
 

Environmental Technology  2017 

Metropolitan and Environmental Solutions 

 

 

 

 

 

 

 

www.wur.nl/ete                                                                                                                           





Introduction 
  
This brochure aims at informing you on the activities of the Environmental Technology (ETE) Group of 
Wageningen University over the year 2016. Education and research results are presented in terms of the 
‘output numbers’ such as the number of MSc and PhD students, the courses and educational programmes 
ETE participated in, concise information on each of our running research projects, and our list of 2016 
publications. 

  
The Environmental Technology Group 
  
The ETE group is chaired by Huub Rijnaarts, Professor in Environment and Water Technology since 
September 2009. Prof. Cees Buisman holds since 2003 the chair in Biological Recovery and Reuse 
Technology. Cees and Huub  form together the strategic leadership of the group. In addition we also have 
the special chairs of professors Prof. Dr. Ir. Albert Janssen (Biological Gas Treatment) and Prof. Dr.Ir.  
Bert van der Wal (Electrochemical Water Treatment), 13 members of scientific staff, 7 Laboratory and 
technology supporting co-workers, 4 postdocs, 65 PhD students, and 66 graduating MSc and 16 BSc 
students.  

  
Mission 
  
The mission of the ETE group is to create unique breakthrough natural technologies for establishing new 
systems for recovery and reuse for both water and resources.  A strong biotechnological component is 
combined with physics, chemistry and also social sciences. Concepts such as bio-crystallization, 
bioavailability, bio-retention and bio-electrochemistry generate technologies for producing products such 
as recyclable matters, reusable waters and renewable energy. In our vision, we belief that new 
technologies come into society through entrepreneurial companies, and therefore we have strong 
cooperation with industrial technology companies and stimulate technology spin offs. Industrial and 
municipal waste streams are considered as resource streams, from which energy, water and minerals can 
be recovered, breaking the chain between the increased use of non-renewable sources and growing 
production and consumption. Thus these technologies and their integration in urban and industrial 
systems help to reduce Human Footprints and safeguard a sustained supply of water, energy and other 

resources for the worlds growing population. The Lettinga Associates Foundation - LeAF - carrying the 
name of the world wide known icon prof. Lettinga on development and global application of anaerobic 
water technology, is an important partner for ETE and hosted in our lab.  LeAF is recognized by many 
industrial partners as a powerful independent platform in bringing sustainable technologies for treatment 
and valorisation of organic residues to global application.  
 
Awards/Grants 

 Nora Sutton was awarded the prestigious VENI grant for her project ‘Cleaning groundwater of 
organic micro-pollutants. Fundamental understanding of biodegradation.’  

 During the yearly ISMET congress, Ph.D. student Sam Molenaar won a prize for his ‘poster’ 
presentation. Molenaar’s research resulted in the design of a completely new rechargeable battery 
by combining two existing technologies: The Microbial fuel cell and microbial electrosynthesis. 

 During the Wetsus Congress of last October PhD researcher Jan Willem van Egmond received the 
Marcel Mulder Award 2016.This annual prize is awarded to the ‘best Wetsus scientist’ of that 
year. 

 In April 2016, scientist Bert Hamelers was awarded the Zilveren Zandloper Innovation Award of 
the NBV, a prize for turning biotechnology science successfully into business . During his previous 
scientific work at ETE Hamelers was the driving force behind the foundation of several spin-off 
companies.  

 Josephine Nijstad and Martijn Savenije (both studying Urban Environmental Management) 
together with Livio Bod (UVA) and Dan Mulder (UU) won the WEGE prize 2016 with a cohesive 
proposal for an on-site waste treatment system that would allow hospitals to deal with waste in a 
way that reduces cost and environmental impact while maximizing the potential for resource 
recovery and reuse.  

 David Strik and Mathijs van der Zwart were awarded an STW Open Mind fellowship with the idea 
of food production by ‘dark’ photosynthesis. 

 Annemerel Mol has won the UFW-KLV thesis Award 2015-2016 in the domain environmental 
sciences for her MSc thesis  ‘Bioelectrochemical battery – Proof of concept’. 



Research 
  
Our research program is characterized as follows: 
     Biorecovery:  The biorecovery group focuses on optimal recovery of minerals and metals from 

wastewaters and gases and on recovery of renewable energy from waste and wastewater. Attention is 
being paid to the process bio-crystallisation and of bio-electrochemistry.  

    Reusable Water: Technology focus is on bio-removal of micro pollutants and pathogens and the 
qualities of resources for re-use.  Our novel electrochemical desalinization techniques focus on 
reduced energy utilisation, in order to sustainably remove salt from water cycles, and to transform 
brackish water in delta’s into a sustainable fresh water resource. 

    Urban Systems Engineering: Cities currently hold half of the world’s population and it is 

estimated that three out of every five people will live in an urban environment by 2030.  The world’s 
future sustainable development must therefore be largely accomplished by new approaches in urban 
sanitation, resource management  and eco-innovative design of urban and associated agro and 
industrial systems.  

  
Education 
  
Our main courses are offered in a number of BSc  and MSc programmes of Wageningen University, as 
well as in the Joined MSc programme Water Technology. provided by the Universities of Twente, 
Groningen and Wageningen, as cooperative educational programme at Wetsus Leeuwarden.  
In 2016 a strong participation was set up in the area of Metropolitan Solutions, in AMS. The first MOOC 
in AMS on Sustainable Urban Development was built in cooperation with TUD and ran through EdX 
January – March 2016, with a participation of more than 10.000 students from 164 countries. A new 
MOOC  ‘Citizens co-creating sustainable cities’ with support of WIMEK and AMS is in preparation, and 
planned to run beginning of 2017.  
The Master Urban Environmental Management was awarded the predicate ‘top degree programme’ by the 
Keuzegids on MSc educational programs in the Netherlands. 
With AMS a new master Metropolitan Analyses, Design and Engineering (MADE) is in accreditation. 
Courses at BSc as well as MSc level are shown elsewhere in this brochure. 
  
We hope you will enjoy reading this brochure. Please feel free to contact us in case you want to know more 
about our education or research or check our website  www.wur.nl/ete 
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Mission and Vision 
We develop and evaluate innovative environmental technologies and concepts based on 

processes from nature, to recover and reuse essential components and maintain and 

recreate a viable environment. 

Our education inspires students to develop their talents. We impact society by innovation 

through top science and focus on applicability. 
 

 

Values of Environmental Technology 

 
 
 





Output ETE 2016 
 
In 2016 66 MSc student started a thesis. In the coming years we expect an increase, based on the 
expected increase on the total number of students, both in the master water technology in 
Leeuwarden, as well as at Wageningen University 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

In 2016 we had 12 PhD defences. By the end of 2016 61 PhD students were working on their PhD 
research and did not yet graduate.  

 

 
PhD Theses Environmental Technology 2016 

 
Name Promotor(s) Title 

Rosa Elena Yaya Beas                                                                                                                  
 

Zeeman/Van 
Lier 

Bio-filtration of helminth eggs and coliforms 
from municipal sewage for agricultural reuse in 
Peru 

Rhungnapha Khiewwijit    
 

Rijnaarts New wastewater treatment concepts towards 
energy saving and resource recovery 
 

Sjoerd Kerstens Zeeman Sanitation planning in developing countries 

Adam D. Wexler Buisman Electrically Excited Liquid Water 
Lessons from the floating Water Bridge 

Koen Wetser Buisman Electricity From Wetlands 
Technology assessment of the tubular Plant 
Microbial Fuel Cell with an integrated  
biocathode 

Pawel Roman Janssen Biotechnological removal of H²S  and thiols 
from sour gas streams  under haloalkaline 
conditions 

Sjef van der Steen Rijnaarts Beehold – the colony of the honeybee (Apis 
Mellifera L) as a bio-sampler for pollutants and 
plant pathogens 

Myrthe W. van den 
Dungen 

Murk/Kampman Persistent organic pollutants 
Aberrant DNA methylation underlying potential 
health effects 

Suman Bajaracharya Buisman Microbial Electrosynthesis of Biochemicals 
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Marieke  Zeinstra-
Helfrich 

Murk Oil slick fate in 3D 
 

Zhang Lei Zeeman/Rijnaarts Anaerobic Treatment of Municipal 
Wastewater in a USAB-Digester System 

Samet Azman Stams/Zeeman Anaerobic Digestion of Cellulose and 
Hemicellulose in the presence of Humicacids  
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The complete Publication List of the Sub-department of Environmental Technology 2015 can be found 
at the end of this brochure. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Education 

 
The Sub-department Environmental Technology offers an education and research programme that is 
focused on sustainable technological solutions for the worldwide environmental problems. Our 
approach is to combine several disciplines in order to achieve innovations for environmental solutions. 
Relevant research disciplines are biotechnology, microbiology, surface chemistry, organic chemistry, 
chemical technology, physical technology, etc. We also consider the social impact of our work to be 
very relevant and therefore we co-operate with other University groups, such as Environmental Policy, 
Environmental Economy and Management Studies. 
 
The Sub-department of Environmental Technology participates with courses and other educational 
subjects in a number of study programmes of Wageningen University, both on BSc and MSc level:  
 
1. Bachelor of Science (BSc) programme: 

- Environmental Sciences (BMW) 
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Environmental Technology is one of the three specialisations within this programme. 
 
2. Master of Science (MSc) programmes: 

- Environmental Sciences (MES) 
- Urban Environmental Management (MUE) 
- Biotechnology (MBT) 

- Biosystems Engineering (MAB) 
- Molecular Life Sciences (MML) 

In all these Master programmes, students can major in Environmental Technology. 
 
The  joint degree programme Water Technology of Wageningen University, Twente University and 
Groningen University, started in 2008, has now been accredited. The courses are offered in 
Leeuwarden at the Wetsus academy (www.wetsusacademy.nl).  
 

Bachelor of Science Courses 
 
ETE 10806 Introduction Environmental Technology 

The course gives a general introduction to environmental technology and its role in sustainable 
development, taking the nature and background of environmental and sustainability issues into 
account. Lectures deal with the various fields of application of environmental technology: gaseous 
emissions and off-gas treatment, water pollution and wastewater treatment, soil- and groundwater 
contamination and remediation technology, and the collection, management, conversion and re-
use of wastes. The most relevant state-of-the-art technology, as well as promising new technological 
developments will be discussed. Focus is on the biological, chemical and physical principles of the 
processes, as well on the design of process apparatuses and engineered natural systems. 
Sustainability criteria will be used to evaluate alternative processes. 
Working group sessions: 
Design and evaluation of environmental technology requires both quantitative assessment of the 
fundamental of the process as well as creativity in the innovative application of technologies. 
Students will practice this in exercises, in which relevant processes are analysed by means of 
calculations and cases are discussed and solved in small groups. 
Assignment coupled to lectures and excursion: The assignment is group work (2-4 students per 
group) and is focusing on selected environmental challenges of the world. Students choose a topic 
in week 1, analyse the environmental problem and define a solution during week 2 and 3 while 
integrating the lectured knowledge into their specific topic. They finalise a group report on this of 
3-5 pages for evaluation. In week 3 or 4, the excursion will visit a large company to learn about 
environmental technology in an industrial context. Here the students will also present their 
'challenges' assignment in pitch presentations and receive feed-back on the originality, scientific 
and technological soundness, and sustainability of their innovative solutions.  
Practical training: The practical exercises (in groups of 2-4 students) illustrate the theory of several 
environmental technological processes. By doing laboratory experiments on wastewater treatment 
and soil remediation, students get acquainted with practical aspects of environmental technology. 
They will evaluate the outcome of the experiments and draw conclusions for practical applications 
and write a practical report, due end of week 6. 
 

ETE 21306 Water Treatment 
This course deals with the most important processes that can be applied for the treatment of 
wastewater. These processes can be based on three principles: biological conversion of pollutants, 
physical removal of pollutants and chemical destruction of pollutants, or combinations of these 
processes. The aim of wastewater treatment is to obtain a water quality suitable for discharge into 
surface waters or to recover and reuse valuable products. The course focuses on biological 
processes for removal of organics based on aerobic or anaerobic processes and on removal of 
nutrients (N and P) by biological (or chemical) processes. Attention is paid to kinetic models used 
to describe the biological processes in a reactor as a tool for design, prediction of the performance 
and for parameter estimation. The physical/chemical processes settling, membrane filtration, and 
adsorption are also dealt with. 

 
ETE 23803 Environmental Process Engineering 

This course first deals with reaction kinetics, including zero-order, first-order and Monod kinetics. 
It is shown how experimental data can be used to assess and estimate kinetic parameters. Kinetics 
and stoichiometry are combined in mass balances for several reactor types that are commonly used 
by environmental engineers (e.g. completely stirred tanks and plug flow reactors). This results in 
simple mathematical models to calculate reactor volumes and predict reactor performance. The 
second part of the course deals with equilibrium and mass transfer processes. Mass transfer 
equations combined with mass balances are used to model several processes, including multi-stage 

http://www.wetsusacademy.nl/


counter current gas washers, oxygen transfer in bio-reactors and solid waste treatment. The models 
are used to identify mass transfer limitations and to make designs of process equipment. 
 

ETE 24304 Treatment of (Micro)Pollutants in Soil and Water Systems  
This course deals with the methods and technologies that can be applied for the treatment of water, 
sediment and soils that are contaminated with (micro) pollutants. The main purpose of these 
technologies is to neutralize harmfulness to the environment; further they aim at closing the water 
cycle and re-using soil. The treatment of water, sediment and soil is directed at the destruction of 
the (micro) pollutant. The technologies considered are based on biological, chemical and physical 
processes. With soil/sediment this step may be preceded by concentrating the (micro) pollutant in 
a limited amount of soil material which can be treated further. Both in-situ and ex-situ technologies 
are discussed. 
 

ETE 25812 Environmental Project Studies 
The main part of this course is a group-wise study of an environmental issue emanating from 
professional practice. Training in the methodology of research and in project management supports 
development of the research plan and execution of the research. Research skills are developed 
through practical training in information literacy and interviewing technique and subsequently 
applied in a research project that consists of literature research and/or empirical studies 
(measurements and interviews). Part of the course is devoted to the theory and ethics of science, 
particularly environmental science. Students are introduced to philosophical questions connected 
to current scientific practice. The research is reported according to the rules of scientific report 
writing. The course pays due attention to the societal aspects of the researched topics, the role of 
science, and the development of the students' own view on the approach of environmental 
problems. 
 

ETE 80903 BSc Thesis Environmental Technology Part 1: Design Tools 
The topic of this course deals with design tools that can be applied for simulation of processes in 
the area of environmental technology and for the development of technological solutions for 
environmental problems. The course focuses on the basic aspects of these tools and the way to use 
these tools in simulation models of processes and process chains and in flow sheeting. Also 
practical and theoretical calculations with these tools and assessment of the results of these 
calculations are part of this course. 
 

ETE 80909 BSc Thesis Environmental Technology Part 2 
The student makes a design study in the field of Environmental Technology. The design tools, 
learned in ETE-80903 will help the student to integrate previously acquired knowledge and skills 
in the design study. The design is made on an individual basis and the topic is chosen from a 
number of cases on offer. The design must satisfy both technological and societal needs and thus 
the evaluation will contain both elements. The resulting design must be presented for an audience. 
 

Master of Science Courses 
 
ETE 22806 Principles of Urban Environmental Management 

As the first in the MSc Programme Urban Environmental Management, this course introduces the 
four core perspectives in the Programme, i.e. Urban Environmental Quality and Health, Urban 
Environmental Technology, Urban Governance, and Urban Planning. The key concept in the course 
is that of a circular urban metabolism, which forms a basis for sustainable management of urban 
resources. Within a circular urban metabolism, resources necessary to support urban living are 
provided from renewable sources. For example, primary resources such as rainwater and renewable 
energy are captured locally, and secondary resources such as wastewater and solid waste materials 
are recovered and reused. Concepts such as Biomimicry, Cradle- to- Cradle, Industrial Ecology and 
Urban Harvest, with which the urban metabolism can be described, analysed and evaluated, are 
introduced. This is further extended by approaches (Urban Harvest Approach and The Natural 
Step), and tools such as Ecological Footprint, Mass Flow Analysis, Life Cycle Analysis and DPSIR. 
In addition to the consideration of urban resources, the course provides a basic understanding of 
environmental quality of (urban) water, soil, air, energy, waste, agriculture and services, its history 
and natural cycles and relevant indicators used to monitor it. The course includes three excursions. 
Furthermore, students apply knowledge gained during the course in an individual assignment. In 
this assignment, students focus on an environmental issue within the field of Urban Environmental 
Management, propose options to tackle the challenges involved and discuss implications of these 
proposed options. 
 

ETE 24804 Fundamentals of Environmental Technology 
General basic knowledge of environmental technology is refreshed and extended as a preparation 
for the more specific courses ETE-30306 and ETE-30806. Attention is paid to phase-separation 



processes and chemical and biological conversion processes for the treatment of water, gases, soil 
and solid wastes. These processes are analysed by mass balances, which are a powerful tool to 
design, model and optimize treatment processes. Physical, chemical and biological aspects, 
including equilibrium states and conversion rates, that are relevant for the development and 
application of separation and conversion processes, as well as the mathematics for the analysis of 
mass balances are discussed. The theory is critically evaluated in a technical laboratory practical. 
 

ETE 25306 Basic Technologies for Urban Environmental Management 
This course introduces the qualitative and quantitative aspects of resource (energy, water, waste) 
flows in an urban system, emphasising their origin, transport, use and return to the environment. 
The student learns to use tools like energy and mass balances for the analysis and design of urban 
resources flows. 
The course discusses various technologies that have been developed to cover urban resource 
demand and supply and related processes like treatment or recovery the environmental problems 
of urban systems. The focus is on state-of-the-art technologies for drinking water supply, 
wastewater treatment, energy supply and solid waste management. Furthermore, latest 
technological developments are presented, which can lead to more sustainable resources cycles. 
The course combines lectures with tutorials, individual assignments and field visits. Tutorial 
material is provided for students to understand, exercise and apply basic knowledge on physical, 
chemical and biological processes relevant for the understanding of urban environmental 
technologies. In the lectures, the basic principles and sustainability features of different 
environmental technologies are introduced. In the individual assignments, the student will perform 
a technology assessment for the solution of a specific urban environmental problem by performing 
basic calculations on urban flows. During the field visits students will experience various 
environmental technologies working in practice (e.g. drinking water purification plant, wastewater 
treatment, solid waste management facilities, power plants, etc.). 
 

ETE 30306 Biological Processes for Resource Recovery 
The subject of this course is the exploration of microbiological opportunities to recover resources 
within Environmental Technology, thereby closing material cycles with minimal losses. 
Thermodynamic, microbiological and biotechnological unified principles are used to assess the 
viability of those opportunities for application in practice. Viable opportunities are developed into 
technological concepts working at optimal energy conditions. 
 

ETE 30806 Physical and chemical processes for water treatment and reuse 
Global water scarcity necessitates the reuse of domestic, agricultural and industrial wastewaters. To 
achieve this objective, in many cases advanced treatment concepts are required, in which biological 
treatment processes for removal and recovery of bulk contaminants are supported by physical-
chemical treatment methods for removal of trace and/or non-biodegradable contaminants. In this 
course the emphasis is on these physical-chemical treatment technologies. Membrane treatment, 
advanced oxidation processes and electrochemical technologies are only some examples of the 
technologies that are explained. This course also deals with the background knowledge required for 
reactor design, optimization of reactor performance and scaling up. This includes physical 
transport phenomena, chemical and physical equilibria, chemical reaction kinetics, phase 
separation, electrochemistry and colloid chemistry. A number of realistic cases are described, which 
illustrate how, based on wastewater characteristics and effluent requirements, the appropriate unit 
processes can be selected and designed. 

 
ETE 32306 Renewable Energy: Sources, Technology & Applications 

Access to sufficient energy is a key prerequisite for any industrial society. Fossil fuels are the 
dominant energy source nowadays, but their use involves a number of problems: enhanced 
greenhouse effect, air pollution, and resource depletion. Energy savings and the use of renewable 
energy are directions for achieving an environmentally sustainable industrial society. This course 
will focus on harvesting sustainable energy sources as a key factor in solving environmental 
problems. Thermodynamics will be used to analyse the necessary energy conversion processes. 

