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Resume

® Dr.ir. AR (Annemerel) Mol
® BSc at UCR Middelburg (part of UU), 2014
®  Bachelor thesis on Selenium Biomineralization

® MSc Environmental & Biobased Biotechnology
at WUR, 2016

® Interest in biological processes for resource
recovery

® PhD Environmental Technology WUR (2016-
2022)

®  Assistant professor Biorecovery (2022-now)

®  Supervising 5 PhD candidates, various MSc and
BSc thesis students and teaching BSc and MSc
courses.
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Environmental Technology

Professor Professor
. New technological principles
(Bio)Recovery (conversions, separations, materials) Water
Technology Technology
for Problem oriented research &
Technology integration
. .. Circular Metropolitan .
Annemiek ter Heijn . :
System engineering (water, nutrient,

material cycles in connection to energy)
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Environmental Technology; Facilities
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Research Ecosystems in the Netherlands
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Biorecovery Technology for the Circular Economy

organic compounds & organic

matter from waste(water)

Dr. David Strik

Prof. Annemiek ter Heijne
Dr. Miriam van Eekert

Dr. Kasper de Leeuw Dr. Annemerel Mol

@, Dr. Renata van der Weijden

minerals (e.g. N and
P) and metals from

Prof. Bert Hamelers
N WERCEIE R gas
\ Dr. Sanne de Smit

g

Dr. Paula van de Brink

Dr. Phili Kuntke
renewable PP

energy from
waste(water)

WAGENINGEN g
UNIVERSITY & RESEARCH



Highlights Biocrystallization group

Solid with 85% selenium from diluted stream Sulfur particle size and morphology control
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Highly Pure Hexagonal Selenium in Reactor
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Song et al https:

Particle diameter (um)

Mol et al https://doi.org/10.1016/j.watres.2022.119296


https://doi.org/10.1016/j.watres.2022.119296
https://doi.org/10.1016/j.watres.2021.116855

Highlights fermentation group

Microbial chain elongation for production Increasing organic matter in soils with organic
of medium chain volatile fatty acids amendments

oleyl alcohol phase ‘I

= Ethanol = Butanol = Hexanol wC2 w=i-C4 mn{4 =i-C6 mnL6 m=mnC8

Reclaimed I
Water A

Bisschops et al https://doi.org/10.1016/j.cosust.2019.06.010
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Increasing organic matter in soils

Soil structure
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Chavez-Rico et al https://doi.org/10.1016/j.eti.2023.103104
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* Digestate, compost and fermented product
affect bacteria:fungi ratio differently
* Digestate and fermented product addition
in soil increase:
» microbial activity.
» EPSin soil.
» aggregate formation.
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Source separated sanitation

Concentrated black water
20 gCOD/L
1.9 gN/L
0.5 gP/L

Moerland et al. 10.1016/j.biortech.2021.125705
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A

Oceanhamen
(Helsingborg, Sweden)

Porto do Molle Nieuwe Dokken
(Vigo, Spain) ﬂ (Gent, Belgium)

-
~—! 19

LemmerwegOost
(Sneek, the Netherlands)

Decentralised treatment
Vacuum toilet

Anaerobic digestion

Struvite precipitation
Bio Electrochemical systems /

Recovered products

Struvite
Biogas

NPK fertiliser

\ Reclaimed water
12

Rey-Martinez et al. https://doi.org/10.1016/j.clwas.2024.100139
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System engineering (water, nutrient, material cycles in connection to energy)

Closing nutrient and carbon cycles

Recovery of carbon (energy) and (micro) nutrients for reuse
in agriculture and industry from e.g.

residues manure 5 plastic

Methods:

« System engineering at varying temporal and spatial scales

« Technological innovation

« Demand-supply balancing in regional Urban and Urban-Rural

WAGENINGEN Wielemaker et al., 2019 https://doi.org/10.1111/jiec.12962
UNIVERSITY & RESEARCH Wielemaker et al., 2020 https://doi.org/10.1016/j.jclepro.2020.120789

Adapted from doi: 10.2166/bgs.2020.930
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Plastics recycling

SUR-PLAS-PATH: Co-create SUstainable & Renewable PLAStic transition PATHways with stakeholders via
developing and applying a novel transition design and multi-impact assessment methodology

Objective: interdisicpinary review and analysis of the status quo and current circular
advances of the Dutch plastic system.

