R&R / R&V
45%

billion €

countries with SUEZ operations employees

40 ‘ > 40,000

R&D centers in Europe & Asia patents years of history

9 ‘ +1,600 ‘ 160+

*. Smart Environmental Solutions
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SUEZ in Nordics
Our history

Our office
in Aarhus
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Key figures and proven sludge treatment solutions
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~— What is in the sludge?

NITROGEN & PHOSPHORUS

@» Fertilizer

In case of new disposal route 2 try to maintain the recycling of nutrients

Mineral Matter

& {7 Energy

@ Potential biogenic carbon (Carbon capture & storage)
PCDDIF

Carbon, Hydrogen, Sulfur & Oxygen HEAVY METALS

DEHP . L . . .
NP/NPE PFAS Well controlled decreasing concentrationsin time (increasing constraints
for usage in agriculture)

Rising concern & uncertainties about health implication increasing
regulatory constraints (ban on agriculture in some countries)

New contaminants (PFAS)
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~ Sludge treatment lines as of today with conventional and advanced treatment lines

SLUDGE treatment

ENHANCED DEWATERING

Dehydris™ Twist ‘
Dynamic filtration by piston press [
X .

methanization into green, local and
carbon-free energy

|
Methanis™solutions
(Grid, Compressed, Bi-Liquefied)
Pratrestmety High biomethane quality

BioCNG — BioLNG for vehicle
Biogas - % Grid injection BOOSTED DIGESTION
purification

Cogeneration

Digelis™ BH/ TH
Doyl Advanced Hydrolysis digestion solutions

Pyrolysis g
Incineration

ADVANCED DEWATERING

METALLIC DIGESTER

Dehydris™ Ultra
Hydrothermal carbonization

|:> Conventional line

Nitrogen - - = .
sidestream removal Digelis™ Simplex design

Simple design for a complex process

p
Produce a new resource |

Optimised line (fertilizer)
Advanced line
Phosphogreen™
(struvite)
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return

online
YouTube -
case

to map

Case: Marselisborg WWTP (200.000 PE)

Recovery of Phosphorus as struvite through
precipitation of dewatering concentrates

The plant was commissioned in 2018
Producing a high-class fertilizer approved by EPA

But: Difficult to sell the product on the free market
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https://www.suez.com/en/denmark/wastewater/phosphorus-recovery-via-struvite-precipitation
https://www.suez.com/en/denmark/wastewater/phosphorus-recovery-via-struvite-precipitation
https://www.youtube.com/playlist?list=PLi7vCq6eilVdL9z_8SXSzlQPAelPz2Ii1

What are the drivers for new solutions?

CURRENT DRIVERS & NEEDS OF COLLECTIVITIES

{ Disposal costs = reduce waste volume

é Opportunity for energy production
(Directive energy neutrality & on biomethane in France)

.

S

ANTICIPATING FUTURE DEVELOPMENTS

CS’ Emerging market for CO,, credit and opportunities for

O’ Carbon Capture use and storage

+g;+ Requirement for nutrients recovery

%

/u"\o Increasing constraints on micropollutants and risk of
R “Media frenzy”-> Need of alternatives to land application

J
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to increase performances (more biogas,
smaller footprint, digitalization for better operation)

To transform residual organic matter into energy
(eliminating organic contaminants)

To produce new product eligible for carbon credits
(biochar)




Thermal treatments are regaining focus

Convert Organic matter into:
A

Client’s objective HEAT , BIOCHAR ™%
for Sludge Organic Matter -)Oxydé:tion p, >Carbonization
_ / Ve e ‘“"&\% i / \.‘: Ve =
Dewatered zl,l;?gf 85%-70% HYDROTHERMAL HYDROTHERMAL
. INCINERATION CARBONIZATION GASIFICATION
” ydrothermal (a lot of references) |
5 | - - =
£ 4
(@]
2]
Dried sludge: 20-10% of water PYRO GAS IF;'\II?!ST ION
Pyro CARBONIZATION ‘
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A case for Hydrothermal Carbonization: The BIOFACTORY concept in Pau Lescar WWTP
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Existing Pau Lescar WWTP built between > \ =" = Waste
1980 and 2006). - > Tincinerator

Extended aeration activated sludge plant
Capacity: 190 000 PE

Current sludge treatment = high cost and
not sustainable

Upgrading of the sludge treatment proposed
in Bid for O&M (at the same time BID for
nearby Waste Incinerator)

Client objective

Decarbonize the future sewage
sludge facility, = promote resource
recovery
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~ A case for Hydrothermal Carbonization: The BIOFACTORY concept in Pau Lescar WWTP

Process lines overview

2 18T
resource
WATER
REUSE

Biomethane & e-methane production
Methanation of 100% CO, emitted
into synthetic methane

13 GWhl/year

equivalent to heating 1,200 households

80 ecyle water

: .