 

ETE 32806  Managing Urban Environmental Infrastructure 
This course introduces urban environmental infrastructure in the context of rapid urbanization on 
the one hand, and technological innovation on the other. Its main focus is on urban environmental 
infrastructure, i.e. the systems to provide urban households and offices with energy, drinking 
water, sanitation and waste (water) services. 
The course begins with an introduction of the different physical and organizational elements 
describing the existing systems to handle urban energy and water services. The development of 
these systems is given a historical perspective, highlighting the processes and key drivers of their 
development for different urban typologies (developing, transition and developed countries). A 
major challenge for managing urban environmental infrastructures that is addressed is the asset 



management of the ageing existing urban infrastructures in the context of the crowded subsurface 
in which many stakeholders claim room for their cables and pipes. The transition towards multi-
asset management is placed in the perspective of building new infrastructures in developing areas. 
A second challenge that is addressed is the development of new ways of recovering energy and 
nutrients from waste water streams together with the impact of decentralised energy generation on 
the total cycle of water services. Guest lecturers are invited to share their experiences in relation to 
this aspect.  
Exercises 
In this course students will carry out a group work in which the development of the infrastructure 
of the city of the future is explored and presented. The assignment concentrates on the 
development of one infrastructure (clean water, waste water or energy) in two possible 
surroundings (newly built city or transition from present to future situation). The 6 variations are 
analysed on a number of parameters in groups of 4 tot 5 students and presented in a short report 
and presentation at the end of the course. 
Excursions 
The course includes an excursion to an infrastructure company that manages multiple assets, like 
drinking water production and distribution in combination with a sewer network. The company 
Waternet or a combination of companies will be visited, depending on available time and locations. 
Within the excursion some practical projects on network rehabilitation will be visited as well as a 
workshop with materials used in practice. 
 

ETE 33806 Planning and Design of Urban Space 
This course introduces concepts, principles and methods for the planning and design of sustainable 
urban environments. The mix of concepts, case studies and simulation exercises offered in this 
module provides students with theoretical and practical understanding of the key issues that urban 
planners and infrastructure managers are facing when developing sustainable urban communities. 
The course is built around real world planning challenges and brings together urban planning and 
urban design. 
In the group assignment students work on a case study in which they apply water-sensitive design, 
passive solar design and urban form concepts. In the individual paper students contrast current 
planning methods with selected literature. In a small, one-week assignment, students practice the 
use of various planning tools, e.g. Environmental Impact Assessment, evaluation matrices and Net 
Present Valuation. Finally, students are introduced to the design software Google Sketchup.  
The course is facilitated through lectures, but interactive hands-on workshops are a key element of 
this course. The analysis of real cases during the lectures, the group assignment and the individual 
assignment are other specific features of the course. 
 

ETE 34306 Energy, Water, and Waste Cycles in the Built Environment 
Our continuously growing cities and (urban) populations are highly and increasingly dependent on 
external supply of, often overexploited and limited, resources like water and energy. Our modern 
cities can be characterized by their linear way of consuming high-quality resources and leaving 
behind waste streams and thus cannot be considered sustainable. The bio-capacities or ecological 
footprints of these cities and their hinterlands are largely exceeded as resources are used 
inefficiently as local supply, reuse and recovery potential is neglected. This course focuses on the 
positive impact, concepts and methodologies of a circular approach: closing resource (energy, water 
and nutrient) cycles in accordance with sustainability principles by applying various and suitable 
technologies and sustainability concepts to achieve this in practice. 
Based on the concept of Urban Metabolism, students are given the opportunity to critically examine 
and apply several conceptual frameworks that aim at closing resource cycles, such as e.g. Urban 
Harvest and New Stepped Strategy. Used streams are not considered as waste but as a source of 
secondary resources that are returned to either naturally occurring or technological cycles, at the 
required quality level. Furthermore, (technical) options and concepts to locally supply and 
recover/reuse resource streams are introduced and evaluated in regard of possible self-sufficiency 
and reuse/recovery potential based on the assumed knowledge from ETE 25306 (Basic 
Technologies for Urban Environmental Management). In addition, assessments and case studies 
are provided of situations by practitioners from the field and scientists from related academic 
fields, where the application of individual technologies and their appropriate combinations ensure 
sustainability under given local conditions regarding scale, climate and rural-urban typology.  
The course consists of 2 main parts: a) lectures, in which i) methodological concepts to analyse and 
evaluate resource flows and technological concepts are introduced, ii) possible technical concepts 
for closing resource cycles are discussed and iii) example cases for closed resource cycles are 
highlighted and b) a group assignment that challenges students to i) analyse and assess resources 
flows in an urban setting and ii) propose, evaluate and compare feasible measures to improve 
sustainability of the current practices related to energy, water and nutrient management. 
Furthermore, field visits to cases with (partially-)closed cycles are planned to show the lecture and 
assignment content in practice. 



ETE34806 Chemical and Biological Resource Quality in Circular Economies 
- Chemicals in multiple recycling in resource-efficient cyclic economies: - overview of emerging 
contaminating substances in recycled water, nutrients, organic residues, surface water, sediments, 
and soils;  
- overview of advanced methods for screening and monitoring accumulation and availability of 
these substances;  
- dispersal and effect modelling on local and regional (river basin) scale, including natural 
attenuation, with respect to the soil-water-air system, natural flora and fauna, and human food 
chains;  
- preventive technological and management measures to control dispersion/accumulation in the 
natural environment (water and soil resources, natural biota), crops, livestock, and humans;  
- Pathogenic organisms in multiple recycling in resource-efficient cyclic economies: 
- overview of emerging pathogens in recycled water, nutrients, organic residues, surface water, 
sediments, and soils;  
- overview of advanced screening, monitoring, and effect assessment methods;  
- dispersal and effect modelling on local, regional (river basin) scale, including natural attenuation;  
- technological and other management measures to protect the health of humans, livestock, and 
other organisms. 

ETE 50401 / ETE 50406 Capita Selecta Environmental Technology 
To explore a specific development or state-of-the-art in the field of Environmental Technology. 
 

ETE 50803/50806  Capita Selecta Urban Environmental Technology and Management 
Select topics in Urban Environmental Technology and Management. 

 
ETE 70424 / ETE 70439 Internship Environmental Technology  
ETE 70824 / ETE 70839 Internship Urban Systems Engineering 

The Internship is a learning period during which the relationship with professional practise is 
emphasised. The internship and supervision are usually provided by a third party outside the sub-
department of Environmental Technology.  

 
ETE 80418 / ETE 80439 Thesis Environmental Technology  
ETE 81824 / ETE 81839 Thesis Urban Systems Engineering 

The MSc thesis is the culmination of the Master study programme. The student independently 
addresses a topic, usually by doing research within an ongoing research project. It is possible to 
make your own research proposal or conduct research that involves other chair groups. 
 

XWT 30305 Biological Water Treatment and Recovery Technology (Leeuwarden) 
The first part provides an introduction about the wastewater characteristics important for the 
design of biological treatment plants. The basic principles of biological treatment are introduced, 
including basic microbial principles, kinetics of microbial conversions, stoichiometry and mass 
balances for pollutants or resources and biomass. The necessity to operate biomass retention 
systems is discussed and general design criteria for treatment systems are presented. This part is 
illustrated with municipal wastewater treatment as employed in developed countries and explains 
aerobic removal of organic matter, nitrogen and phosphorus removal in activated sludge processes 
and how to design such processes in relation to the wastewater characteristics. 
The second part of the course focuses on anaerobic treatment of wastewaters and waste slurries as a 
method to produce the energy carrier methane from these waste streams. Anaerobic metabolism is 
explained as well as toxicity aspects, the most commonly applied reactor types and design criteria 
for these. 
The third part deals with removal and recovery of sulfur from wastewaters and liquids generated 
during treatment of waste gases. The (micro)biological sulfur cycle will be explained, including 
oxidation and reduction processes and substrates and products involved in these processes. Reactor 
concepts applying these microbial processes are introduced and design criteria for such reactors are 
explained.  
Organic matter in wastewaters represents a potential source of energy. Lecture part 4 will 
demonstrate possibilities to convert organic matter in electricity, methane (see above) or hydrogen 
gas by microbial based processes. The feasibility to perform such conversion processes is explored 
using thermodynamic principles and calculations. This is further illustrated with a number of 
innovative technologies including microbial fuel cells. 
Metals in wastewaters often are (toxic) pollutants and sometimes scarce resources at the same time. 
The fifth lecture part deals with these metals and bio-crystallization processes to remove and 
recover them from wastewaters. Principles of crystallization and bio-crystallisation and biological 
metal reduction processes to make them amenable for precipitation and crystallisation will be 
explained. 



Ph-D courses 
 

Our most recent Sense PhD course “Masterclass Biobased Innovation” was held 1-5 July 2013. This 
Masterclass consisted of two parts: (i) background on technological and non-technological aspects 
given via lectures by experts from R&D and industry and (ii) validation of the knowledge by 
proposing a possible application or solution as a business case.  

 
Planned fieldtrips in 2017 
 
ETE10806 Introduction Environmental Technology 

 An industrial company showcasing innovative environmental technologies in practice 

 Waste water treatment plant RWZI Bennekom 
 

ETE21306 Water treatment 

 Water treatment plant Apeldoorn 
 
ETE 22806 Principles of Urban Environmental Management 

 NIOO building (for decentralised wastewater) 

 Agrodome ( for sustainable building (materials)) 

 A visit to a AVR Rotterdam for solid waste collection and recycling  
 
ETE 25306 Basics of Urban Environmental Technology 

 Wastewater treatment plant operated by one of the waterboards in the neighbourhood (e.g. Ede, 
Amersfoort, Apeldoorn) 

 Solid Waste Management company (e.g. Attero, VAR, ANR Nijmegen) 

 Energy facility: Related elements are visited on two previous mentioned plant (e.g. anaerobic 
digestion of wastewater sludge for energy generation and utilisation). 

 
ETE 32806 Managing Urban Environmental Infrastructure 

  A visit to a few infrastructural sites in the surroundings (maintenance, construction) 
 

ETE 33806 Planning and Design of Urban Space 

  Culembourg – EVA Lanxmeer: This is a sustainable community in Culembourg (NL). Students 
will attend a presentation about how this community was planned and on which principles it is 
based. Thereafter, students will visit the area, with focus on the following aspects: 
o  Design 
o  Historical and underground aspects 
o  Permaculture 
o  Ground source heat pump and heating system 
o  Community management 
o  Public and private space 

 Hoofddorp, Park 20|20 
Park 20|20 is based on the philosophy of cradle tot cradle for industrial and business parks. Park 
20|20 combines sustainable design and an optimal ecological approach with an innovative way of 
doing business.. 

 
ETE 34306 Energy, Water and Waste Cycles in the Built Environment 

 The 1st part of the excursion is to Delft Pharmafilter - integral concept for the healthcare, 
treatment of waste and purification of wastewater for hospitals. The concept is cleaner, more 
efficient and easier for the patient and its nursing staff; there is more efficiency and hygiene in 
handling the hospital waste; less contact moments with contaminated waste. Locally the solid 
waste and wastewater are processed, purified and stripped of all harmful substances for people, 
animals and the environment. 

 The 2nd part of the excursion goes to Metabolic, de Ceuvel. This spot was, over the past year, 
together withpartners space&matter and DELVA Landscape Architects, transformed from a 
polluted land into a creative office park that is largely self-sufficient for energy, sanitation, water, 
and nutrient recovery. The de Ceuvel site in North Amsterdam is a one of a kind living laboratory 
and office park that showcases clean technology in the built environment. It is the first of two 
urban developments as part as Metabolic’s Cleantech Playground concept.  
 

ETE34806 Chemical and Biological Resource Quality in Circular Economies 

 A couple of examples of closed circular systems where quality is important. These are focused on 
water reuse systems in the western portion of the Netherlands. Additionally, students travel to 
experts to discuss their group design projects.  



Facilities 

 
Modutech: a unique technology development facility 
 
Modutech is a fully equipped, state of the art 
modular technology facility for bio-based and 
environmental sciences research. It offers a 
wide variety of support and services. Research 
institutes, other departments of Wageningen 
UR and companies have the opportunity to 
rent individual units to carry out their own 
research. Within this partnership, we can offer 
scientific and technical expertise as well as next 
door laboratory facilities for standard analyses.  

 
 
Customized to specific research needs  
Modutech covers a total of 300 m2 including 24 units of 2 m2 and 4 units of 12 m2. The units can be 
fully customized and adapted to specific research needs. Each unit has basic supplies, such as 
electricity (standard 220 V as well as power current 380 V), water and water disposal, nitrogen and 
compressed air and ventilation. Some units we can control the temperature between 15-35 0C . Extra 
connections are available for CO2 and O2. Additional special safety storage for dangerous gasses is also 
available for each unit. A Draeger safety system, equipped with gas sensors, can detect different toxic 
and explosive gasses, for example CH4, H2, H2S and NO2. In the near  future Modutech will have the 
unique possibility  to work under fully anoxic conditions in select units, offering a spacious area to 
conduct experiments.    
 
Scientific and technical expertise 
Modutech not only offers fully customizable, state of the art units, but also offers full technical and 
scientific support. There is substantial in-house expertise on bio-based science, experimental design 
and laboratory support. Students can be commissioned to carry out either long-term or short-term 
experiments.  
 
 
 
 

 
 
 
 
 
 
 

Combination of research facilities 
For wastewater treatment and sanitation 
research, Modutech offers special facilities that 
go well beyond standard research 
accommodations. A pipeline from the town of 
Bennekom directs wastewater (1 m3/hour) to 
Modutech for research, which can be stored in 
one of the two cooled 3.5 m3 tanks. Sanitation 
studies are also possible with 2 Roediger 
vacuum toilets, 2 Gustavsberg  no-mix toilets, 
2 Urimat water free urinals and a separate grey 
water collection facility. September 2013 we 
installed eight 4x3 m2 constructed wetlands 
(helophyte filtering) for additional wastewater 
cleaning steps. These offer the possibility to 
conduct even salt-water experiments. The 
diversity and quantity of equipment support 
almost any experimental setup and allow 
clients to run several experiments 
simultaneously.     

 



 

Laboratory facilities @ ETE 
 
MODUTECH is supported by a well-equipped analytical research environment with an analytical staff 
of 5 persons (3.9 fte). They have broad practical knowledge in research and take care of the lab 
organisation, equipment and support in teaching and guiding the students and researchers in their 
practical period. Furthermore they take care of the practical input during the practical periods in the 
ETE educational program. The lab provides the researchers with basic laboratory equipment and a set 
of route analysis methods (e.g. biogas analysis, VFA & MCFA analysis, PAH analysis, TPH analysis, 
ICP metal analysis). In addition to the routine setups we can offer some flexibility to switch and set up 
analytical methods on a number of different GC and LC systems according to the specific analytical 
research question in a project. 
 

 
 

 

 
Environmental Technology makes use of 
concepts and mechanisms from different 
scientific disciplines also making 
microbiological facilities important. An 
anaerobic hood, laminar flow cabinet and 
microscopes offer us the possibility to make 
use of these topics in our studies. Of course we 
also have collaborations with colleague 
university group which gives us access to more 
specialised research techniques.

Overview of available measuring techniques in the ETE analytical labs. 
 
Principle Equipment Detections method To analyze 
 
 
 
 
 
 
Chromatography 

 
 
 
GC 

 
FID 

VFA & MCFA 
SC Alcohols 
TPH 
BTEX 

ECD Chlorinated compounds 
HWD O2, N2, CH4, CO2, CO, H2 
IontrapMS general 

 
LC 

RI sugars 
UV-Fluorescence PAHs 
DAD-iontrapMS u-pollutants (medicines, pesticides, hormones) 

 

IC 
Conductivity F-, CI-, Br-, NO2

-, NO3
-, SO4

2-, PO4
3-, NH4

+ 

UV AsO4
3-/AsO3

3- 

 
 
 
Spectroscopy 

 
Plate reader 

UV-VIS Sugar screening 
Fluorescence Toxicity screening 
Luminescence 

Cuvette double 
beam 

 
UV-VIS 

NH4
+, NO3

-, PO4
3-, Fe2+/Fe3+, Starch, COD, TOC  

ICP Optical emission Metal ions, phosphorus & sulphur 
Crystallography XRD Angle diffraction Minerals 

 
In 2015 the lab team has started working on improving instrumental lab efficiency by screening the 
need of specific analytical instruments. The outcome is a plan to upgrade the current analytical 
systems to be able to combine current analytical possibilities with future analytical needs keeping in 
mind user friendliness. In 2016 we aim to make a start with replacing some old systems which will be 

offered to partners interested. 

                   



 
 

Environmental Technology focuses on resource efficiency and 
resource recovery to prevent depletion and on quality of water, 
soil and recycled resources to prevent pollution 
 
Urban Systems Engineering focusses on systematic integration 
of concepts, techniques and models to improve the Metropolitan 
Environment. 
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Biorecovery 
 

Environmental problems 
 
Societies are highly dependent on access to mineral 
and energy resources. At this moment the world 
depends on fossil reserves of both minerals and 
energy. For the transition to a more sustainable 
world it is necessary to change from fossil sources 
to renewable sources. For minerals, recovery from 
many residual streams of industry and cities can be 
a new source. Energy can be recovered from 
residual streams from cities and agriculture. 
Finally, new energy conversion technologies based 
on the sun (biomass, direct sun conversion, fresh 
water flows) can be developed.  
By developing new technologies to recover energy 
and minerals from waste, also new methods can be 
found to clean up the waste streams from existing 
processes for energy and mineral extraction from 
fossil sources. These new technologies enable 
removal of sulphur, metals and nitrogen, or 
preventing their emissions from water and gas 
streams. These technologies will have a positive 
influence on many environmental problems, like 
acid rain, climate change, and cadmium pollution 
of soils. 
 
Our solutions 
 
The biorecovery  group seeks to solve these 
environmental problems by using biobased 
technologies to recover energy and inorganic 
compounds from residual streams. Innovative 
research is on-going in the following areas: 
 
1) Production of electrical energy, fuels and 
sustainable heat from residual biomass. This type 
of biomass is left over after extraction of valuable 
(food) ingredients from agricultural products. The 
use of residual biomass enhances the economic and 
social potential of our processes. We use natural 

biotechnology i.e. we employ the processes as they 
occur in nature.  
 
2) Application of the biological sulphur-cycle in 
water and gas treatment.  
 

3) Biocrystallisation: biological recovery and 
removal  of metals and minerals from industrial 
wastewater and/or groundwater.   

 
4) Biological modification of (waste) materials to 
reduce the environmental impact or improve the 
efficiency of industrial processing. 
 

Our approach 
 

 Central in our approach is the 
development and operation of bioreactors 
that enable the selection of the right 
organism for the desired conversion. The 
research is based on lab-scale systems 
where the selection of natural micro-
organisms takes place and can be studied 
and steered. Next to this practical research 
models are needed to describe and further 
develop these processes 

 The research has a multidisciplinary 
character, including microbiology, 
analytical and colloid chemistry, geology, 
biophysics,  process technology, 
electrochemistry, and automation. 

 Development of innovative processes for 
the recovery of inorganic minerals, organic 
fules/chemicals and the production of 
renewable energy. 

 Development of more sustainable 
industrial production processes, in co-
operation with end-users and technology 
providers.  
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Mar 2015 - 2019 

Motivation 
 
CO2 is the primary contributor to global warming. 
The conversion of waste CO2 into valuable products 
has been proposed by many researchers. A novel 
mechanism is microbial electro-synthesis (MES), in 
which electrochemically active microbes use 
renewable electricity to convert CO2 in organic 
molecules. MES is considered more efficient and 
sustainable than photosynthetic bio-fuel production. 

Technological challenge  

 
The MES cell consists of an anode and cathode, 
separated by a membrane, as shown here.  
 

 
 
Although promising, MES still faces challenges that 
limit its application. Three main challenges will be 
addressed as part of this research project:  
 
•  The e- transfer from the electrode to the microbes 
is limiting. 

 
•  The product spectrum of MES is limited. 
 
•  Product separation is inefficient due to high 
solubility, low product concentration, product 
inhibition, bio-degradation or toxicity. 

Methodology  

 
In order to address these limitations, we will 
evaluate electrodes modified with electro-catalysts 
as bio-cathodes for MES cells, thus combining 
electro-catalysis and MES. The set-up that will be 
constructed to evaluate the concept is shown below 
(depicted to operate with a bio-anode and chemical 
cathode).   
 

  
 

The challenge is to investigate and develop different 
electro-catalytic bio-cathodes, resulting in improved 
operation of the MES process. The project will be 
performed in collaboration with the Biobased 
Chemistry and Technology (BCT) group of WUR.  