Packaging
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—
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Source: Yme van Lith, 2024
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Water Technology & Metropolitan Sustainability

) Dr. Nora Sutton
@ Dr. Gabriel Sigmund

‘, Dr. Thomas Wagner

Nora Sutton/Vacancy

@ Dr. Jouke Dykstra
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% %
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Micropollutant and Pathogen Research

Use a fundamental understanding of physical, chemical, and biological mechanisms of
micropollutant and pathogen removal to design new treatment technologies
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Research highlights

Contents lists available at ScienceDirect

Contents lists available at ScienceDirect

Environmental Research

Water Research

- d ELSEVIER journal homepage: www.elsevier.com/locate/envres
ELSEVIER journal homepage: www.elsevier.com/locate/watres
® L)
R .. . . R -~ Seasonal variation in antibiotic resistance genes and bacterial phenotypes | %
Exploring organic micropollutant biodegradation under dynamic substrate | &= . . . .
o . . in swine wastewater during three-chamber anaerobic pond treatment
loading in rapid sand filters
ab,c a,b a,b, - c
Jinsong Wang*, Bapnste A.J. Poursat®, Jiahao Feng®, David de Ridder", Chen Zhang®, Yi Wang ™%, Nora B. Sutton®, Yunhao Zheng™", Hongmin Dong " , Huub H.M. Rijnaarts
Albert van der Wal * Nora B. Sutton™ * Institute of Environment and Sustainable Development in Agriculture, Chinese Academy of Agricultural Sciences, Beijing 100081, China
" Key Laboratory of Energy Cc and Waste of Agricultural Structures, Ministry of Agriculture and Rural Affairs, Beijing, 100081, China
© Department of Environmental Technology, Wageningen University and Research, P.O.Box 17, 6700, AA Wageningen, the Netherlands
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Ozone reactor

Research highlights r

Conventional Fe——

i Discharge
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Retention Time 0.3 hours Retention Time 0.47 hours Retention Time 1.46 hours
0.2 g O5/g TOC 0.2 g O3/g TOC 0.2 g O3/g TOC

WAGENINGEN .
UNIVERSITY & RESEARCH De Wilt et al., Water Research, 2018.

Van Gijn et al., 2021
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Research Highlights

Currently being
piloted for real
treatment
conditions in
The Netherlands

Piai, RHDHV, 2023.



Water Process Engineering

Topics:

Anaerobic sludge granulation
Natural flocculants

Electrodialysis for selective separations

Electrochemical, membrane, adsorptive
micropollutant removal/degradation (PFAS)

WAGENINGEN
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Wastewater Strength of
composition the granules

(@)

EPS EPS gelling

chemistry i capacity

Fig 2. High-recovery and chemical-free EDM configurations: NaCl in the
feed streams is used for EDM ionic rearrangement; only source water and
electricity as the input.
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Research Highlights

Very slow surface diffusion inside activated
carbon granules

Very low adsorption capacity at low concentrations

Reduction in ava,'/ab/e

Why is the adsorption
of PFAS low?

WAGENINGEN
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Research Highlights

Understanding ion transport in ion exchange
membranes for selective separations
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Engineer urban water system for climate adaptation

AMSTERDAM INSTITUTE FOR
ADVANCED METROPOLITAN SOLTUTIONS

Urban space transition via Blue-green Infra. planning using GIS (BGIS; Alida)
v How to choose BGI : Multi-objective planning via digital twin
v How to implement: Long-term adaptative & flexible planning

BGI Measures
Bioretention Area
Constructed Wetland Area
Grass

Green Roof

Infiltration Trench
Permeable Pavement
Rain Barrels

Rain Garden

Swale

Trees

Unsuitable Area for BGI

I§ IR 3 g



Sulfur removal from (bio)gas

~Organic Hydrogen Elemental
inorganic

. = A

biogas

' gas

bubbles
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How does biological desulfurization work?

Clean gas
out
Knowledge gap
L of my PhD
research
H,S rich-
gasin

WAGENINGEN .
EEEEEEEEEEEEEEEEEEE Absorber Bioreactor Settler
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Bacteria
remove H,S
fromgas -

By turning it into
elemental sulfur!

@




From toxic gas to useful product

e.g. Thiobaci//u’

Chemolithoautotrophic

EEEEEEEEEEEEEEEEEEE
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The key: polysulfide formation

®  Partially ‘dissolves’ sulfur particles

HS o,
X sz-
HS-
l ‘ HS-
S,
HS- sx2

HS" + (x-1) S s 5 7 + H*
Soluble reactant + solid product in equilibrium with
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Looks terrible!! @

But settles great! @

Agglomeration '
—
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WAGENINGEN Mgl Annemerel R, et al. ACS : |
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Bedankt voor uw aandacht! Zijn er vragen?
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