) Biogas
Puriﬁcatioﬂ -~
5 o Mefiris®
N
Heat @
Methanatio} :
3 . A Biological
. Treatment

)
1
Detrydris® Ulra

Digestion
Digelis® Simplex

resource
N

BIOSOLID TH

resource

UTRIENT

4.6 GWhl/year
Nitrogen extraction
Phosphogreen®
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A case for Hydrothermal Carbonization: The BIOFACTORY concept in Pau Lescar WWTP
Dehydris® Ultra

Combination of hydrothermal conditioning and advanced filtration
to produce a hygienized, easily stored biocoal

MM Hydrothermal Carbonisation 2 Post dewatering

Carbonisation reactor

' 12-16 bar / 175°C - 210°C Carbonzed
i sludge Storage |
: i Piston press
I . BUCHER
i 1+ NoPolymer =
Pre-heating L [
Q/—C @ik Wledd o

SIUdge [ ‘.ooonoooo-oo.oo-o-o'o-oooo; | : : : “’ Final prOdUCt: biocoal

Volume reduction: 75%
Dryness: 65%
LHV: 8-10 MJ/kg

EPAclass A
>180°C
> 30 min

<
s N
---------------------------------------
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A case for Hydrothermal Carbonization: The BIOFACTORY concept in Pau Lescar WWTP

Methanation to increase hiogas output

Water electrolysis to produce
hydrogen

2H,0 #2H,+ 0,

Combine hydrogen and BioCO, to

produce biomethane to be injected W)
in the gas grid ¢t
4H,+CO, »2 H,0 + CH, ‘EI

v OaT

2 type of process
Catalytic / Biological

/' ‘
Electricity @
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_ What's next?
- . .
=~ Short term: Pyrocarbonization
Pyrolis® S$2B : Sludge to Biochar

Hot vapor
IIIIIIIIIIIIIIIIIIIIIIIIII>

Dryer preheater
Dewatered

sludge

L.

v

Gl PREDRYER

= — RANLEN

(e —— —

| COMBUSTION
REACTOR

To Flue-gas
treatment
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What’s next?

Short term: Pyrocarbonization

9°§f°’/l

[+}
contaminants
removal
(CEC)

29)

Pathogens elimination.
Process conditions (T° >500°C for
several minutes) are much more
severe than approved hygienization

Contaminants of Emerging Concern removal

> 90%
Per- and Polyfluoroalkyl
Substances (PFAS)

destruction in biochar and flue gas.

Heavy Metals
2-9 times

less bioavailable
than in biosolids.

conditions.

100% 100%
Pharmaceuticals Microplastics
destruction. elimination.
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> 99% elimination of other CEC
PCB, PCDD/Fs, PAH, OPFRs, etc...

PCB: PolyChlorinated Biphenyls

PCDD/Fs: PolyChlorinated Dibenzo-p-Dioxins and Furans
PAH: Polycyclic Aromatic Hydrocarbons
OPFRs: OrganoPhosphate Flame Retardants

Endocrine-disrupting chemicals éﬁ[ [




What's next?
Short term: Pyrocarbonization

B\

X2

of phosphorus
in dry solid
VS dewatered
sludge

T —

- Biosolids Biochar can be used as P-rich
fertilising product

. Uﬁ to 80% of Bioavailable Phgsphorus

- Lower Cadmium/Phosphorus ratio than mined
P fertilisers

» Already ret':ognized as fertilizing pfoduct in
some countries (i.e. Czech Rggublic, Sweden)

NN O i ] -y e / 2

| Vannprisseminaret 2025 - Oslo - 29. Oktober 2025 sueez




What'’s next?
Long term: Hydrothermal gasification?

Hydrothermal
TRL6>8 Gasification

Dry process (°C) P
Hydrothermal process

(Pressure, °C) 7 Pyrolis® S2B
3 ’
N Hydrothermal
carbonization
Dehydris® Ultra
f
EE;E] -7 M Incineration
p “Thermal Thermylis®
| - o' Hydrolysis: ASHES
,@ =" Digelis® TH
Anaerobic digestion
Digeslis®
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\»\,’J%’/’ Pyrocarbonisation
’

=1 Transformation of more than
80% of organic matter into
combustible syngaz

Energy Balance +++

Recovery of Nitrogen,

Phosphorus and Potassium

as salts

No or almost no waste
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Thomas Bugge
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