Ion-exchange 
membrane to 
separate and 
control the 
movement of 
cations (C+) and 

anions (A-) 

Electricity 
source to drive 
the reactions 

Bio-cathode: microbes use e- to 

reduce CO
2
 into products 

Chemical anode: 
water is oxidized, 
releasing oxygen, 
protons and 

electrons (e-) 

External circuit 
for e-

 

transfer to 
the cathode 
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Motivation 
 
There is a need for fertilizers in agriculture to ensure 
sufficient food production. These fertilizers are 
made from phosphorous (P) and ammonia (NH3). P 
is limited and scarce and NH3 comes from energy-
intensive processes, such as the Haber-Bosch 
process. 
 
Urine is a potential source of these nutrients. It 
contributes to 80% of the nitrogen (N) and 50% of 
the P load in conventional domestic wastewater. Its 
high N and P concentration compared to normal 
sewer water 
enables a more 
effective and 
energy efficient 
recovery. 
Additionally, 
the nutrient 
load to the 
wastewater 
treatment 
plants is 
lowered and the 
water 
consumption 

reduced by the 
use of 
separation 
toilets or                   Fig.1 ValueFromUrine pilot plant 
water free urinals.  

Technological challenge  

 
The aim is to develop, demonstrate and evaluate an 
innovative and energy-efficient bio-electrochemical  
system (BES) that allows for the recovery of valuable 
nutrients (P and NH3) from urine while producing 
chemicals (NaOH, KOH) and, electricity or 
hydrogen (H2) (Fig. 2 and 3).  
 

 

 
 

 
 

 
 
 
Fig.2 General process scheme. P is recovered via struvite 
precipitation.  

 
The process must be optimized and the material 
costs lowered in order to make it more economically 
attractive.  For that reason, the research involves:  
 
• Optimization of coulombic efficiency and current 

density of the anode; NH3 and alkaline recovery 
of the cathode 

• Testing different configurations of cell stacks to 
decrease start-up and operation problems and 
increase current density  

 
Fig.3 Working principle of two different BES: microbial 
fuel cell (MFC) and microbial electrolysis cell (MEC). 
Biological oxidation of organics drives transport of 
cations through the membrane.  

 
Project funded by the EU FP7 (Grant No. 308535) 
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Motivation 

 

 
 

Medium-chain-length carboxylic acids are 
important building blocks for polymers and resins. 
Conventional production processes of these 
chemicals have the disadvantage that petrochemical 
or food compounds are used as substrate. The use of 
agricultural residues or municipal solid waste as 
feedstock for the production of these (bio-based) 
chemicals is a promising alternative. However, the 
utilization of these waste streams into bio-based 
chemicals can only be feasible when an energy 
efficient process is used. 

Technological challenge  

 
In this project, a novel, economic and eco-friendly 
bioprocess concept for the production of medium-
chain-length carboxylic acids will be developed.  
The technological challenge is to find process 
conditions for the fermentation and downstream 
processing (DSP) steps that result in an efficient 
medium chain carboxylic acid production from agro-
food residues. Ideally, the process involves high 
production rates and high conversion efficiencies 
while a minimal input of energy and additives is 
required. Other design criteria include high 
purification efficiencies and a minimal formation of 
waste or co-products. 
 
The first step in this process  involves the anaerobic 
digestion of low-grade biomass into mainly volatile 
fatty acids (VFAs). Subsequently, the VFAs are 
separated and fermented to medium chain 
carboxylic acids such as caproic acid, enanthic acid, 
caprylic acid and pelargonic acid in a second 
anaerobic mixed culture fermentation step. Finally, 
the fermented products are purified in several DSP 
steps. 
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Motivation 

 
Recently, there has been a burst of interest in 
methane formation from carbon dioxide by 
bioelectrochemical systems (BES), which has been 
innovatively utilized for energy generation in a clean 
and sustainable way. This technology holds a great 
promise as 4th generation biofuel, a carbon negative 
source of fuel upgrading feedstock by capture and 
sequestration of CO2. The 4th generation biofuel 
does not rely on biomass, therefore, eliminating 
ever-lasting competition with food production, as 
land, water and fertilizer are scarce. Here, we design 
a new bioelectrhochemical system to produce 
methane from sunlight, waste CO2 and 
microorganisms. The efficiency of converting 
sunlight into methane by BES (estimated 70%) 
combined with a PV cell (15%) will be >10%, which 
is much higher than that of directly into biomass 
(only 0.5-3%). 

Technological challenge  

So far, the rate of methane production is low for 
practical application and sustainable electron donor 
is still under investigation. We will develop the 
system to improve versatility and practicality.   

 
 
 
The main technological challenges  are: 

 Elucidating mechanisms of methane-
producing biocathode 

 Coupling bioelectrochemical methane 
production with photo-electrochemical 
water splitting 

 Optimization of bioelectrochemical methane 
production       

 
-

CH4

R

V

e-

B
io

c
a

th
o

d
e

CO2

Power supply

Short circuit

hγ

Photoanode

e-
CH4

CH3COOH(HCOOH) 

H2

e-

(1)

CO2 +H+

CH4

CO2 +H+

CH4

(2)

O3HCH8e9HHCO 24

--

3  

Methanogenesis

electricity 

Indirect  Electron Transfer

E
le

c
t
r
o

d
e

(3)

Direct  Electron Transfer

H+ CO2

CH4

H+

CO2 +H+

CO2

CH4

(4)
(5)

(6)

-

342

-

3 HCOCHOHCOOCH 

Acetogenesis (H2)

Acetogenesis(electricity)

O3HCHH4HHCO 2423  

electricity 

Hydrogenesis

mailto:Annemiek.terHeijne@wur.n


  

  

CV Researcher; 

Graduated;  

 

Hobbies;  

e-mail; 

tel; 

 

Casper Borsje 

Wageningen University, Environmental Technology 
(2015)  

Photography, reading and nature 

casper.borsje@wur.nl 

058-2843016 

 

Capacitive bio-anodes for electricity 
production in Microbial Fuel Cells 

Researcher 

ir. C. Borsje 

 

 

Supervisors 

Dr. ir. A. ter Heijne 

Dr. ir. T.H.J.A  Sleutels 

Promotor 

Prof. dr. ir. C.J.N. Buisman 

 

 

Aug 2015 – 2019 

Motivation 

 

 
 

Wastewater treatment is an essential part of the 
society. The organic material in wastewater can be 
recovered as electricity with  Microbial Fuel Cells 
(MFCs), while the wastewater is treated 
simultaneously. The dissolved organic material in 
wastewater is directly converted to electricity via 
oxidation by electroactive bacteria growing on the 
bioanode (Figure 2, top left). Industrial application 
is hampered by clogging, pH gradients and slow, 
expensive cathodes compared to the anode, limiting 
scale up and power densities. A new development: 
the capacitive MFC, can in principle solve these 
challenges. Bacteria grow on the surface of a porous 
structure. Electrons from the oxidation are stored 
in the porous structure. The combination forms a 
capacitive bioanode, shown in Figure 1 as a porous 
activated carbon granule.  
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Figure 1 

Technological challenge  

 
The capacitance allows decoupling of the 
wastewater treatment and the electricity 
production, which allows both steps to be 
optimized separately. In the larger anode volume, 
the bioanode granules, which provide high 
capacitance and growth surface per volume of 

reactor, are charged. The charged granules move to 
a smaller  discharge cell, where the electricity is 
produced, which reduces the costs per volume. See 
Figure 1 for a schematic representation. The aim 
this research project is to develop the capacitive 
bioanode Microbial Fuel Cell concept towards 
application, by: 

- Discharge characteristics of granular 
(bio)anodes 

- Designing a moving bed reactor 
- Optimization of operational parameters  
- Pilot scale application with real wastewater.  
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Motivation 

 

The depletion of fossil fuels, the increased 
environmental concerns and the rising of world 
energy consumption has led to the need of 
alternative energy sources that are clean and 
renewable. Microbial Fuel Cell (MFC) is a CO2 
neutral, sustainable and efficient technology to 
recover electricity from organics in wastewater. 
Classical MFCs have limitations like energy losses 
in the anode/cathode or high material costs that 
can be overcome with capacitive MFCs, which use 
capacitive materials like activated carbon granules 
where the biofilm can attach.  

Principle of Capacitive MFC 
Activated carbon (AC) granules have a conductive 
surface with many pores that provides large surface 
area for the growth of biofilms(see figure below). 
These electrochemically active microorganisms will 
extract electrons from wastewater and store them 
within the capacitive granules. At the same time, 
protons and other cations present in the wastewater 
will be attracted towards the granule and form an 
electrical double layer to maintain electroneutrality.  

Fig.1: Conversion of acetate by microorganisms in AC granules 
and storage of released electrons. On top, set-up of a single-
granule test cell.  

Technological challenge  
The present study aims to develop and study a MFC 
by combining an electro-active biofilm with 
capacitive, activated carbon granules. The two key 
objectives are:   

 To develop a single-granule test cell and a 
measurement strategy in order to study charge-
discharge behavior and quantify charge storage 
by electro-active biofilms on a single capacitive 
granule under well controlled conditions. 
Factors such as pH, buffer concentration, flow 
rates or acetate concentration will be studied 
for their effect in charge storage of granules.  

 To conceptually understand the biological 
charging and discharging through the 
development of a mathematical model that 
integrates bioelectrochemical and capacitive 
charging models. This model, together with the 
experimental data, will help in the 
understanding of the basic processes that 
determine charge storage.  

Fig. 2: Left-Charge over time of an AC granule at 0.1V, 0.5V and 
0.9V in 0.1M salt solution. Right-Charge at different potentials 
leads to the calculation of charge storage/ capacitance.  

http://www.wur.nl/
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Motivation 

 

 

Arsenic is a major contaminant in the non-ferrous 
metallurgical industry and treatment of arsenic-
rich wastewaters is one of the most important 
environmental issues for the mining and 
metallurgical industries. Arsenic in metallurgical 
waste streams originate in particular from complex 
ores that are mined for copper, lead, zinc, cobalt, 
gold and silver. The demand for these metals has 
grown dramatically in the past years, creating a 
surplus of arsenic. 
The immobilization of Arsenic as the very stable 

mineral  Scorodite (FeAsO4 2H2O) is the preferred 
route to safe long-term storage.  
 

Technological Principle: 
In the BIOSCORODITE PROCESS a new biological 
process concept, the principle of biocrystallisation 
is introduced. In this process scorodite is 
crystallized with the aid of arsenite and ferrous 
(Fe2+) oxidizing bacteria.  
Previous investigations showed that scorodite 
crystallization can be controlled by iron-oxidizing 
bacteria growing at pH 1.3 and a temperature of 75-
80ºC in the presence of arsenate (AsO4

3-).  
However, in many relevant waste streams arsenic is 
present as arsenite (AsO3

3), which remains in 
solution at the pH of less than 1.3 required for 
scorodite formation from arsenate and ferric. 
Biological arsenite oxidation is still a challenge, as 
is the conditions for crystallizing the most stable 
BioScorodite 
 

Research challenges  
 Find a suitable thermoacidophile culture for 

arsenic oxidation and study the kinetic of 
biological Arsenite oxidation at pH 1.5. 

 Effect of conditions pH/Temperature on the 
cristallynity and stability of scorodite formed 
from biologically oxidized arsenite and iron 
ferrous. 

 Optimize the operational window of an airlift 
reactor to generate bioscorodite from As(III) 
and Fe(II) including the treatment of high 
concentrated arsenic streams. 

 
 
 

Fig 2. SEM picture 
BioScorodite 

Fig1. Theoretical concept of  
BioScorodite crystallization  
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Motivation 
 

 

With ever increasing worldwide energy demands 
and raised concerns about the environmental 
impacts of burning fossil fuels, renewable energy 
sources are slowly but steadily gaining ground. One 
of the major challenges for implementing 
renewable electricity is the variability in generation 
of sun and wind energy and matching this with a 
fluctuating demand. Energy storage devices will 
likely become a necessity with further increasing 
renewable electricity shares. Current storage 
systems often cope with safety issues or toxicities 
and require scarce and non-renewable materials. 
Therefore, a safe, renewable and low-cost system 
for household-scale energy storage would bear high 
potential.  

Bioelectrochemical systems (BESs) could play an 
important role in future energy storage, as the 
catalysts in these systems (i.e. microorganisms) 
(re)generate and use renewable and widely 
available substrates, namely water, CO2 and 
nutrients. 

Technological challenge  

While both microbial electrosynthesis (MES) and 
microbial fuel cells (MFCs) have been subject of 
intensive study over the last decades [1,2], they 
have not yet been integrated into one system, with 
the objective to store and recover electricity. For 
this new concept, we introduce the name Microbial 
Rechargeable Battery (MRB). In a MRB, during the 
MES phase, electrical energy is consumed to form 
acetate, while during the MFC phase, electrical 
energy is generated by consumption of acetate. The 
proposed system therefore requires stable 
intermittent operation of both biocathode, 

bioanode, and their counter electrodes.  It is our 
challenge to proof this concept, and then improve 
it. 
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Research goals  

 Deliver the proof-of-concept 

 Increase energy density by optimization of 
acetate concentration during charging 

 Improve cell voltage and footprint by 
selection and testing of suitable counter 
electrode reactions 

 Obtain high power density and energy 
efficiency by smart system design 

 
1] Sleutels, T. H. J. A., Ter Heijne, A., Buisman, C. J. N. & 
Hamelers, H. V. M. Bioelectrochemical systems: an outlook for practical 
applications. ChemSusChem , (2012)  5, 1009-1012. 
 
[2]  Rabaey, K. & Rozendal, R. A. Microbial electrosynthesis - 
revisiting the electrical route for microbial production. Nat. Rev. 
Microbiol. (2010) 8  706–716  
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Motivation 

 
 
 

 
Groundwater is an important source of drinking 
water. However, groundwater worldwide contains 
up to 50 mg/L of iron, while WHO recommends a 
concentration  < 0.3 mg/L for drinking water. 
Currently, uncontrolled precipitation is the most 
utilized method. This results in a voluminous 
sludge waste stream of low value. We propose to 
use the iron present in the ground water to form the 
more compact and more valuable magnetite. 
 

 
 
Magnetite (Fe2+Fe3+

2O4) is the most magnetic 
mineral naturally occurring on earth. Because of 
the magnetic properties of magnetite, it has several 
high end applications. These include targeted drug 
delivery and contrast agents used for MRI scans. 

Other uses of magnetite 
are for example magnetic 
inks and data storage. 
These applications 
require magnetite 
nanoparticles with a 
uniform size distribution 
and morphology. 
 
Natural magnetite is 
often not suitable for 

high end application due to impurities. Several 
chemical routes are available to synthesize 
magnetite. However, due to the employment of 

elevated temperatures and toxic chemicals to meet 
the product demands, these are environmentally 
unfriendly methods. 
 
 

Technological challenge 

 
Magnetite can precipitate from a solution 
containing both ferrous and ferric iron. This can be 
obtained by either partially oxidizing Fe2+ (see 
scheme below) or partially reducing Fe3+. Together 
with present oxygen atoms, this can crystallize to 
form magnetite. 
 

Fe3+

Fe2+

Fe2+

Fe2+

Fe2+

Fe3+

Biological oxidation

Crystallization

 
Iron conversions and precipitation are rapid 
processes, implying that controlling the 
precipitation is the main challenge. 
Microorganisms can control the rate of the iron 
conversions, and thereby the rate of precipitation. 
This provides the opportunity to produce 
nanoparticles with a narrow size and shape 
distribution. 

Objective: 
Design a biologically induced process in which 

magnetite is selectively formed from aqueous iron. 
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Motivation 

 

The need for a biobased economy is driven by the 
depletion of fossil fuels, environmental pollution 
and energy shortages. In the future waste needs to 
be used as a sustainable feedstock. The challenge 
lays in the conversion of biomass waste streams 
into valuable products in an economical way. 
Microbial electrosynthesis was shown to convert 
CO2 and low-value waste into medium chain fatty 
acids (MCFAs). In order to decrease process costs, 
recovery of the products should be selective and 
efficient. Traditional extraction solvents are not 
sustainably produced, flammable, needed in big 
quantities, and not selective. To overcome these 
drawbacks, newly developed ‘green’ solvents (deep 
eutectic solvents) can be used to extract the 
produced biochemical in a more sustainable way.  
 

 
 

Figure 3: schematic overview of integrated 
production and separation system 

 
 

Figure 4: 6 MES reactors in the lab 
 

Technological principle 

The production of carboxylates takes place in a 
bioelectrochemical system, see Figure 1. Such a 
system consists of  an anode and a cathode 
separated by an ion-selective membrane. At the 
cathode microorganisms will grow on the electrons 
from the electrode and on the acetic acid feed, 
producing the MCFAs. The recovery of the products 
takes place in a separation system connected to the 
catholyte solution. The deep eutectic solvent will 
extract the products from the aqueous phase here.  
 
 

Research Challenges 

 To increase the production of carboxylates to 
valorise MES as a waste-converting technology.  
 

To integrate in situ selective separation by 
deep eutectic solvents with the production by 
microbial electrosynthesis. 
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Figure 1. A salinity gradient battery. Red squares depict cation 
exchange membranes (CEM), green square depicts anion exchange 
membrane (AEM). Additional membranes may be added.  
 

Motivation 
 
Salinity gradients can be applied for storage of 
electricity and conversion of thermal differences 
(e.g. solar heat, industrial waste heat) into 
sustainable electricity, all by means of harmless 
environmentally safe technology. These closed 
systems are scalable, universally applicable and 
constructed from abundant materials. The main 
materials are NaCl solutions. Additionally, the 
content of the system can be controlled and fouling 
reduced to an absolute minimum. Salinity gradient 
systems constitute a promising alternative to fossil 
fuels and might turn out to be a versatile tool in 
transforming our energy supply and storage. 
 

Concept 
 
One alternative application of RED is a battery. In 
Electro Dialysis (ED) mode of operation, energy is 
spent to separate a brackish solution into a 
concentrated and diluted solution. In RED mode, 
the two solution mix and energy is recovered. 

 
A typical Reverse Electro Dialysis (RED) system 
consists of a set of alternating cation and anion 
exchange membranes in between two electrodes. 
Water of different salinity flows along the 
membranes. Because of a difference in chemical 
potential of the two solutions, an electrical potential 
develops over each membrane. Ions move from the 
more concentrated solution to the more dilute 
solution. As a result of different selectivity of the two 
membrane types, anions can only move towards one 
electrode, whereas cations can only move towards 
the opposite electrode. This process results in a 
current over the two electrodes and an external load 
can be connected to harvest energy. 
 

Technological challenge  
 
Properties of a good battery generally include high 
round trip efficiency (%), high power density and 
high energy density (kWh/m3). Current RED 
designs cope with several hydraulic and electrical 
resistances. These resistances lower the efficiency 
and power density of the salinity battery. 
Additionally, the type of salt, temperature of 
solution and concentration differences are 
important factors determining the energy density of 
the salinity gradient battery. The goal is to reduce 
losses, to have a high power density and to increase 
energy density of the system.
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Motivation 
 
The incentive for phosphorus (P) recovery is based 
on two arguments. Firstly, P is a finite resource and, 
secondly, the discharge of P-containing wastewater 
in densely populated areas causes severe 
environmental impact. Current technologies to 
recover P are not optimal, since the recovered P has 
debatable bioavailability and/or limited application. 
A novel approach to recover calcium phosphate 
(CaP) granules with low heavy metal content from 
black water (BW), using an Upflow Anaerobic 
Sludge Blanket (UASB) reactor, was published by 
Tervahauta et al. (2014). The similarity with 
phosphate rock enables the aforementioned CaP 
granules to be processed in the existing 
infrastructure from phosphate and fertilizer 
industry [1]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1: Concept scheme 

 
[1] Tervahauta, T., et al (2014) Calcium phosphate granulation in anaerobic 
treatment of black water: A new approach to phosphorus recovery. Water 
Research.  
[2] De Graaff, M. S., et al. (2010) Resource recovery from black water. 
Wageningen University. 
 

 

Technological challenge  
 
De Graaff et al. (2010) showed efficient energy 
recovery treating BW with UASB technology. 
However, 60% of the total 220 mg of P per liter of 
BW remains in the effluent [2]. The challenge is to 
enhance the recovery of CaP, with minimum 
addition of chemicals, while the conversion of 
organics from black water is not reduced. The 
increased pH, established by the external biofilm of 
the granules, is hypothesized to enhance the 
precipitation of calcium phosphate. Therefore, 
research will reveal whether CaP formation is 
biologically induced and how it can be controlled. 
 
 
 
 
 
 
 
 
 
Fig 2: SEM images of a harvested granule (left) and its cross-section (right) 

 
 

Challenges 
 To maximize the recovery of CaP 

 To minimize the addition of chemicals  

 To unravel the mechanisms for CaP 

formation 

 To determine the optimal environmental 

and process conditions in UASB reactors, 

that enable simultaneous CH4 production 

and CaP recovery
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Motivation     

Environment devastation, global warming issues, 
energy security, and rising energy cost are among 
present energy challanges which stimulate 
renewable energy development. New sources for 
sustainable bioenergy production must be found. 
The Plant Microbial Fuel Cell (PMFC) generates 
electricity without harvesting the biomass. The 
PMFC can be applied in wetlands and generated up 
to 0.24W/m2 for-over two weeks. Recent research 
has shown that PMFC can be integrated in wetlands, 
potentially at large scale, producing electricity and 
protect the environment from devastation.  

 

 
Principles of the Plant Microbial Fuel Cells 
PMFC is a system that produces bioenergy in situ in 
which plants and bacteria convert solar energy into 
electricity. This technology is clean, renewable, 
sustainable and efficient. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Technological challenge 

To be able to apply this technology into tropical 
wetland application, several technological 
challenges must be overcome:  
(i) PMFC make use of expensive electrode materials. 
Therefore cheaper (bio-based) electrode materials 
must be developed.  To utilise these materials, 
research on the diversity of electron transfer 
mechanisms is needed. 
(ii) It is important to find out what plant/wetland 
type is most attractive for PMFC installation. 
Tropical wetland consists of wide range of plant 
species and can have high productivity. Therefore, 
recently developed tubular PMFCS can be used in 
tropical wetlands and must be investigated on 
performance.  
 
When these challenges are tackled,  a beautiful 
resort in a remote wetland can be powered by a 
PMFC system.  
 
 
 
 
 
 
 
 
 

mailto:Emilius1.Sudirjo@wur.nl
mailto:Emiliuss@gmail.com
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Motivation 
 
Fresh water is becoming scarce. Our ever increasing 
population results in a higher demand of fresh water 
for drinking purposes, irrigation and use in 
industries. These demands are becoming greater 
than the Earth’s natural reserves can supply. The 
quality of water needed can however vary for 
different applications and complete deionization or 
purification of water is not always needed. The plant 
microbial desalination cell (Plant-MDC) could offer 
a partial desalination treatment of salt (waste) 
water.  
The technology can be applied in all (constructed) 
wetlands without harming the ecosystem or altering 
the aesthetics of the area. And since no external 
energy storage or input is necessary, the technology 
can be applied in remote areas without electrical 
infrastructure, keeping the costs low. 
 

Technological Principle 
The plant microbial desalination cell will combine 
the technology of the plant microbial fuel cell with 
that of water desalination. 

  

 
Micro-organisms in the anaerobic soil of (salt) 
marshes convert exudates from the roots of plants or 
dead plant material into CO2, protons and electrons. 
These electrons can be harvested by placing an 
anode in proximity of the micro-organisms which is 
connected through an external circuit to another 
electrode where a reduction reaction is taking place. 
By reducing oxygen and protons to water at the 
cathode, the electrons will flow over the circuit as a 
result of the potential difference.  
 

Research Challenge 
 
The research challenges are to: 
 provide a proof of principle for the plant 

desalination cell; 
 optimize the system for different water streams 

and plants;  
 apply the technology in an actual wetland, 

combining contaminant- and salt removal. 

 

 
 
 
 

Potential location for the Plant-MDC 
in constructed wetlands treating 
polluted salt water from oil drillings 
in the desert. 

Concept of a plant microbial 
desalination cell. 
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Motivation 

 

 
 

In a world with an increasing population and 
consequently high demand of resources, new 
approaches to close material and nutrient cycles are 
needed. In this perspective microalgae and 
cyanobacteria present new possibilities.  
 
Humane urine is a nutrient source containing 70% 
of the phosphorous and 40% of the nitrogen load in 
household wastewater. The microalgae Chlorella 
sorokiniana was successfully grown on urine and it 
was proposed to use the algae biomass as a fertilizer 
(Tuantet et al., 2014). However, Chlorella’s nutrient 
requirements does not match the urine’s high 
phosphorous to nitrogen ratio and due to its rigid 
cell wall it is difficult to extract energy or functional 
components from it. Also Cyanobacteria could be 
used for urine treatment, with the advantage that 
under certain stress conditions (e.g. phosphorous 
limitation) some species of cyanobacteria can 
accumulate a nitrogen rich polypeptide called 
cyanophycin. 
 
The aim of this project is to grow cyanobacteria on 
urine and in this manner combine urine treatment 
with recovery of cyanophycin as a valuable product, 
to be used in the bio-plastic and pharmaceutical 
industry. 

Technological challenge  

 
Cyanobacteria accumulate nitrogen when they face 
stress conditions (P and/or light limitations). This 
nitrogen is stored in cyanophycin granules (CG). 
 
Under certain conditions cyanobacteria vegetative 
cells develop a resting cell stage called akinete in 

which cellular structure, composition and 
morphology change (Figure 1).  

 
Figure 1. Akinetes development and CG. (Sukenik et al., 2015) 

 

 
In the transition from vegetative cell to akinete 
cyanophycin accumulation is increased as well as 
the cell volume and the cell wall is thickened 
(Sukenik et al., 2015). 
 
The technological challenge is to find conditions that 
trigger the production of cyanophycin in flat panel 
photobioreactors with several cultures of 
cyanobacteria, and to identify the optimal 
conditions to maximize cyanophycine cell content. 
This should be combined with efficient nutrient 
removal from urine.  
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Motivation 

 

 
 

Phosphate is an essential nutrient for life, 
unfortunately phosphate ore reserves in the world 
are diminishing. On the other hand, excess 
phosphate in wastewater can leads to water 
pollution, i.e., eutrophication.  Therefore, the 
removal and recovery of phosphate from wastewater 
would provide an excellent solution for both 
problems. The most common ways for removing 
phosphate are precipitation with iron/aluminum. 
They are effective but not sustainable, because 
phosphate in the iron and aluminum precipitates is 
hardly bio-available. Herein, an attempt to produce 
bio-available calcium phosphate by a novel 
electrochemical means is therefore suggested.  
 

 

Technological challenge  

 
Electrochemical precipitation, as a promising 
method for removal of phosphate from waste 
streams, has received increased interest, because of 
the availability and low (chemicals consumption) 
costs of the technology, the low temperatures used 
which would lead to crystalline products, and also, 
the ability to control the thickness, composition and 

microstructure of deposition. In general, several 
processes, including acid-base reactions, a decrease 
in solubility by an increase in pH and a decrease in 
solubility by an increase of free constituent ions 
(OH-) are involved in the precipitation of CaP via 
the electrochemical system. Therefore, it is possible 
to harvest phosphate with the electrochemical 
precipitation system. But there are still many 
concerns that need to be investigated before it can 
be applied to treat real wastewater. At present, our 
challenges are to identify the influence of water 
constitutions and more importantly, how to collect 
the formed CaP precipitation in this system.  
 

 
 
Accordingly, the main goal of this research will be to 
develop a WWTP integrated electro-precipitation 
system, for calcium phosphate removal and 
recovery. The detailed objectives are listed below: 
 
1) Recover the CaP product that would allow re-

use (harvesting) of the CaP.  
2) The solution chemistry and scaling tendencies in 

combination with CaP products will be 
investigated theoretically and experimentally.  

3) Integrate electrochemical phosphate recovery in 
the WWTP. 
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Motivation 

There is an increasing demand for sustainable 
solutions to quench our thirst for oil-derived carbon 
compounds. Anaerobic treatment provides the 
means to efficiently produce renewable chemicals 
from organic residues. The recent discovery of 
controllable isobutyrate production during mixed 
culture fermentation opens the possibility to develop 
new biorecovery technologies. 
Isobutyrate is a platform chemical that can be used 
for a wide range of products, including: flavors, 
fragrances, animal feed additives, emulsifiers and 
organic solvents.  Classical synthesis of isobutyrate 
uses fossil fuels and involves hazardous polluting 
chemicals. The new technology will help to close the 
carbon cycle and contribute to a healthier 
environment.  

Technological principle 

Anaerobic treatment is a widespread method to 
produce biochemicals. A mayor advantage of this 
methods is that the energy-content of organic 
residue streams is largely maintained in the product,  
allowing for high yields and low costs during 
production of biochemicals. The most important 
factor that defines the anaerobic process is the 
applied selective pressure.  
 

 
 

 

 
In this research an isobutyrate biorefinery is 
developed and evaluated on potential applications. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Research challenges 

 Pinpoint control mechanisms of selection 
pressure on microbiomes which lead to effective 
bioreactor operation 

 Clarify the bioformation pathway(s) of 
isobutyrate formation. 

 Identify the key microbes and use their 
characteristics to optimize the process.

Acidification and chain elongation pilot 
reactors  at ChainCraft B.V.  in Amsterdam 

 

Overview of potential conversion routes in 
iso-chain elongation system 

Up-flow anaerobic filters with continuous 
production of MCFAs 
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Motivation 

Removal of sulfur containing compounds from sour 
gas streams plays a crucial role in environmental 
protection by decreasing sulfur dioxide emissions 
into the atmosphere. Among all available 
desulfurization technologies, biological processes 
are the most sustainable technologies for hydrogen 
sulfide removal. Besides H2S, sour gas streams can 
contain volatile organic sulfur compounds, such as 
thiols. Both organic and inorganic sulfur compounds 
are toxic, characterized with the obnoxious smell 
and potential corrosive effects [1].  
A recent pilot study showed that with the addition of 
anaerobic bioreactor sulfur selectivity increased and 
the process did not abrupt with thiols addition. The 
added anaerobic bioreactor enabled selective 
pressure for sulfide oxidizing bacteria which are able 
to oxidize sulfide more efficiently. However, further 
insight into the underlining processes is required to 
fully understand work of newly proposed line-up.   
 

 
 

 
 
The biotechnological desulfurization process offers: 

 H2S removal and recovery as elemental 
sulfur  

 Operation at atmospheric pressure and 
ambient temperature 

 Environmentally friendly process 
 Produced elemental sulfur can be used as a 

soil fertilizer, fungicide and for sulfuric acid 
production 

 

Technological challenge 
To investigate the newly proposed 
biodesulfurization line-up and the reactions that are 
taking place, with the emphasys on the microbial 
communities composition shifts in the presence of 
thiols.  
With the addition of the anaerobic bioreactor we 
hypothesize to enhance bacterial growth and 
eliminate cell death, when high concentration of 
thiols 

 
 

 

Research graphical abstract with a newly proposed line-up for hydrogen sulfide removal in the presence of thiols 
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Motivation 

H2S is a toxic, odorous and corrosive gas, which contributes to air pollution, acid rain and smog. The 
biotechnological desulfurization technology is a sustainable alternative compared to commonly used physio-
chemical process to desulfurize gas streams. It uses natron-alkaline conditions to remove H2S from the gas stream 
and sulfide oxidizing bacteria (SOB) to convert the H2S to elemental sulfur (S0). This research focusses on 
increasing the sustainability of the process by supressing the formation of the unwanted by-products sulfate and 
thiosulfate as these require caustic addition and produce a bleed stream.  
 

Technological Principle  
 

First, H2S containing gas is counter-currently contacted with a mildly  alkaline bicarbonate solution (lean solution) 
in an absorber column where the H2S is dissolved into the solution and reacts with CO3

2- to sulfide (HS-):  
H2S (aq) + CO3

2-  HS- + HCO3
- 

 
Subsequently, SOB convert the sulfide to 
sulfur with the controlled addition of air in 
a bioreactor:  
HS- + ½ O2 + HCO3

-  S0 + H2O + CO3
2- 

 
The regenerated solution is recycled to the 
top of the absorber again. Sulfide can also 
be oxidized to either sulfate (biologically) 
or thiosulfate (chemically): 
HS- + 2O2  SO4

2- + H+  
HS- + O2  ½ S2O3

2- + ½ H2O 
 
 
 
 
In both reactions CO3

2-, which is used in the absorber, is not regenerated and as a 
consequence caustic (NaOH) addition to the bioreactor solution is needed. Moreover, 
(thio)sulfate needs to be removed from the system via a bleed (waste) stream. Both 
caustic consumption and bleed stream formation contribute to operating costs of the 
process and impair its sustainability. In order to optimize the biodesulfurization 
process and make it more sustainable, by-product formation should be minimized by 
maximizing the selectivity for sulfur formation. A new process line-up was proposed, 
using an anaerobic bioreactor in between the absorber and the aerobic bioreactor (see 
figure).   This should lead to a  higher process efficiency  because both sulfate and 
thiosulfate productions will be lower.  
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Motivation 

 
Heating is one of the main energy consuming 
processes in countries with moderate temperatures. 
Heat is mostly produced from fossil fuels such as 
natural gas and fuel oil. A sustainable alternative 
energy source is biomass, however, combustion of 
biomass results in harmful emissions to the 
environment, such as emission of SO2, CO, NOx, fine 
particles and Polycyclic Aromatic Hydrocarbons 
(PAHs). Moreover, the remaining ashes cannot be 
reused. Biological wood oxidation has been 
proposed as a new technology for heat production at 
temperatures around 40-55 °C.  
 
Wood oxidation, or aerobic wood oxidation, is a 
process in which wood is composted by 
microorganisms in the presence of oxygen. In this 
process, sustainable heat is produced. Compared to 
wood combustion, only CO2 and H2O are released to 
the atmosphere (see the following equation). 
Besides, the residue from this process is peat instead 
of ash. Peat soil is rich in organic matters and can be 
used as fertilizer. 

CH1.5O0.7 + 1.03O2 → CO2 + 0.734H20 + Heat 

 
 
 

Technological challenge 

 
The central challenge is to increase the rate of 
biological wood degradation. This rate is determined 
by, for example, types of microorganisms, types of 
wood, and size. Also other factors, , such as the 
nutrient supply (i.e. N, P, K), moisture content, 
temperature and aeration will influence heat 
production. 
 

       
                     Sterile                                                 Non sterile 

 
 
The main challenges are: 
 

(1) To optimize the temperature, moisture 
content, aeration strategy, and nutrient 
supply 

(2) To study the interactions between different 
microorganisms, especially fungi and 
bacteria 

(3) To study the heat production for different 
types of woods, different wood sizes 

(4) To study the suitability of the wood residues 
as soil improvement 

(5) To operate a scale-up reactor for heat 
recovery from wood  
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Motivation 

Sustainable and cost effective biochemical/biofuel 
production is a key factor for the reduction of 
anthropogenic climate change as well as for the 
future development of a bio-based economy. The 
carboxylate platform is a novel biotechnological 
approach which provides the ability to convert 
complex organic wastes into valuable and energy-
dense chemicals such as medium chain fatty acids 
(MCFA). Caproic acid (C6) is the common product 
in chain elongation reactors. However, production 
of the longer MCFA capric acid (C8), which in theory 
can be achieved under more selective conditions, 
will broaden the product spectrum of the 
carboxylate platform and the potential impact on 
replacing fossil based chemicals with biobased 
chemicals. 

Technological principle 

During the first steps of anaerobic digestion, organic 
matter is biologically transformed into volatile fatty 
acids (VFA), alcohols, hydrogen and carbon dioxide. 
By a process called biological chain elongation, these 
VFA can be further transformed into MCFA which 
after a separation step can be electrochemically 
upgraded to produce fuels and chemicals.  
 
 

 

Research challenges 

 Determine steering conditions and the effect of 
reducing agents in long MCFA formation. 

 Evaluate a two-stage system for chain 
elongation. 

 Identify key microorganisms in long MCFA 
production. 

 

 

Fig. 1 Two-stage chain elongation set-up 

 

Fig. 2 Envisioned biorefinery 
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Motivation 

Biogas, natural gas and other fuel gasses may 
contain corrosive components such as H2S which 
has detrimental effects on the environment when 
combusted. Consequently, it is required to remove 
H2S from gas before it can be used. Hence, a 
biotechnological desulfurization process was 
developed at Wageningen University, which uses 
natron-alkaline sulfide oxidizing bacteria (Fig. 1). 
This process is an alternative to chemo-physical 
processes which are commonly applied in industry. 
Advantages of the biological process are (i) no 
consumption of chelating chemicals, (ii) operation 
at atmospheric pressure and ambient temperature, 
(iii) high removal efficiency with a sulfide-free waste 
stream and (iv) beneficial use of the biologically 
produced sulfur. 

Figure 1 Thiobacillus excreting sulfur [Janssen, A. et al. (1996)] 
 

Technological challenge 

In the desulfurization process, H2S is absorbed into 
a mild alkaline liquid and dissociated (Eq.1). 
Subsequently, the dissolved HS- is oxidized to 
elemental sulfur in a bioreactor (Eq.2). 

 

H2S (l) + CO3
2-
⇄ HS

-
 + HCO3

-
    (1) 

HS
-
 +½O2 → ⅛S8

0
 +OH

-     (2) 
 
In addition to elemental sulfur, other sulfur 
compounds are formed as by-product, like sulfuric 
acid (Eq.3). 
 
HS- + 2O2  SO42- + H+    (3) 
 
While formation of elemental sulfur is proton-
neutral, the formation of other S-products requires 
compensation of produced protons by addition of 
NaOH.  
Although the optimization of sulfur formation has 
been studied extensively, specific properties of the 
formed sulfur, like filterability and settleability, 
remain subject of interest. Knowledge on how to 
control particle properties will lead to  higher 
recovery of the biosulfur.  

 
Figure 2 Novel reactor line-up  

 
The optimization of sulfur formation and recovery is 
aimed for by operating a novel reactor line-up 
including an anoxic reactor B (Fig 2), which is 
compared to the classic Thiopaq line-up in terms of 
(1) sulfur particle properties, (2) microbial 
composition and (3) long term stability. Also the 
relation between these parameters is assessed. 
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Motivation 

 
 

Fossil fuels supply most of the world’s energy and 
raw material sources for chemicals production. 
However, fossil sources are non-renewable and 
depleting. Moreover, water scarcity and CO2 
accumulation in the atmosphere represent global 
concerns. These issues have resulted in the need for 
chemicals produced from renewable sources, with 
low water consumption. Recycling and converting 
CO2 into chemicals in an environmentally sound 
way is an attractive prospect. One clean technology 
is microbial electrosynthesis (MES). 

Principle of MES 

MES is an emerging technology in which naturally 
occurring microorganisms are used as cheap 
catalysts. These microorganisms convert 
(renewable) electrical energy delivered from an 
electrode (cathode), and CO2, into chemicals like 
acetate, butyrate and caproate.  

 
 
This technology may become a new chemical 
production technology within a biobased economy, 
using minimal amount of water. 
 

 

Research objectives & challenges 

Our work on novel electrode modification led to a 
breakthrough in production rates. Efficient 
microbial community, which formed adherent 
biofilms on these electrodes, were enriched.  

 

However, various exciting challenges remains, 
towards the practical implementation of MES 
technology: 

- Development of cheap(er) electrode material 

- Increasing production rates further 

- Production of higher value chemicals at high 
selectivity  

- In-line products separation 

- Mechanisms understanding at microbial level 

- Investigating fundamental mechanisms of 
electron transfer (electrode-biofilm interface and 
within the biofilm) 

- Feasibility study – Technological & commercial 
potential of MES 

- And more!  
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Urban Systems Engineering and Biorecovery 

Environmental Issues 

 
The intensity and scale of urbanization worldwide 
pose major challenges to cities’ authorities in 
providing basic urban services such as water and 
energy supply, sanitation, and management of 
solid waste.  A growing demand mainly occurring 
in urban areas for renewable energy, clean water, 
materials and minerals results in an increasing 
worldwide recognition that new approaches and 
paradigm shifts - away from the current linear 
thinking to manage our resources - are needed. 
Here, depletion of resources such as fossil fuels 
and phosphorus demands a rethinking of our 
urban areas. A further motivation is that we are 
still unable to provide basic services to everyone. 
As an example, 780 million people do not have 
access to safe drinking water at this moment, and 
2.5 billion people lack adequate sanitation 
services1.  
 

Our Research 
 
The vision of our research is to reduce environ-
mental impact and mitigate resource depletion by 
closing resource cycles and achieving a circular 
(urban) metabolism. Our research focuses on 
development of concepts and integration of 
technologies for sustainable urban water, materials 
and energy cycles. We develop and evaluate new 
concepts for collection, transport, treatment, 
supply and use of energy, water and materials, 
which we consider as valuable resources and which 
qualities have to be preserved. Furthermore, we 
select appropriate technologies for these concepts 
in accordance with the local circumstances, needs 
and habits. Our research includes (peri-) urban 

                                                             
1 UNICEF & World Health Organisation (2012). 
Progress on Drinking water and Sanitation; 2012 
update. UNICEF & World Health Organisation,  
Pg 1-59 

areas and industrial sites, for which we aim at an 
optimal, sustainable and highly effective balance 
between supply and demand of water, energy and 
resources. Here, we include the effect of different 
urban typologies and urban agriculture on the 
resource cycles. We a) apply and further extend 
own concepts and approaches such as Urban 
Harvest,  and b) provide frameworks and tools to 
evaluate and quantify technological concepts such 
as New Sanitation which is based on separation of 
wastewater and material streams at source, so as to 
facilitate recovery and reuse of water and other 
resources such as energy, nutrients and compost.   
 

Our Approach 
 
Cities and their challenges are addressed in 
accordance with the principle of cyclic, rather than 
linear, thinking and analysis. The focus is on Bio 
recovery integration in Reuse of Solid Waste, in 
creating feedbacks of urban nutrients and organics 
to agriculture (Fertilizers & Organic Reuse in 
Agriculture) and integration of sustainable energy 
technologies in Cities (Renewable Energy). 
Furthermore, concepts are developed in 
cooperation with stakeholders on a practically 
relevant scale. In our research, the non-
technological, socio-economic contexts, in which 
we want to integrate our concepts, receive due 
attention. Due to the broader transdisciplinary 
approach of our research, cooperation with other 
WUR departments takes place in various research 
projects. 
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Motivation 
 
In a sustainable future, all our energy and chemicals 
are produced from renewables. Hereby  supply and 
demand must be matched with the right storage 
facilities. Waste biomass (e.g. wastewater, 
household green waste, crop residues) is an 
attractive renewable source for biobased products, 
both in the form of energy and chemicals. Also CO2 
waste streams are considered as potential feedstock 
for bioproducts. Due to the intermittent nature of 
solar and wind power, sustainable storage solutions 
in the form of batteries are required.  
 
Novel technologies are being developed (e.g. at our 
own lab at Environmental Technology)  to produce 
biobased products and produce or store electricity. 
These technologies have the potential to be applied 
in various ways. To reveal the state of the  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

technology, one should compare the requirements of 
the actual application (i.e. design criteria) with the 
state-of-art.  This way, the most promising 
implementations can be identified, as well as 
alternative technological solutions.   
 

Challenge 
 
Our aim is to assess the potential and performance 
of new conversion technologies for the production of 
electricity and biobased products from waste 
biomass. In addition, the potential for renewable 
electricity storage systems, using water-based 
batteries (e.g. conversion of electricity into a salt 
gradient) will be assessed and compared to 
conventional batteries.  
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Motivation 
 
The earth’s resources are limited. Waste is becoming 
the new ore. Inorganic solid waste is usually divided 
in various categories, metal-, construction-,nuclear-, 
plastic-, and E-waste. In order not to waste the 
waste, knowledge of its composition, its present 
(managed) fate, and new knowledge about options 
to create alternative infrastructures for maximum 
(re-)use of the waste are desired. Data collection on 
quantities, character and management (in context) 
of the waste stream is therefore gathered to design 
innovative treatment plans that will close the 
resource cycles most efficiently. In order to estimate 
the quantity of a waste stream with a focus on a 
certain chemical element, fluxes from various 
reservoirs need to be known. These fluxes and 
reservoir sizes are not static ,but can change as the 
actors related to the reservoir change behavior. A 
well-known sink (a dead end flux) are the old cell-
phones that disappear in drawers. The latter 
therefore represents an enormous reservoir for, for 
instance, precious metals. When consumers (actors) 
are diligent at handing in these used-materials, then 
the reservoir will decrease in size, the cycling of 
precious elements is increased and mining for those 
elements, with all its environmental repercussions, 
can be “mine-mized”. A waste stream of concern 
with respect to possible environmental impact are 
the precious metal nanoparticles (size < 100nm), 
such as silver. Silver nanoparticles have a wide range 
of applications, amongst others; in the medical field, 
in anti-bacterial and anti-fungal treatments of 
products (like silver nano-particle containing 
kitchen cloths or as anti-biotic in animal food), in 
sensing and imaging applications and lasers. At the 
same time, when released into the environment they 
can cause great harm by creating toxic conditions. 
 

Research aims and challenges 
 
Silver nanoparticles are valuable, so being able to 
recover them is also important from an economic 
point of view. Since there is a rise in the use of 
nanoparticles, the number of potential reservoirs is 
increasing as well. The infrastructure for 
nanoparticle in silver recycling is not yet in place, 
and losses occur easily when used in household 
settings. Therefore the aim is: 
 

- Investigate the types of silver nanoparticles, 
their properties and matrix of occurrence. 

- Define silver nanoparticle reservoirs, their 
fluxes, and losses to create a model for the 
existing pathway of nanoparticles. 

- Analyze the impact on the existing silver 
resource cycle. 

- Analyze the use of other resources required 
(energy, water, space) to close the resource 
cycle. 
 

 

             Figure: Open Resource Cycle 
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Motivation 
The world population is growing and this poses an 
increasing challenge on food security. Besides the 
depletion of organic carbon in soil there is also an 
increasing demand for nutrients (NPK) for growing 
more crops. A pressing problem of our current food 
system is that it depends on finite resources, like 
phosphorus rock while at the same time nutrients 
are lost for agriculture via diffuse emissions. To 
conserve nutrients for future generations, they must 
be recycled.  There is already a variety of initiatives 
in place for the recovery and reuse of nutrients from 
biomass and waste streams. Nutrients (N, P, K) are 
recovered in a variety of forms which may be more 
or less applicable for fertilization purposes.  
 
 
 

 
 

 
 

Research challenge 
The variety of waste streams used as input, recovery 
technologies and nutrient products (CNPK, others) 
make a comparative assessment for the optimal 
recycle strategy complex. Nutrient content, purities, 
additives may vary and as a result some strategies 
thought feasible from one criterion may not be 
suitable for other criteria. To enable structural 
analysis of nutrient recycling strategies we will 
develop  a nutrient cycling pyramid for each nutrient 
source. The result will be a database containing a 
variety of nutrient “products” with their specific 
characteristics: e.g. origin, composition, purity and 
concentration of the produced nutrient scheme as 
well as amount of energy and additional costs 
related to  production. In addition, the residual 
stream remaining after production of the nutrient 
will be taken into account as this is often overlooked. 
The attribution of  weighing factor will enable us to 
assess the (ecological / economical / environmental 
/ applicability / other?) value of each product and 
the application range. This can be used as a basis for 
closing of the nutrient cycles on different scales. 
This project will align with the EU H2020 project 
Run4Life which aims to recover nutrients from 
different domestics sources on a pilot scale at four 
different locations and utilise those nutrients as 
fertilizers. 
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Motivation 
 
The world population is growing and this poses an 
increasing challenge with respect to food production 
and the environment. Depletion of organic matter 
(OM) in (agricultural) soils is an (internationally) 
occurring problem and there is also an increasing 
demand for nutrients to match the demand in 
agriculture. Compost is a commonly applied source 
of OM (and to a lesser extent nutrients) to replenish 
the existing shortage. Digestate of anaerobic 
treatment, sewage sludge, black water and other 
organic waste streams could also serve as potential 
sources to replenish the organic matter in soil. These 
sources as such are often not suitable for application 
or not allowed because of e.g. insufficient stability of 
the organic matter, and/or presence of e.g. heavy 
metals or pathogens. There is a variety of initiatives 
in place for the recovery and reuse of nutrients from 
biomass and waste streams. Nutrients (N, P, K) are 
recovered in a variety of forms which may be more 
or less applicable for fertilization purposes. Also, 
organic carbon is often one of the products in these 
processes but the produced C may not always be 
 

applicable for further use on soils. Amongst others 
the amount of effective organic matter (EOM, i.e. 
the amount of OM remaining after 1 year after 
application) will be of importance. 
 

Research challenge 
 
The variety of waste streams used as input, 
technologies applied and nutrients (C, N,P,K, 
others) produced make a difficult comparative 
assessment for the applicability of the products and 
their effect on the microbial population in soils and 
the different ecosystem services that soil could 
provide. Therefore, we plan to construct a database 
that couples the origin of OM via the technology 
applied to the characteristics of the OM product 
(EOM content, physicochemical quality, effect on 
microbial population, micronutrients, …) on which 
management strategies for recycling of organic 
matter at different scales can be based.
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Motivation 
 
Nutrient cycles need to be closed in view of the 
circular economy, food security for all humans, and 
with the prospect of humans going to Mars. For this, 
management strategies are to be developed.  
 
Several chemical elements are essential for plant 
growth. Among these are macronutrients like 
carbon, nitrogen, phosphorous, potassium, calcium 
and magnesium and micronutrients like zinc, 
copper, selenium, boron, molybdenum, cobalt and 
manganese. For some of the macronutrients, 
recovery technologies and management strategies 
have been developed, which could be implemented 
and in some cases are already applied. Methods for 
micronutrients, that are expected to become scarce 
on human timescales, often still need to be 
developed. However, currently there is a lack of 
knowledge on the flows and speciation of these 

elements from plants via food/feed and organic 
residues back to agriculture and losses to (other) 
environmental compartments. Identification of the 
sources, sinks and flows will set the stage for 
development of technologies directed towards the 
recovery of these specific micronutrients. 
 

Research challenge 
 
The research aims to assess the flows and speciation 
of micronutrients in the food chain, especially in 
waste fractions and organic residues like manure, 
sludge residues, wastewater, (the organic fraction 
of) municipal of solid waste. The fate and speciation 
of the micronutrients after treatment (composting, 
digestion and others) of these organic residues and 
their application in agriculture will be addressed as 
well as their fate in surface water and other 
environmental compartments.  
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Motivation 

 

More than half of the world’s population currently 
resides in cities, contributing to a host of 
environmental problems. High quality inputs, such 
as food and drinking water, enter the city, and low 
quality outputs, such as diluted wastewater, exit the 
city without consideration for reuse and recycling 
(Figure 1). 
 
A paradigm shift is needed to a circular metabolism, 
in which waste from one process equals food for 
another (Figure 2). Coupling Urban Agriculture 
(UA) and New Sanitation (NS), presents an 
opportunity for resource exchange for mutual 
benefit. 

 
 

Figure 1: Linear metabolism, nutrient and water flows  

 
Figure 2: Circular metabolism, nutrient and water flows through 
integrated urban agriculture and new sanitation 

 

 

Technological/Methodological challenge  

 
The compatibility of water and nutrient flows 
between UA and NS is unknown, in terms of 
quantity and quality (parameters for human and 
environmental hygiene). In addition, no 
methodological tool currently exists to match their 
input-output flows and establish a “common 
language” between the two systems, exploring 
options, constraints and trade-offs 
 

Objective 

To understand of the compatibility of UA and NS, 
and their nutrient and water flows, to increase urban 
resource management 

 Quantify and qualify input-output flows and 
identify relevant temporal and spatial 
patterns 

 Develop suitable criteria for compatibility 
and matchmaking  

 Develop and test a simulation model that 
matches input-output flows under context-
specific conditions 

 Develop ranking methodology for integrated 
UA/NS concepts 

 Validate the developed framework for 
various urban settings 

 
 
 
 

This research aims to provide clear 
recommendations on where and to what extent 
urban agriculture and new sanitation can create 
fruitful synergies and local solutions
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Reusable Water 

 

Water treatment technologies have the objective to 
safely discharge municipal and industrial 
wastewaters to surface waters, and to reduce the 
risks associated with polluted groundwaters. 
Directly related challenges are fresh water scarcity, 
a lack of nutrients (e.g. the phosphorus crisis), 
climate change, degradation and erosion of soils 
and the necessity for a more bio-based economy to 
reduce our dependency on fossil fuels.  
This also explains why  wastewaters more and more 
are considered as a valuable resource for reusable 
water, energy, chemicals, nutrients and complex 
organic matter. To make this possible, domestic 
and industrial water loops will be further closed, 
become interconnected, and new treatment 
technologies and concepts (together with the USE 
group) need to be developed that combine 
treatment and recovery of these resources. 

 
Micro-pollutants and pathogens 
 
In closed water loops health related risks by the 
accumulation of recalcitrant, toxic organic 
micropollutants (e.g. medicines, hormones, 
antibiotics, pesticides, POPs, consumer product 
chemicals, and industrial chemicals such as anti-
corrosives and anti-scalants) and of pathogens and 
Antibiotic Resistance Genes should be avoided. 
Physical-chemical and biological technologies are 
studied to remove micro-pollutants and pathogens 
and antibiotic resistance genes from wastewater 
and groundwater to make water fit for applications 
such as irrigation water, industrial process water, 
(secondary) household water and as a source for 
drinking water production.  

Historically polluted sites 
 
Historical groundwater, soil and sediment pollution 
is in Western Europe still present as  larger and 
complex urban and industrial pollution situations. 
For these we co-develop with municipalities and 
industrial site owners, nature based solutions 
where natural attenuation processes 
(bioconversion, sorption) are combined with other 
applications such as green infrastructure 
groundwater cleaning, Aquifer Thermal Energy 
Storage, and sediment recovery, cleaning and reuse. 
  

Salts, Polymers and Colloids 
 
Saline water provides an immense source for fresh 
process water and drinking water. Innovative 
electrochemical techniques including capacitive de-
ionisation, electro-dialysis and combinations of 
these are studied to reduce costs and energy 
demand for fresh water production and for selective 
removal and recovery of salts and ionic species 
from wastewater and natural waters. Polymers and  
mineral colloidal particles hamper desalination or 
electrochemical technologies, especially in 
industrial (salt)water applications, such as oil/gas 
and thermal energy produced water, process water 
in the food and beverage industry, or drinking 
water productions from DOC rich groundwater. 
Polymer removal is therefore studied in our 
program. The recovery of waste water organics as 
methane or bio-flocculants, via (an)aerobic  sludge  
or biofilm based reactor technologie,  are studied  
together with the Biorecovery team 
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Motivation 
 

 
 

Oil spills occur due to exploitation, transportation 
and storage of oil. These spills might have serious 
impact on the marine environment, both on marine 
ecosystems and economic resources such as 
fisheries, aquaculture, and tourism. To minimize 
damages adequate response to an oil spill is of great 
importance. Every oil spill is unique as parameters 
such as oil spill volume, type of oil, and marine 
environmental parameters vary in different 
locations. To optimize the effect of the response, we 
need to understand the processes after an oil spill 
and try to understand how  these processes can be 
influenced to reduce and minimize the harmful 
effect of an oil spill. This project is part of the C-
IMAGE (http://cimage.rc.usf.edu/) and the IPOP 
program TripleP@sea dealing with the 
consequences of the Deepwater Horizon oil spill in 
2010.  
 

Technological challenge 

 
The aim of this research is to investigate how oil 
biodegradation is affected by dispersant (addition) 
and the presence of suspended solids. Mass transfer 
of contaminants (oil) and other essential 
compounds for biodegradation such as electron 
acceptors and nutrients  will be studied. Especially 
the consequences of dispersant addition, the 
presence of suspended solids, and the sedimentation 
process on the formation of heavy residue layer 
(HRL) will be of interest. Environmental conditions 
(pH, Eh, electron donor/acceptor, salinity, etc.) will 
be varied to mimic the oil degradation and 
sedimentation on different locations. The results of 
this project will be used to improve the decision 
support system to select the most effective response 

option. An overview of the processes is presented in 
the figure below. 
 
 
 
 

Dispensing dispersant 
above and under water 

Heavy residual layer 

Sedimentation 

http://cimage.rc.usf.edu/
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Motivation 
 
The main source of energy in most developing nations 
is traditional biomass, which is in form of firewood, 
cattle manure and straw etc. The use of firewood as 
cooking fuel has several negative effects, both 
environmental and social. One way to solve this  
problem is the use of biogas. More than forty million 
household low-cost anaerobic digesters have been 
built across Asia and the total world technical 
potential has been put at 155 million.  Household 
anaerobic digesters could contribute largely to the 
mitigation of greenhouse gases and  provide a 
sustainable energy source for cooking and electricity 
production especially in rural  areas in developing 
countries. Moreover resources like, N, P, and K are 
preserved for reuse in agriculture. The potential of 
domestic household digesters is however still far from 
being achieved.  

Almost all domestic biogas plants (DBPs) are 
“unstirred”  i.e, not provided with mechanical 
mixing device. The Chinese dome digester, the most 
popular is mixed by gas pressure build up when the 
biogas is not used resulting to liquid displacement in 
the effluent chamber. During gas use the pressure 
drops and liquid content in the effluent chamber flows 
back in to the reactor. Mixing  is however an 
important parameter in the anaerobic digestion 
process.   Because of  the poor mixing in domestic 
anaerobic digesters, excessive substrate dilution is 
usually done leading to long hydraulic retention time 
(HRT)  and ultimately big  reactor size and high cost.  

 
Till date, little is known on the extent of mixing in the 
Chinese dome digester in relation to input 
concentration, HRT and gas use and how it affects 
digestion efficiency. There is need to study mixing for 
optimization and subsequent reduction of HRT.   

 

Technological challenge 

 
The technological challenge is to decrease the reactor 
size by increasing the mixing conditions at an 
increased input condition and reduced HRT.  
 
 
 

Hydraulic Retention 
Time: 35-70 days

 
 Figure 1. Pressure build up before gas use  
 
 

Hydraulic Retention 
Time: 35-70 days

 
Figure 2. Pressure decrease after gas use 
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Motivation 

 
The increasing presence of organic micropollutants 

in different segments of the water cycle threatens 

future water resources. These micropollutants are 

currently being detected at low concentrations in 

groundwater and surface water used for drinking 

water intake. While current monitoring (chemical 

analyses) gives an indication of the presence of these 

micropollutants, little is known about the natural 

attenuation of micropollutants under in situ 

conditions.  This information is required to assess 

and mitigate the risks of contamination of drinking 

water resources. The aim of this research is to 

develop tools to assess microbial biodegradation 

capacity and activity.  

 

Technological challenge  

 
This research project aims to improve the 

understanding of biodegradation of micropollutants 

by developing tools to determine biodegradation 

capacity of a number of key compounds. 

Micropollutants have very diverse chemical 

structures and are present at low concentrations. 

These factors make it is very difficult to determine 

degradation pathways and develop tools to assess 

natural attenuation. Also,  there is a lack of 

information on biodegradation rates under 

environmental conditions. This information is 

required to improve models used to assess and 

predict the long term risks of contamination of 

drinking water intakes. 

Method 
 
The project will focus on a number of 

micropollutants that specifically threaten 

Dutch drinking water quality. Collaboration 

with drinking water companies will lead to a 

list of priority compounds for further 

research.  For these compounds, biomolecular 

tools based on DNA analysis will be setup to 

assess the natural attenuation capacity in field 

samples. Additionally, ex situ degradation 

experiments using field samples as inoculum 

will be used to estimate degradation rates. 

Results will be integrated to form guidelines 

for the prediction of natural attenuation using 

molecular tools.

Sources, transport, and fate of micropollutants in the environment (EPA). 
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Motivation 

One out of seven people does not have access to 
clean drinking water. Since the world population is 
still increasing, it is a major challenge to meet the 
drinking water demand of today and tomorrow.  

Because there are large resources with brackish 
water, that is, water with a moderate salt 
concentration, it is attractive to use these for 
drinking water production. Therefore, energy 
efficient and cost effective desalination technologies 
are of utmost importance.  

Membrane Capacitive Deionization is a robust, 
energy-efficient and cost-effective technology for 
the desalination of brackish water. 

Process 

 

During the adsorption 
phase, a potential 
difference is applied over 
two porous carbon 
electrodes. The cations 
move to the negatively 
polarized electrode, while 
the anions move to the 
positively polarized 
electrode.  
 

 

After the electrodes are 
saturated, the electrodes 
are regenerated and 
therefore short-circuited. 
Consequently, the ions are 
released to the spacer 
channel, resulting in a 
concentrated salt effluent 
stream (brine).  

Technological challenge 

Reducing resistances 
To make Membrane Capacitive Deionization more 
cost-effective, it is important to reduce the energy 
costs. Therefore, we should determine which parts 
of the cell contribute to the electrical and ionic 
resistance of the process, so we can improve the cell 
design to lower the energy losses. 

 

 
 

Understanding electrochemical reactions 
Adsorption and desorption of ions are not the only 
processes happening during a desalination cycle. 
Electrochemical reactions occur as well, resulting in 
pH fluctuations of the effluent or other undesired 
effects. Our challenge is to understand these 
reactions. 
 
Removing specific ions 
Another goal is to develop 
Membrane Capacitive 
Deionization to specifically 
adsorb certain ions (e.g. Ca2+) 
from the water, while keeping 
other ions (e.g. Na+) in 
solution. 
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Motivation  
 

Concerns about pharmaceuticals in aquifers are 
growing due to their negative impacts on water 
quality and ecosystems, calling for measures to 
reduce emissions. However, conventional 
wastewater treatment processes cannot remove 
many of the pharmaceuticals, which leads to 
emissions in surface waters. Dissimilatory Fe(III) 
or Mn(IV) reduction have been used to remove 
recalcitrant organic contaminants (e.g. benzene, 
toluene, ethylbenzene, xylenes, etc.) in aquifers. 
Therefore, we propose that pharmaceuticals can be 
removed by dissimilatory Fe(III) or Mn(IV) 
reduction.  
The aim of this research is to study whether 
dissimilatory Fe(III) or Mn(IV) reduction can be 
used to remove pharmaceuticals in wastewater 
effluents and to make a first step towards 
integrating this process into water treatment 
technologies. 
  

 
Pharmaceutical degradation coupled to  dissimilatory Fe(III) or  
Mn(IV) reduction 

Technological challenge  

Pharmaceutically active compounds 
(pharmaceuticals) are frequently detected in the 
aquatic environment due to the improved analytical 
methods and enlarged emissions through 
wastewater effluents. However, the conventional 

activated sludge treatment processes cannot 
remove many of the pharmaceuticals present at 
trace levels in wastewater effluents. Therefore, trace 
concentrations (usually ng/L to µg/L) of 
pharmaceuticals will enter natural surface waters 
that have an ecological function and are used for 
drinking water production. 

Previous studies suggest that dissimilatory Fe(III) 
or Mn(IV) reduction might be able to remove 
aromatic compounds and some micropollutants 
(incl. pharmaceuticals). 

The objective of this research is to: 

 Test whether pharmaceuticals can be removed 
by dissimilatory Fe(III) or Mn(IV) reduction; 

 Enhance and improve the removal efficiency 
by optimize the process; 

 Translate the removal process from lab to the 
field scale; 

 Develop an Fe(III) or Mn(IV) cycling system 
to regenerate and reuse iron and manganese  
coupled to the pharmaceutical  removal 
process.  

 
Proposed treatment process of pharmaceutical removal from 
wastewater 

http://en.wikipedia.org/wiki/Benzene
http://en.wikipedia.org/wiki/Toluene
http://en.wikipedia.org/wiki/Ethylbenzene
http://en.wikipedia.org/wiki/Xylenes
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Motivation 

 

 
 

Pharmaceutical compounds are being used in 
increasing quantities worldwide. After consumption 
human pharmaceuticals end up in wastewaters and 
are transported to wastewater treatment plants 
(WWTPs). Wide ranges of pharmaceutical 
compounds are measured over the last decades in 
WWTPs, surface waters and even in Dutch drinking 
water sources. Due to the concerns and potential 
risks of pharmaceuticals in the environment their 
presence in surface waters is considered as 
undesired. WWTPs should 
be improved to prevent 
pharmaceuticals ending up 
in the environment.  
 

Technological challenge  

 
Physical/chemical treatment techniques are 
capable of removing pharmaceuticals from 
wastewater. However, these techniques have major 
drawbacks like the formation of (toxic) by-
products, high investment costs, and high 
consumption of energy and chemicals.  
Though WWTPs are currently not designed to 
remove pharmaceuticals, various studies report  
biological removal of pharmaceuticals in WWTPs. 
However, this removal of pharmaceuticals in the 
WWTPs shows high variation depending on the 
type of pharmaceutical and WWTP design. 
Suggested is that there is a lack of specific 
microorganisms in the WWTP to initiate the 
degradation process. Furthermore, some 
pharmaceuticals seem recalcitrant to biological 
degradation. Another suggestion is that WWTP 
parameters like retention time or redox conditions 
are unfavourable for pharmaceutical degrading 
microorganisms. 

The aim of this research is to biodegrade 
pharmaceuticals through pathways by which 
similar chemical compounds can be biodegraded. 
We hypothesize that microorganisms which can 
degrade structural analogues of the 
pharmaceuticals are also able to break down the 
pharmaceuticals itself. We will use selected 
structural analogues to enrich pure and mixed 
microbial cultures to biodegrade these specific 
chemical structures and consequently remove the 
associated pharmaceuticals as well. 

 
 
 
 
 
 
 
 
 
 
 
 

 
Research interest in this study are: 
 
1)  Understanding how selected pharmaceuticals 
are biologically degraded by using structural 
analogues to initiate the degradation. 
 
2)  Which parameters and conditions affect the 
removal rates and efficiencies. 
 
3) How to transfer the pharmaceutical degrading 
potential into a practical application. 
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Motivation 
 
The presence of micropollutants, such as 
pharmaceuticals and pesticides, in water threaten 
the safety of water supply. Conventional waste 
water treatment processes have a low efficacy on 
micro-pollutants removal. So there is a need for 
effective removal processes to treat micropollutants 
containing wastewater. The fluidized LED bed 
reactor is a new technology, with dispersed LEDs 
moving freely and wirelessly powered in the photo-
reactor, that might be a cost effective process to 
degrade micro-pollutants. 

Technological challenge  

 
Regarding real-life application of the existing 
fluidized LED bed reactor, there are some main 
challenges: 

 Energy consumption  
- UV-LED energetic efficiency is relatively low 
- Overdose of UV when light emissions of 
LEDs overlap =energy loss  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 Use of TiO2 suspension as photo-catalyst  
- Costly solid/liquid separation process is 
required 
- Instability of suspended catalyst particles 

 Reduced efficiency in real wastewater effluent 
- Dissolved organic matters (DOM) in real 
wastewater scavenge radicals and absorb UV 
light  

 
In view of the challenges, this project aims at 
further improving the fluidized LED bed reactor. 
The project consists of three main topics: 
 

 Alternative photo-chemical route based on 
methylene blue (MB) photo sensitization  

 Use of TiO2 nanotube arrays as immobilized 
catalyst 

 Application in real waste water 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 This study is carried out at Wetsus 
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Motivation 

 

 
 

Organic micropollutants are currently in the focus of 
those engaged in water research and management. 
 
Small river systems in densely populated areas are 
particularly at risk. High wastewater loads and 
highly variable input patterns can exert considerable 
pressure on aquatic ecosystems.  
 
Additional treatment methods at input pathways are 
required to reduce micropollutant loads in 
watercourses. Given the aim of finding the right 
measures to reduce micropollutants in watercourses 
the establishment of an emission and immission 
balancing is a precondition.  
 
Retention soil filters (RSF) as a treatment technique 
is both low-cost and low in energy demand. 
Reduction capacities for individual organic 
micropollutants and especially the underlying 
physicochemical processes within the aerated soil 
filters have barely been studied up to now. 

Technological challenge  

 
A special monitoring strategy is implemented at a 
small catchment area with a size of 289 km². Within 
this catchment area both point and non-point 
pollution sources are monitored. Focus of the 
investigations are hydrophilic and hydrophobic 
micropollutants. Monitoring is performed with 
different monitoring intervals (event specific, 
episode specific, frequently) and with different 
monitoring techniques (grab sampling, passive 
sampling, and automatic sampling). Fluctuation 
ranges in micropollutant emissions are to be 
determined. Furthermore, an emission balancing 
will be generated.  

 
To reduce micropollutant emissions from 
wastewater treatment plants, an additional 
treatment step is tested. A pilot-scale retention soil 
filter is set up at a wastewater treatment plant in the 
research catchment. Three reactors filled with 
different filtration material are fed with effluent 
from the treatment plant. Elimination rates and 
processes within the filter are investigated. 
 
The fate of the micropollutants in the watercourse is 
to be simulated with the DWA water quality model. 
Future scenarios including the possible 
implementation of large scale RSF at wastewater 
treatment plant outlets will be simulated as well.  
 
The challenge is to establish a detailed assessment 
on micropollutants with the example of a small 
catchment area with high anthropogenic influence. 
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Motivation 
 
Antibiotics have been used excessively for humans 
and livestock worldwide since the first clinical use of 
penicillin. This leads to an emergence of antibiotic 
resistance bacteria (ARB) and antibiotic resistance 
genes (ARG)  in the environment. Antibiotic 
resistance develops faster than new antibiotics are 
being developed, as  
developping new antibiotics is becoming increasingly 
challenging and costly.  
The increasing threat of ARB&G from year to year 
requires further screening, monitoring and improved 
treatment technologies to remove ARB&G.  
 
 

Technological challenge  
 
The technological challenge is to further investigate 
the dissemination of ARB&G from WWTPs and 
wetlands to catchments, the effectiveness of existing 
WWTPs and wetlands in removing ARB&G, as well as 
to develop new methods for removing ARB&G.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

This research is divided into three parts: 
 
The first part focuses  on screening and monitoring of 
ARB&G in selected catchments, WWTPs and 
wetlands. This is important to get an overview of the 
prevalence of ARB&G in the Netherlands and to 
observe the effectiveness of present WWTPs and 
wetlands in removing ARB&G. Methods include 
sampling at different geographical locations, 
selection and measurements of antibiotics, ARB&G, 
and water quality and nutrient contents in water and 
sediment of  the systems. 
 
The second part of the research is to determine the 
specific resistance genes  of ARB&G. This is to ensure 
that the bacterial isolates harbour a variety of 
ARB&G. The distribution of ARB&G will be 
determined by qPCR. 
 
The last part of the research is to develop a new 
method to remove ARB&G. This can be a new 
technology or a combination of existing technologies. 
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Motivation 

 

 
 

This PhD-research is embedded in the NWO-STW 
Water Nexus research program. Water Nexus aims 
to find innovative technical solutions for problems 
with fresh water scarcity in delta areas. A partial 
solution is to lower the industrial fresh water 
footprint. This can be achieved by reusing 
industrial waste water streams for industrial or 
agricultural purposes. Challenges for the reuse of 
this water are the salinity and the presence of 
industrial additives.  
 
Green infrastructure as constructed wetlands 
(CWs) have shown to be able to remove harmful 
components from waste water streams prior to 
reuse. Within this PhD-research, the optimal CW 
systems design for the removal of industrial 
additives from saline industrial waste water will be 
studied.  
 
Various contaminant removal mechanisms as 
biodegradation, photodegradation, plant uptake 
and adsorption occur in CWs simultaneously. The 
dominating removal mechanism in a CW is 
determined by the CW design (Fig. 1). Different 
pilot scale CWs are available outside our 
laboratories (Fig. 2). In this research, I will start 
with lab scale removal tests, followed by designing 
the optimal CW configuration in the outside CWs. 
 
 

 
Figure 1. Hybrid CW (Avila et al., 2015) 

  
Figure 2. Pilot scale CW facilities 

 

My future experiments 
 

 Perform various lab scale tests to determine the 
removal processes for a set of industrial 
additives 

 Biodegradation 
 Photodegradation 
 Adsorption 

 
 

 Scale up lab scale tests to bench scale 
(aquarium) constructed wetland systems. 
 

 Implement obtained knowledge on removal 
processes into pilot scale constructed wetland 
configurations (outside, next to the ETE 
laboratory (Fig. 2) 
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Desalination technologies that extract water seem 
prohibited when polymers and/or surfactants are 
present. Electrodialysis (ED), a technology that 
extract salts from the treated solution, is often 
proposed as a cost effective method to desalinate 
organic-rich waste streams. An promising 
application of ED is the treatment of produced water 
from enhanced oil recovery (EOR) (Figure 1).  

 
Fig.1 Electrodialysis application in the EOR process 

EOR produced water still contains the viscosifying 
polymer, usually anionic polyacrylamide (APAM), 
but also a high amount of salts, solids and oil, which 
limit its reuse. Even after removing the oil and 
solids, the high salt content makes the mixture 
unsuitable for reinjection. This is because the salts 
interact with the polymer and change its 
morphology, consequently lowering the solution’s 

viscosity. Therefore, the use of ED to reduce the 
salinity of the stream would help to restore the 
properties of the APAM molecules, increasing the 
viscosity and reducing the consumption of fresh 
polymer.  

Similar combinations of water, salts and charged 
organic compounds can be found in the dairy 
industry (organics being mainly fats and proteins) 
and in the drinking water production, among others. 
Thus, the study of the desalination of solutions 
containing diverse organic material will yield results 
of interest for many applications. 

Technological challenge  

The main challenge of this research is the  to 
understand the membrane fouling mechanism in the 
electrodialysis process, especially the one due to 
anionic polymers, and to control it (Figure 2). This 
will contribute to water reuse and minimization of 
water discharge in the oil and the water treatment 
industries, as well as to the improvement of 
processes in the dairy industry.  
 

 
Fig.2 Proposed fouling mechanism of AEM by APAM  
(Taken from Guo et al. (2014). Desalination 346(0): 46-53.) 
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Large amounts of saline wastewater are generated 

by industries such as food, petrochemical and 

tannery. This has adverse effects on aquatic life, 

water potability and agriculture when discharged 

into the environment untreated. Currently, 

wastewater particle removal is widely achieved with 

the use of inorganic coagulants or/and oil-based 

organic polymeric flocculants. Both have non-

negligible drawbacks: the former leaves residual 

metal particles in treated water and the latter leads 

to formation of toxic degradation products.  Hence, 

the use of synthetic coagulants/flocculants can 

hardly be considered a sustainable wastewater 

treatment approach.  

 

Technological challenge  

 

Microorganisms responsible for the biological 

degradation of organic pollutants in (waste) water 

excrete biopolymers, generally referred to as 

extracellular polymeric substances (EPS). These EPS 

provide attractive and non-toxic flocculating 

properties.  

 

More often than not, single-type EPS (usually 

polysaccharides) are obtained by the enrichment of 

isolated microbial strain. Although this strategy 

yields biodegradable polymers, the disadvantage is 

that pure cultures need to be fed with expensive and 

unsustainable carbon sources as well as valuable 

nutrients.                  

 

 

Our approach is to utilise a mixed microbial 

population used in wastewater treatment to 

concurrently produce EPS as flocculants. Hence, it 

will be interesting to combine biological removal of 

organic pollutants with the production of organic 

flocculants in a single process. 

 

The technological challenge is therefore to develop 

strategies on how saline industrial wastewater 

treatment can be combined with maximum EPS 

production, and further fundamental studies on the 

biopolymer characterization and flocculation 

mechanisms. 
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Disposal of untreated wastewater streams 
into receiving water bodies without prior treatment 
can cause detrimental effects, such as 
eutrophication, toxicity to aquaculture and 
decrease in oxygen levels. Around 5% of 
(waste)water generated globally is saline or highly 
saline. 
 

Anaerobic biological treatment of saline 
wastewater streams has been reported to be a cost-
effective and environmentally friendly alternative 
compared to physical and chemical treatment, 
because anaerobic wastewater treatment allows to 
combine removal of organic matter with recovery of 
energy in the form of biogas.  

Technological challenge  

 
Microorganisms in conventional treatment 

are unable to efficiently function under high 
(fluctuating) salt stress conditions as they occur in 
the effluent streams. This forces industries to dilute 
their wastewater with freshwater, herewith 
increasing global water stress. 
 

The most 
widely applied 
anaerobic 
(waste)water 
treatment system 
to remove 
dissolved organic 
matter and 
produce biogas is 
upflow anaerobic 
sludge blanket 

(UASB). A core to successful functioning of 
compact anaerobic bioreactors is formation of bio-
aggregates (granules), because granular sludge 
allows for the capacity of treatment systems to deal 
with high organic loading rates (decouple hydraulic 
and sludge retention times). 
 

Saline wastewaters inhibit the process due 
to loss of microbial activity, cell lysis and 
disintegration of microbial granules. 

 
Even though several microbial strategies to 

deal with osmotic stress (uptake of potassium, 
uptake/production of osmolites) as well as 
conditions for successful granulation under non-
saline conditions have been reported, there is no 
research focusing on mechanisms of granules 
formation under saline conditions. 
 

Therefore the two technological challenges 
of this project are:  

1) Development of strategies for anaerobic 
granular sludge formation under saline conditions; 

2) Development of strategies for reactors 
operation under fluctuating salinity conditions  
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Membrane capacitive deionization (MCDI) has been 
introduced to improve the performance of 
conventional capacitive deionization system. The 
MCDI technology depends critically on the ability of 
the ion exchange membranes (IEMs) to exclude ions 
carrying the same charge as the electrode charge 
while simultaneously allowing the transport of 
oppositely charged ions.  
Although the MCDI technology has the potential to 
specifically remove ions from water, research on this 
topic has remained unexplored.  
 
For industrial applications, and from an academic 
perspective there is need to develop ion selective 
membranes which allow the removal of certain ions 
from multi-ion systems. For instance: i) to remove 
nitrates from a mixed solution of chloride and 
nitrate ions, Fig.1, to avoid health effects on 
humans, ii) to reduce sodium concentration in 
irrigation water, which affects the optimal growth of 
most crop plants, and iii) to recover valuable ions, 
such as lithium, or unwanted ions, such as arsenic. 

Research challenge  

 
IEMs allow the concentration and separation of 
ionic species. However, they exhibit very low 
performance when the selective uptake of ions is the 
aim, e.g., the removal of ions with the same charge 
and valence.  
 
Endowing the IEMs with selective properties or 
modifying them for imparting selectivity between 
specific ions often leads to various associated 
problems, such as high electrical resistance, and loss 
of mechanical strength.  
 

 
 
We intend to fabricate and tailor membrane 
functionalities in order to improve their physical-
chemical properties and enhance the selectivity by 
evaluating different fabrication routes, Fig. 2. Our 
final aim is to use these ion selective membranes for 
the removal of ions using MCDI technology.  

 

Figure 1  
 

Figure 2  
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Motivation 

 
 
 

The increasing presence of organic micropollutants 

in different segments of the water cycle threatens 

future water resources. These micropollutants are 

currently being detected at low concentrations in 

groundwater and surface water used for drinking 

water intake. While current monitoring (chemical 

analyses) gives an indication of the presence of these 

micropollutants, little is known about the natural 

attenuation of micropollutants in water.  This 

information is required to assess and mitigate the 

risks of contamination of drinking water resources. 

The aim of this research is to understand 

micropollutant fate and transformation in natural 

systems and develop tools to assess and stimulate 

microbial biodegradation activity.  

 

Method  

 
The project focuses on micropollutants that 
specifically threaten Dutch drinking water quality. 
Collaboration with drinking water companies 
provides a list of priority compounds for further 
research in lab experiments and a set of field 
locations for investigations.  For both, biomolecular 
tools based on DNA analysis are used to assess the 
natural attenuation capacity. This is combined with 
advanced analytical tools to identify biodegradation 
using isotope fractionation. Results will be 
integrated to form guidelines for the prediction of 
natural attenuation using molecular tools.  
 

Technical Challenge 

 
This research project aims to improve the 
biodegradation of micropollutants by developing 
tools to determine biodegradation capacity of a 
number of key compounds. Micropollutants have 
very diverse chemical structures and are present at 
low concentrations. These factors make it is very 
difficult to determine degradation pathways and 
develop tools to assess natural attenuation. Also,  
there is a lack of information on biodegradation 
rates under environmental conditions. This 
information is required to improve models used to 
assess and predict the long term risks of 
contamination of drinking water intakes Finally, 
there are no technologies available to stimulate 
micropollutant biodegradation in natural systems.  
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Motivation 

 
 

Two third of the fresh water produced in 
Netherlands is used by industry and ends up as 
wastewater, often rich in inorganic salts and 
containing a complex mixture of organic 
compounds. The presence of salts limits biological 
treatment. 
 
Within the Water Nexus project, a new treatment 
scenario is proposed based on a wetland for removal 
of organics, combined with electrochemical 
oxidation (EO) and membrane treatment for 
recalcitrant compounds and plant-microbial 
desalination cells (PMDC) for desalination. 
 
This project focusses on the integration of EO within 
this concept. 
 
In the EO process, electrons are transferred 
from organic compound to the electrode 
using electrical energy. In this process, in-
situ generated strong oxidizing species can 
degrade a wide variety of compounds. EO 
does not need the input of chemicals and can 
run at normal temperature and pressure. 
Moreover, this robust technology has the 
ability to withstand the variation of incoming 
wastewater quality and quantity. 
 
However, still, the EO process is not a 
standalone alternative for wastewater 
treatment due to high costs, and toxic by-
product formation. Hence, optimization and 
integration of EO with other technologies is 
required. Integration of EO process with a 
membrane process concentrating the 
organics is suitable when organic chemical 
are present at a very low concentration 
where EO is not feasible due to mass transfer 

limitation. Moreover, the EO of chloride containing 
wastewater generates perchlorate (ClO4-) and active 
chlorine, which reacts with an organic compound 
forming highly toxic Absorbable Organic Halide 
compounds (AOX). In this case, using Plant-
microbial Desalination Cell (PMDC) before the EO 
process is useful. 

 
Technological challenge  
 
The challenge of this research is to optimization of 
the EO process in saline water in order to reduce the 
cost and by-product formation, and to develop case 
specific technology integration scenarios including 
membranes and PMDC for application of the EO 
process.

Figure: Approach for technology integration for wastewater treatment 
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Organic micropollutants such as industrial 
chemicals, pesticides and pharmaceuticals are 
present in surface water and some are not removed 
by conventional drinking water treatment. Even 
though they are present at very low concentrations 
the effects to human health of chronic consumption 
of those compounds are not well stablished. 
Activated carbon (AC) is widely applied in water 
treatment as its adsorptive properties support the 
removal of organic compounds from aqueous media. 
However, the regeneration of the carbon after 
saturation of its adsorptive capacity is a costly and 
energy intense process.  

The aim of this research is to develop a technology 
to remove organic micropollutants from drinking 
water by using the synergistic effects of adsorption 
to activated carbon combined with biodegradation, 
promoting the so called bioregeneration of AC. 
 
 

Technological challenge 
 
 Hydrophobic compounds adsorb to AC to a 

larger extent than hydrophilic compounds. 
Therefore, the latter are still present in drinking 
water after treatment. Conditions to promote 
adsorption of hydrophilic compounds will 
be studied.  

 Biodegradability of organic 
micropollutants can vary and sometimes 
metabolites are less biodegradable than the 
parent compound. AC can promote 
biodegradation by increasing biomass 
concentration, increasing contact time between 
biomass and substrate and adsorbing inhibitory 
compounds. 

 Generally, adsorbed compounds are not 
available for biodegradation because bacteria 
cells cannot access the pores where adsorption 
occurs. Thus, compounds have first to desorb 
before they can be biodegraded. Reversibility 
of adsorption will be studied. 

 The potential for bioregeneration of AC will 
be assessed by combining a suitable adsorptive 
material and appropriate conditions for 
biodegradation. A reactor concept 
technology will be proposed.  

 

 

 

Figure 1: Biofilm on a granular activated carbon,  

from Eawag (Publ.) 2009: Wave21 final report  

– Drinking Water for the 21st Century.  

Schriftenreihe Nr. 20.  
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The Ghyben-Herzberg Relation 

 
One of the major concerns today in fresh water 
supply along coastal areas is seawater intrusion into 
fresh water aquifers mainly as a result of over 
pumping or salt-water intrusion from the sea. There 
are several more or less effective methods to 
overcome this problem, such as recharge basins, or 
barrier wells to pump out salt water and recharge a 
fresh water gradient towards the sea. Rising cost of 
water and maintenance and uncertainty of long-
term potable water availability force authorities to 
find other ways to deal with this problem. An 
innovative solution is the creation of electro-kinetic 
barriers along the coast. 

 

 
Schematic field setup of electro-reclamation (© 

Lambda Consult, 2013) 

Technological challenge  

Computer simulations, assuming different boundary 
conditions, indicate that electro-kinetic fencing can 
be a viable and interesting alternative, especially 
when the electricity to activate the fence comes from 
sustainable energy sources such as wind energy and 
solar power. The objective of this study is to validate 
the computer simulations and to assess the 
ecological and economic feasibility of electro-kinetic 
fences to abate salt water intrusion fresh water 
aquafers. 
 
This study is carried out in cooperation with Lambda Consult 

Horizontal/vertical electro-kinetic fence stops sea water 
intrusion by capturing and removing chloride (© Lambda 
Consult, 2013) 
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Wastewaters and wastes generated by the food 
industry typically contain high concentrations of 
biodegradable organic materials such as 
carbohydrates, lipids and appreciable quantities of 
proteins.  
 
Anaerobic digestion has been widely used for the 
treatment of wastewater since it combines pollution 
control and energy recovery (as biogas). The tropical 
climate in Vietnam especially favors anaerobic 
treatment, which makes this project very relevant 
for sustainable development in Vietnam and other 
high temperature developing countries in general. 
 

Technological challenge  
 
Serious problems in the anaerobic treatment of 
wastewaters containing proteins are reported, 
resulting in low organic removal rates, low methane 
production, foaming, sludge flotation, a 
deteriorating effluent quality and biomass washout. 
Nevertheless, anaerobic degradation of proteins only 
has been investigated in a few studies, and in 
particular the effect of the presence of other 
biopolymers such as carbohydrates and lipids on 
protein hydrolysis is largely unknown. More 
knowledge can give directions on how to solve the 
problems associated with insufficient protein 
degradation. Moreover, research will give more 
insight in the necessary design for optimal 
treatment of protein containing wastewaters.  
 
The objective of this study is to investigate anaerobic 
conversion of proteins under acidifying and 
methanogenic conditions at mesophilic 

temperatures (30-35°C) and the interactions that 
occur with carbohydrate degradation pathways and 
bacteria. We aim to provide deeper insight into the 
hydrolysis rate of proteins, the formation and 
activity of the proteolytic enzymes and the 
biochemical reaction pathways involved in the 
transformation of proteins in the presence and 
absence of carbohydrates. Also, the composition of 
the microbial community in relation to the protein 
degradation in anaerobic reactors will be assessed. 
 
The results of the research will be used to propose 
and test technical solutions to overcome difficulties 
in anaerobic treatment of rich protein wastewaters.  
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Motivation 

At large-scale industrial sites, a number of spills of 
hydrophilic and hydrophobic compounds can be 
present in the local groundwater. The interaction 
between pollution and abiotic and biotic processes 
can be optimized for establishing purifying activities 
of the local soil ecosystem. Through this, the 
groundwater can be remediated in an eco-friendly, 
cost effective way. However, the subsurface of many 
sites is often sub-optimal for such natural 
bioremediation, i.e. that residence time of the 
groundwater with contaminants is shorter than the 
time needed for biological conversion of these 
compounds. Furthermore, the redox conditions for 
natural attenuation of various compounds may not 
be favorable. How to create optimal conditions for 
full remediation of a variety of contaminants with 
use of the local ecosystem, is poorly understood.  

 

 

 

 

The technological challenge is the design of  
interception area’s in which local soil ecosystems are 
actively remediating the subsurface at contaminated 
sites. This PhD project is generating a proof of 
principle for a suitable mechanism as input for such 
a design. Research is focused on the combination of 
sorption/desorption and stimulated biodegradation.  

Main principles to be tested:  
- Effectiveness of organic sorbents and/or 
environmental factors that allow sorption, but also 
desorption of a variety of sorbates to ensure their 
bioavailability.  
- Ability of local biomes at polluted sites to degrade 
target components with irregular substrate loads 
- Effect of additional micro-organisms, electron 
donors, electron acceptors and/or nutrients on 
biodegradation rate. 

 
 
 
 

Technological challenge 
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The use of micro- and ultrafiltration membranes in 
membrane bioreactors (MBRs) allows complete 
retention of biomass and wastewater particle 
separation during (biological) waste water 
treatment. However, the treatment costs are high 
because the membranes are expensive and suffer 
from fouling. In aerobic MBRs, generally a gel layer 
is formed on the surface of the membrane (van den 
Brink et al., 2013). This is caused by gelation of 
extracellular polymeric substances (EPS) such as 
polysaccharides and proteins, which are excreted by 
microorganisms. It is generally accepted that this gel 
layer dictates the filtration process, i.e. determines 
the retention of compounds and the permeability. 
 
 

Technological challenge  
 
The objective of this project it to create a gel layer of 
anaerobic EPS on a porous support as a cheap 
alternative for expensive membranes. This is 
accompanied by several challenges and research 
questions: 
 

 Can a suitable gel layer be formed from 
anaerobic EPS, what is the composition and 
structure of this gel layer and what is the effect of 
environmental conditions such as temperature 
and cation concentrations? 
 

 Under which operational conditions and with 
what type of porous carrier material is the 
performance of this layer optimal with respect to 
solids retention and permeability? 
 
 

 How can a gel layer be formed in-situ and what is 
its long-term stability? 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 – Illustration of a gel membrane in an 
anaerobic bioreactor 

 

Reference 
 
Van den Brink, P., et al. "Potential of mechanical 
cleaning of membranes from a membrane 
bioreactor." Journal of membrane science 429 
(2013): 259-267. 
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The intensity and scale of urbanization worldwide 
pose major challenges to cities’ authorities in 
providing basic urban services such as water and 
energy supply, sanitation, and management of 
solid waste.  A growing demand mainly occurring 
in urban areas for renewable energy, clean water, 
materials and minerals results in an increasing 
worldwide recognition that new approaches and 
paradigm shifts - away from the current linear 
thinking to manage our resources - are needed. 
Here, depletion of resources such as fossil fuels 
and phosphorus demands a rethinking of our 
urban areas. A further motivation is that we are 
still unable to provide basic services to everyone. 
As an example, 780 million people do not have 
access to safe drinking water at this moment, and 
2.5 billion people lack adequate sanitation 
services 0 F

1.  
 

Our Research 
 
The vision of our research is to reduce environ-
mental impact and mitigate resource depletion by 
closing resource cycles and achieving a circular 
(urban) metabolism. Our research focuses on 
development of concepts and integration of 
technologies for sustainable urban water, materials 
and energy cycles. We develop and evaluate new 
concepts for collection, transport, treatment, 
supply and use of energy, water and materials, 
which we consider as valuable resources and which 
qualities have to be preserved. Furthermore, we 
select appropriate technologies for these concepts 
in accordance with the local circumstances, needs 
and habits. Our research includes (peri-) urban 

                                                             
1 UNICEF & World Health Organisation (2012). 
Progress on Drinking water and Sanitation; 2012 
update. UNICEF & World Health Organisation,  
Pg 1-59 

areas and industrial sites, for which we aim at an 
optimal, sustainable and highly effective balance 
between supply and demand of water, energy and 
resources. Here, we include the effect of different 
urban typologies and urban agriculture on the 
resource cycles. We a) apply and further extend 
own concepts and approaches such as Urban 
Harvest,  and b) provide frameworks and tools to 
evaluate and quantify technological concepts such 
as New Sanitation which is based on separation of 
wastewater and material streams at source, so as to 
facilitate recovery and reuse of water and other 
resources such as energy, nutrients and compost.  
Moreover we have extended  this to closing 
Industrial and Metropolitan Water Cycles, 
including multi-sourcing brackish and rain water, 
and reclaimed purified water from large domestic 
waste water treatment plant effluents, as  
alternative water resources.  
 

Our Approach 
 
Cities and their challenges are addressed in 
accordance with the principle of cyclic, rather than 
linear analysis, engineering and design. 
Furthermore, concepts and approaches are 
developed in cooperation with stakeholders on a 
practically relevant scale (Living Lab Approach). In 
our research, the non-technological, socio-
economic and spatial planning contexts, in which 
we want to integrate our concepts, receive due 
attention. Due to the broader inter- and 
transdisciplinary approach of our research, 
cooperation with other WUR departments takes 
place in various larger research programs, such as 
Water Nexus, Entire, LotusHR, and WUR 
knowledge investment programs ( Metropolitan 
Solutions, Resilience, and Resource Efficiency). 
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Motivation 
 
Urban areas have a metabolism that converts 
inputs into outputs. Nowadays this metabolism is 
mainly linear, where resources are used mostly 
once and then discharged to the environment. 
Transitions towards more circular urban 
metabolism are thought to improve resource use 
efficiency and increase resilience of urban systems 
through functional substitution. In ecosystems 
diversity of metabolic functions is crucial for 
circulation of nutrients, for developing multiple 
pathways of resource flows and cascading of 
energy. As a result, functionally diverse eco-systems 
are more resilient to disturbance. 
 
Urban metabolism studies generally use the city or 
regional as a unit of investigation. This does not 
match the level at practical urban planning and 
design operates; namely the building, block, 
neighbourhood or district scale. As a result they do 
not show the wide diversity of functions that exist 
within urbanisations, which are essential to work 
towards more circular metabolism. Yet, another 
reason urban metabolism has not been applied by 
planners and designers is that existing studies lack 
a spatial dimension. Both factors lead to lack of 
knowledge of diversity urban metabolic functions 
and their spatial distribution. Also, the concept of 
time is not properly dealt with in current metabolic 
studies (Moffatt & Kohler 2008). Resulting in the 
fact that the concept of urban metabolism has not 
widely been applied in planning and design 
(Kennedy et al. 2010).   

 

 

 

  

 

Aims and Objectives 
 
This research aims to study Amsterdams energy 
and/or water flows in detail, revealing metabolic 
variability within the city. Students can chose to 
study either specific neighborhoods (using MFA) or 
to resource ‘chains’ through the city (using SFA). 
Preferably, a correlation study is done to link the 
identified spatial and temporal variability of urban 
metabolism with the heterogeneity of city 
characteristics, like demographic, spatial and 
economic parameters.  
 
 

Methods and requirements on candidate 
 
In this research, students will use methods such as 
Material and Substance Flow Analysis (MFA / 
SFA). Also a literature review could be included to 
identify and compare the studies that have 
researched spatial variability and/or temporal 
dynamics of urban metabolism on their method 
and results.  
Preferably, the student has well developed GIS 
skills. These skills are essential to do the correlation 
study.  

 

 

 

Figure 1: Spatial and temporal variability of urban 
metabolism. 
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Sustainable Technology 
Integration: How to combine 
technologies and demand and 
supply? 
Researchers 

Dr.ir. Katarzyna Kujawa 

Dr. Wei-Shan Chen 

Motivation 
 
The question how and when to supply resources 
such as water and energy in a sustainable way to the 
user is one of the challenges we are working on. 
Here, we have to deal with a transition towards 
more decentralized technologies and therefore more 
decentralized systems as well as an increased 
complexity. We therefore aim at smart combinations 
of technologies in order to develop concepts for 
these systems, which can help to improve the 
resource efficiency and eventually lead to the closing 
of resource cycles.  
Combined application of technologies, especially on 
small local and decentralized scale, and the 
evaluation of their potential based on temporal 
demand patterns (How much energy do I need in 
the morning and how much in the evening?) and 
local settings (How much rainwater can I harvest 
here?) offers the opportunity to develop custom-
made and highly-efficient concepts for resource 
management, yet is not free of challenges due to its 
multi-disciplinary / multi-scalar nature. These 
concepts would be a milestone in the transition 
towards more sustainable urban systems. 

Objective 
 
The demand and possible supply of a resource 
depends on the local conditions of a site and the 
available technologies. We investigate therefore the 
performance of technologies and the demand of the 
user in a dynamic way, as the systems have a highly 
dynamic character. Based on these results, we want 
to develop concepts that match demand and supply 
of a resource by smart usage of technologies and 
combinations thereof. Here, we combine technology 
know-how, system analysis, user experiences and 
scenario studies in order to produce guidelines and 
decision support for planners, engineers, resource 
suppliers and technologists.  

 

 
Figure 1: Steps for evaluation of the local situation 

and technology selection 

Points of Interest 
 
In the following, a number of points are mentioned, 
on which we are working on right now and which 
represent starting points for possible MSc topics: 

 Evaluation of technologies for the supply of 
electricity and heat (e.g. PV panels and solar 
collectors) and the storage/supply of heat 
and cold (e.g. Aquifer Thermal Energy 
Storage) 

 Modeling and analysis of combined resource 
systems (e.g. parallel energy supply and 
water treatment) 

 Investigation of demand and supply 
patterns based on user data and / or spatial, 
demographic or statistical parameters (e.g. 
How much electricity is used by building 
YYZ in 2012 and what is the actual usage?) 

 Development of methods and tools for the 
evaluation of systems and technologies (e.g. 
indicators, which can be used to evaluate a 
technology and which can be used for 
comparison) 

 Brownfield redevelopment
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Motivation 
 
Rapid population growth and industrialization 
in the last decades resulted in an enormous 
stress on ecosystems, resources, political 
systems and economies. In urban areas, these 
stresses are especially high, since our cities 
consume large amounts of resources (e.g., 
water, energy, nutrients) and convert these to 
low value waste streams (linear metabolism). 
Apart from that, local renewable resources (rain, 
solar, wind etc.) are often neglected in current 
supply schemes. Unlike self-sufficient natural 
systems, which make use of sustainable inputs 
and recycling mechanisms, cities at the current 
stage cannot be considered sustainable. 
 
 

 

 
 
 
 
 

 

Technological  Challenges 

 Complex system: high number of 

interconnected subsystems, tempo-spatial 

scales, feedback fluxes; 

 Multidisciplinary research: conversions of 

water, energy and (biodegradable) 

materials; 

 Integration of existing (sub-)models 

developed in isolation from each other into 

a single model; 

 Reduction of the model complexity without 

significantly reducing its accuracy. 

 
 
Mimicking natural systems can stimulate a 
paradigm shift towards a more sustainable and a 
more circular metabolism of cities. 
A number of technological and infrastructure 
concepts to facilitate this shift has been proposed . 
However, the proposed concepts often focus on 
optimizing a very narrow part of the system (city) 
without taking into account other system’s elements. 
Therefore, the combined effect of these concepts on 
a system can be far from optimal. 
Modelling can aid greatly in studying these 
combined effects. Developing of models that could 
simulate the conversions of the resources within a 
city is the objective of the current research. 

 

 



 

 

Zero nutrient discharge and total 
reuse of domestic waste(water) 
nutrients in agriculture-Case study:  
St. Eustatius (Statia)  

Researcher 

Indra Firmansyah 

 

 

Supervisors 

Dr. Bert Smit (PRI) 

Dr. Gerrit-Jan Carsjens (LUP) 

 

Promotor 

Prof. dr. ir. Grietje Zeeman 

 

 

Feb 2013 - 2017 

CV Researcher; 

Graduated;  

 

Hobbies;  

e-mail; 

tel; 

website; 

 

Indra Firmansyah 

Wageningen University, Urban Environmental 
Management (2011)  

Playing Football, Badminton 

indra.firmansyah@wur.nl 

0317-482020 

www.wur.nl/ete 

 

 

 Motivation 

 
 

St. Eustatius (Statia), a small island in Caribbean, is 
becoming an attractive place for tourism. The 
population and economy are predicted  grow. As a 
consequence production of waste, wastewater will 
increase. This will have adverse impact on the 
coastal environment in Statia. The existing 
wastewater infrastructure is performing poorly . 
Seepage or discharged effluent containing nutrient 
from this system might loss and accumulated in 
aquatic ecosystem because of leaching  or run-off 
within the island. Furthermore, the waste is 
dumped at an open landfill which is close to coastal 
ravine. During heavy rainfall waste is dispersed 
across coastal zone, which leads to losses of 
materials and nutrient that can be also the cause of 
eutrophication. In addition, production of more 
goods is also necessary to support the island that at 
present the agricultural products are mostly 
imported from outsiders.  Hence, to be more 
sustainable in the island, the generated nutrient 
from domestic waste(water) can be recovered and 
reused for agricultural/horticulture practices. 

 
Figure 1. Map of St. Eustatius (www. planetware.com)  

  

Research challenge  
For this research, three area of expertise is 
combined:  

 Spatial planning,  

 New Sanitation, and  

 Agriculture/ Horticulture.  
 
The research will focus on multidisciplinary 
approach by combining scenario planning, urban-
agricultural design  and scientific enquiry methods, 
methods of mass flow analysis, application of new 
sanitation concept and associated agricultural 
practices that will be weighed by means of multi 
criteria assessment.  

 
Figure 2. Methodology Scheme of Research Project in Statia 

Implementation of waste(water) reuse system is 
challenging because it needs changes to 
waste(water) infrastructure and agricultural/ 
horticulture practices. It also requires investment 
and capacity building to achieve the objective in the 
future. Thus the approach taken here is to define 
most suitable technologies and practices based on 
available nutrients, types of crops, stakeholder 
needs and future trends to closing nutrient cycles 
within island.  
This research is conducting as a part of TripleP@Sea Project of 
Wageningen University. 
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Motivation  

Transition in the traditional energy system: 

1. Integration of renewable energy sources on 

centralized and distributed scale.  

2. Increase in the energy demand and changes 

in demand profile due to fast-pace growth of 

population and urbanization  

 Challenge: efficient and effective use of various 

energy sources to match the supply and demand 

 Detailed knowledge about energy demand 

profile and predicting its future variations is 

useful for energy managers and urban planners. 

 

Objective 

We aim to develop a model for characterizing and 

forecasting energy demand in the urban 

environment in detailed spatial and temporal 

resolution, including the service needs and the 

resulting end use energy demand. 

 Bottom-up approach: starting from the 
individual buildings, and scaling up to larger 
clusters of buildings, up to a district and city 
level. 

 Characterizing energy demand, considering: 

1. Temporal variations: daily, weekly, 

seasonal, and yearly patterns 

2. Building characteristics, number of 

inhabitants and socio-economic conditions 

of the inhabitants 

 Disaggregating electricity and gas demand based 

on various service needs of different consumers 

  Forecasting energy demand profile based on 

different usage categories.  

Approach 
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Motivation 
 
Current environmental concerns relate to scarcity 
and shortage of resource (e.g. peak oil, depletion of 
phosphorous). To address this problem a transition 
to renewable energy use, circular material and 
nutrient flows is advocated. Cities of the world are at 
the forefront of this transition, yet at present there 
are no cities that achieve this ideal of circular 
resources flows and independence from fossil fuels.  
 
In order to be able to decide upon where to 
intervene in a city so that its metabolism becomes 
more circular, one needs to know which factors are 
key drivers for the current state of the metabolism.  
It is known that a close relationship exists 
between resource management, urbanization and 
technological development (Agudel0-Vera et al., 
2010). But what does this relation look like for the 
case of Amsterdam? Which technological, socio-
economic or ecological processes were the key 
drivers that shaped the city’s metabolism? And what 
lessons can we learn from history for today’s 
urbanization? 

 
 
Aims and Objectives 
 
This research project aims to investigate more 
closely the relationship between resource 
management, urban planning and design and 
technological development in Amsterdam from a 
long-term perspective. This investigation should 
reveal how Amsterdam’s resource management 
system has evolved over time and how this has been 
affected by urban,  technological and socio-
economic developments. Preferably  water and 
energy flows are studied. 
Focal points of study include: changes in socio-
economic circumstances, spatial organization 
(urban form), quantity and quality of the resources  

 
 
 
used, size and distance to resource supply areas and 
technologies applied. By focusing on these aspects 
lessons for sustainable urban planning and design 
are expected. 
 

 
Methods and requirements on candidate 
 
The research will mainly consist of desktop study in 
which various method can be applied, depending on 
the student’s interest and capacities. Potentially 
relevant  activities include literature review, data 
gathering in the city archives, map study and expert 
interviews. It is also possible to make use of 
methods such as material flow analysis, to illustrate 
long-term changes in the city’s resource flows 
quantitatively. 
 

Figure 1: Historical map of Amsterdam 



 

 

CV Researcher; 

Graduated;  

 

Hobbies;  

e-mail; 

tel; 

website; 

 

Paul O’Callaghan 

Napier University, M.Sc. 1998 

a 

Playing Music,  sea-kayaking, theatre 

Paul.ocallaghan@bluetechresearch.com 

+1 604 676 3581 

www.bluetechresearch.com 

 

Developing a Water Technology 
Diffusion model as a framework for 
analysis of innovation in water 
technologies 

Researcher 

Paul O’Callaghan 

 

 

Supervisor 

Prof. dr. ir. Cees Buisman 

 

 

Promotor 

Prof. dr. ir. Cees Buisman 

 

 

Jan ‘16 – Oct ‘18 

Motivation 

 
The motivation for this thesis can be summarized 
with the following key points: 

 Challenges in relation to water quality and 
availability exist and will be further exacerbated 
in the decades ahead due to multiple macro level 
drivers.  

 Water Technology innovation can help to 
address issues relating to water quality, 
availability and efficient energy and resource 
management.  

 There is a high level of research and 
development activity and investment in 
developing innovative water technologies.  

 Currently the level of productive outputs and 
return on capital from this research and 
development work is poor based on metrics 
including percentage of technologies that make 
it through the technology diffusion process. 

Technological challenge  

 

 Current models to analyse Water Technology 
Diffusion exist, but they are incomplete and not 
designed for the water sector. 

 The development of a Water Technology 
Diffusion model as a framework to analyse the 
process of water technology can help increase 
the efficiency in the use of capital to develop 
water technologies to address issues relating to 
water quality and availability and efficient use of 
resources and energy in water and wastewater 
management.  

 
 
 
 

 
 
 

 

 We will describe the development of a Water 
Technology Diffusion model to cover the 
complete cycle of technology development from 
applied research through to technology 
maturity. The model combines and adapts 
elements from other technology innovation 
models to create a framework that can be used 
to analyse the process of water technology 
development and technology diffusion.  



 
 

 
 

Dynamic model of aquaculture-
horticulture systems, INAPRO.  

 

Researcher 

Daniel Reyes Lastiri 

Supervisors 

Dr. ir. Karel J. Keesman, BCT 

Dr. ir. Hans J. Cappon 

Promotor 

Prof. dr. ir. Huub Rijnaarts 

 

Jun 2014 - 2018 

CV Researcher; 

Graduated;  

Hobbies;  

e-mail; 

tel; 

website; 

Daniel Reyes Lastiri 

TU Delft, MSc. Sustainable Energy Technology (2013) 

Playing music, cycling 

Daniel.reyeslastiri@wur.nl 

0619679383 

www.inapro-project.eu 

Motivation 

 

 

We are a very high-maintenance society. About 
70% of the fresh water used worldwide is destined 
to agriculture, largely for animal feed production; 
simultaneously, near to 75% of the global fish 
stocks are overfished. 
Aquaponics is a technique that combines farming of 
aquatic species (aquaculture) with soilless plant 
production (hydroponics). It tackles both 
wastewater treatment and nutrient recovery by 
reusing the fish waste for plant growth in a single 
water cycle. 
Developing aquaponics to a commercial scale can 
thus help reducing our water demand and impact 
on biodiversity. 

 

 

 

Approach 

 
Fish and plants have different growth cycles and 
nutrient requirements. Their production systems 
are not mutually optimal. 
It is necessary to understand the dynamics of each 
system and their interactions in order to reach a 
balance between both cycles, with minimal water, 
nutrient and energy consumption.  
For this purpose, we develop a mathematical model 
that improves our understanding of aquaponics. 

Together with partners in Europe and China, the 
INAPRO project combines the model basis with a 
demonstration-based approach. Our model 
supports the design of demo systems and their 
operation provides us with validation data. 

Technological challenge 

 
Drawing lines 
The model must be simple enough to provide 
system-level solutions, yet detailed enough to 
include all relevant physical, chemical and 
biological phenomena affecting the production. 
Additionally, it must have a modular construction 
to simulate different system components and 
locations in the world. 
 
Coupling 
The individual production cycles are not in 
synchronicity. We must devise and test strategies to 
couple the water between fish and plants to achieve 
a resilient and sustainable system. 
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Motivation 

 

 
 

Water, especially fresh water, is crucial for sustaining 
human populations and enabling economic growth. 
Worldwide 1.2 billion people live in physical water 
scarcity, and 1.6 billion in economic water shortage. 
Even in a “wet” country such as the Netherlands 
extreme weather events, sea level rise, and 
overexploitation threaten existing fresh water 
resources. Increased salt water intrusion, due to sea 
level rise, threatens to turn fresh water resources 
saline in the low lying areas of the Netherlands. A 
paradigm shift in the way water is used is required to 
assure continued abundance for domestic, agriculture, 
and industrial purposes.  

Challenge  

 
Industry requires significant quantities of water to 
operate. In the Netherlands 68% of the fresh water 
produced is used by industry. In most cases the water 
is part of the process, but is not part of the final 
product (high temperature steam production, cooling 
liquid in cooling towers, etc.). This range of 
applications raises questions concerning the quality of 
the water which is actually required for each of these 
processes: 

- Is it really needed to use high quality fresh 
water to produce steam?  

- Can process water be cascaded for more 
effective use? 

- Can part of the process be operated with 
saline water? 

The central paradigm shift within the Water Nexus 
program is to consider saline water as a resource, 
instead of a threat: 
 

Saline water where possible, freshwater where 
essential. 

 

The main challenge of this research is to match 
environmental renewable water supply with industrial 
water demand.  
 

Possible thesis topics 
 

1. Hotspot identification of industrial resource 
use through Material Flow Analysis (MFA) 

 
Utilize MFA techniques in order to map the resource 
flows of an industrial case study. Attention to 
interactions between energy and water flows is 
required to identify possible locations in which 
resource use can be reduced.  
 

2. From Urban Harvest to Industrial Harvest 
 
Apply the Urban Harvest Approach (UHA) to an 
industrial case (IHA) to identify the possibilities of 
(re)using local available resources.  

 
 
Adapted from: Agudelo-Vera, Claudia M. 2012. “Dynamic Water 
Resource Management for Achieving Self-Sufficiency of Cities of 
Tomorrow. Ph.D. Thesis, Wageningen University, Wageningen, 
Netherlands.”
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Background 

 Coastal region of Bangladesh is highly 
vulnerable to climate change. At the same time 
urbanization induced environmental pollution 
is threatening the access to good quality and 
quantity drinking as well as irrigation water.  

 World Bank study on the climate change effect 
on Bangladesh estimated that by 2050 the river 
water resource for agricultural irrigation will 
shrunk by 29.7 percent. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Motivation 
 Water re-use in Bangladesh is yet to be realized  

due to a number of reasons including 
inadequate knowledge on proper reuse 
practice, inadequacy of wastewater 
infrastructure resulting poor quality 
wastewater, policy regulations etc.  

 Annually urban areas of Bangladesh generate 
725 million m3 of  wastewater which can be an 
alternative as future irrigation source.  

Aim  
The aim of the project is to develop a sustainable 
wastewater management plan integrating risk 
mitigation strategies for safe re-use in agriculture. 

Operational Framework 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Methods 

 Wastewater quality/quantity analysis 

 QMRA-Monte Carlo Simulation 

 Stakeholder mapping and perception 
analysis 

 Spatial Analysis 

 Scenario Planning and MCA 

Expected Outcome 

 Seasonal variation in wastewater quantity/ 
quality and associated health risk for reuse 

 Framing stakeholders perception towards 
planned wastewater re-use in agriculture 

 Understanding of spatial and temporal 
dynamics of wastewater flows facilitating 
better  urban-rural infrastructure linkage 

 Scenarios for wastewater treatment options 
facilitating re-use in agriculture   

System Boundary 

 
 
 
 
 
 

                                   Specific Context  

Figure 1: Average Maximum River Salinity in the Southwest Region of 
Bangladesh (World Bank, 2015) 
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Motivation 

 
 

 
Distribution of potable water without any residual 
disinfectant eliminates DBP (disinfectant-byproduct 
formation) and maximizes consumer satisfaction in 
terms of taste and odor. However, biological 
stability, i.e. unobjectionable levels of microbial and  
invertebrate organisms, is to be maintained in the 
distribution network. Hereto, the drinking water 
treatment is to achieve production of potable water 
characterized by a low microbial growth potential 
(MGP), i.e., low in nutrients (e.g. organic 
compounds of natural origin) and other growth-
promotors (e.g. biomass, particulate matter). 
Ultrafiltration and capillary nanofiltration 
membrane treatment have potential in addressing 
this challenge in surface water treatment. This 
constitutes a novel application of these existing 
technologies.  
 

Technological challenge  

 
Ultrafiltration rejects by size-exclusion particulate 
matter, microbial biomass and, depending on the 
selected molecular-weight cut-off (MWCO), 
biopolymeric organic carbon. Therefore, 
ultrafiltration as posttreatment to existing 
conventional surface water treatment plants 
potentially reduces associated MGP. Tighter 
capillary nanofiltration is to achieve a further 
reduction in lower Mw organic compounds. 
However, their impact on biological stability has not 
been studied extensively yet. Furthermore, although 
several analytical methods are available to 
determine waterborne MGP (e.g. Assimilable 
Organic Carbon, Biomass Production Potential), 
further extension is desired, whereas it is not yet 

established with certainty which compounds 
contribute to MGP. 
  
The behavior of several membrane systems is 
studied on laboratory, pilot and practice scale. The 
first results indicate that ultrafiltration 
posttreatment is capable of significantly enhancing 
biological stability, and matter of relatively large 
dimensions is a major factor in MGP. Operational 
settings and membrane fouling conditions were 
found to have only marginal impact. 
 
The technological challenge is to (continue to) 
establish the impact of membrane treatment 
processes of several MWCO on biological stability, 
derive in more detail which components govern 
MGP, and compare and improve analytical methods 
to quantify MGP predictively in grab samples as well 
as in practice conditions. 
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Motivation 
Deficiency in industrial and urban water in the future will 
become a factor limiting the possibilities for further 
economic development. The workshop which was 
organized by the ENTIRE - research team in Vietnam with 
participation of industrial zone companies, industrial zone 
authorities, environmental policy makers, water supply 
companies, and environmental companies has put 
forward three main considerations: 

 Continuously increasing water demand has stressed 
water resources and put pressure on water supply to 
industries and industrial zones; 

 Salt intrusion and competing claims on water services 
by stakeholders, and restrictions on groundwater 
exploration are serious challenges; 

 Major interest is in innovative research on new 

sustainable industrial water use. 

 Technological challenge

 
Two important knowledge gaps in water supply in 
the Vietnamese Mekong delta are the following: 
1. There is no systematic method to design a 

circular industrial water supply system; 
2. There is no insight in temporal and spatial scales 

and dynamics of water availability and water 
needs that is specific to the Vietnamese situation. 

Based on material flow analysis (MFA), a set of 
relevant water quality parameters is determined 
defining the demand side for industrial water 
quality, quantities, wastewater quantity, 
characteristic, time and space. In the next step, 

Urban Harvest Approach (UHA) strategies which 
are demand minimization, output minimization and 
multi-sourcing will be applied to identify technical 
and operation options to prevent pollution. These 
strategies will be achieved through pilot experiments 
with various treatments dealing with the relevant 
parameters for water quality and quantity. 
Treatment processes include both natural systems 
and engineered systems. Lastly, a dynamic model 
will be developed to design multi-source and 
circular based water system.  
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Motivation 

 

Street is an ideal building block for constructing a 
circular city of the future. Infrastructures are 
intensively clustered in streets to provide essential 
urban services like several types of traffics 
(vehicular, bicycle & pedestrian) and waste(water) & 
rainfall discharge. Moreover, street level is more 
attractive, than the household level, for 
implementing renewable energy production & 
storage as well as reuse of nutrient from waste in 
urban farming, due to its larger supply and demand. 
Streets also catalyse the social interactions within 
the neighborhood. The path towards a sustainable 
city should, therefore, start at a sustainable street, 
which we called “Green Street”. 

Technological Principle 

The core idea is to re-design the street functionality 
and morphology. A co-creation with multiple 
stakeholders is emphasized. Involving multiple 
stakeholders from the beginning of this 
revolutionary project will guarantee the impact and 
sustainability of Green Street concept. 
 
 
 
 
 
 
 
 
 

Implementation 

The city of Almere is preparing for the up-coming 
Floriade 2022, the biggest horticultural exhibition in 
the world, with the theme “the feeding city”. 
Together with Amsterdam Metropolitan Solutions 

(AMS), ETE will design and build a prototype of 
“Green Street” that is tailor-made for the city of 
Almere. The Green Street prototype aims to 
demonstrate the potential of integrating 
existing/emerging environmental technologies for a 
circular “street” metabolism and the impact of co-
creation. The experience we learn during this 
prototype will be applied to other cities that also 
strive for a sustainable urban development.  

Research challenges  

 Review emerging & existing technological/ 
social approaches for achieving circular use of 
water, energy & nutrient in urban street level 

 Design by selecting & integrating the reviewed 
technological/social approaches (case study in 
several cities available) 

 Develop indicators & applicability assessment 
for supporting evaluation & implementation of 
the generated designs 

 Identify potential stakeholders to be involved 
for implementation of Green Street (in Almere 
and potentially other cities in the world) 
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Motivation 

 
 

Large quantity of resources will flow through urban 
area to support the living, and most of them end up 
in urban waste streams. Current sanitation system 
could not effectively recover resources from urban 
waste, as it was designed with an aim to remove 
waste(water) as far away and as fast as possible. 
Moreover, urban waste streams are often highly 
heterogeneous, making the recovery difficult. Novel 
sanitation system that is designed for maximizing 
resource recovery from urban waste streams is 
required and envisioned.  

Technological Principle 

The core idea is to maximise the organic 
concentration in wastewater, which is beneficial for 
emerging bio-recovery processes. This can be done 
by minimizing the water and maximsing the organic 
waste entering the sewer system, namely water out 
and shit in. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Water out- Minimising water consumption 
Numerous water-saving home utility has been 
invented and commercialized. A preliminary 
investigation indicates that up to 67% of household 
water consumption can be reduced by applying 
water-saving utilities. Moreover, social-ecological 
approaches can be applied to influence water-using 
behaviors of end-users, i.e. citizen in this case. 
 
Shit in- Maximising organic waste into sewer 
Organic waste can be dumped into sewer, instead of 
trach bin, by employing kitchen or toilet grinders. 
Transportation needed for kerbside collection of 
organic waste is avoided. A preliminary experiment 
showed that smaller sewer pipe may be beneficial for 
transporting wastewater with a high solid content. 

Research challenges  

 Develop technological/social approaches for 
reducing household water consumption 

 Design strategies for adding urban organic 
residues into sewer system 

 Identify optimal organic loads in wastewater 
that are beneficial for bio-recovery processes 

 Design a living lab experiment for exploring the 
maximum and patterns of household water-use 
reduction (potentially in Amsterdam) 
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Motivation 

 

 
Water scarcity is a growing global issue, especially for 
delta regions which are susceptible to salt water 
intrusion. These locations are also known to attract 
residential, municipal, and industrial development 
which places a larger burden on the water supply. One 
of the largest consumers of fresh water is industry 
which can represent as much as 59% of total 
freshwater usage for a given area (WBCSD, 2009). Of 
this freshwater use, up to 90% is returned in the form 
of wastewater unable for reuse and polluting water 
supplies (WCW, 2000). It is therefore necessary that 
improvements be made to both reduce the amount of 
freshwater needed upstream and reduce the amount 
of wastewater returned downstream. In order to do so, 
a clear understanding of supply and demand is 
needed. However, present evaluations are either too 
focused for regional relevance or too broad for 
improvement recommendations.  

Technological challenge  

 

In order to improve the situation for delta regions, a 
clear understanding of the current situation is 
necessary. Specifically, a comprehensive approach is 
needed that can accurately capture the relationship 
between freshwater supply and its demand. Existing 
methods such as indices and benchmarking have yet 
to accurately achieve this in a meaningful way. 
Modelling could be seen as a solution. However, 
present modelling attempts are either too narrow 
(small scale) or too broad (large scale). Small scale is 
usually a bottom up approach which cannot consider 
issues outside of the set boundaries and is very site 
specific. Large scale, meanwhile, is a top down 
approach which typically cannot provide design 
information and is usually only relevant regionally or 
globally. Therefore, a hybrid method is recommended 

as it can connect small and large scale models. To 
date, this approach has only been used for analysis 
with no application to sustainable design problems 
(Hanes & Bakshi, 2015).  
 
The technological challenge of this research is to 
develop a dynamic model which will:  

i) depict local water availability and 
demand;  

ii) provide matching of supply and demand;  
iii) test the applicability of integral solutions. 

 
This research will be primarily focused on (reducing) 
the freshwater use of the industrial sector through up- 
(Figure 1)  and downstream modelling, case studies, 
and integrations of both small and large scale 
applications within a single model. This to allow for 
assessing both design improvement as well as the 
impacts of these decisions on a larger scale.  

 
 
Figure 1. Upstream Technology optimization 
modelling scheme, aiming at minimizing fresh water 
intake and waste water discharged. 
 
This research is part of the larger Water Nexus 
program  whose aim is to use “salt water where 
possible, fresh water where necessary”. 
https://teamsites.wur.nl/sites/WaterNexus/SitePages
/Home.aspx  
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