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Welcome note from Dr. Benjamin Herklotz, DBFZ

Dear Participants of the 8th Expert Forum on Hydrothermal Processes,

Dr. Benjamin Herklotz 
Working Group Leader Hydrothermal Processes

I would like to take this opportunity to thank you for 
your active participation in the 8th edition of our  
international expert forum dedicated to hydrother-
mal processes.

Hydrothermal technologies are crucial parts of 
modern biorefinery concepts that are needed for a 
sustainable bio-based economy. They are still focus 
of intense research. Even more as new fields of 
hydrothermal applications like hydrothermal humi-
fication (HTH) and catalytic hydrothermal synthesis 
(HTS) emerge besides established hydrothermal 
carbonisation (HTC), hydrothermal liquefaction 
(HTL) and hydrothermal gasification (HTG). Witnes-
sing advances in all these technologies from edition 
to edition emphasizes the importance of this event 
and intense exchange.

However, the curveball session at the end of the 
first day of the event illustrated the major challen-
ges yet to be resolved for hydrothermal techno-
logies to step into practice at larger scale. In the 
past, focussing on hydrothermal technologies as 
a stand-alone technology have not proven to be 
economically feasible. Today, hydrothermal techno-
logies should be understood as an integral part of 
modern biorefinery concepts pre-treating biomass, 
upgrading intermediates or post-treating residual 
streams.

One of these major challenges was intensely discus-
sed on the second day of the event. The necessary 
treatment of aqueous side streams of hydrothermal 
processes focusses on technologies like anaerobic 
digestion, wet oxidation, freeze drying and much 
more. The best option may turn out to be a com-
bination of those technologies to overcome draw-
backs of individual approaches.

I hope you enjoyed your time at DBFZ and in Leipzig 
with intense discussions, behind-the-scenes views 
into our labs and networking with like-minded peop-
le from all over Europe. I assure you, I did!

As scientific head of the event, I would like to thank 
you once again. Not only for your participation, 
but specifically for your intensive contribution on a 
professional scientific level, many new impulses and 
insights into your research topics. With your help, 
the Expert Forum on Hydrothermal Processes was 
a success and will be able to be a success in future 
editions.

With kind regards,

Impressions
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Aidan Smith, Aarhus University

Developing an oxygen assisted hydrothermal reactor for dewatering sludges

Aidan Smith
Aarhus University- Department of Biological and Chemical Engineering
Hangøvej 2, 5250, 242
8200 Aarhus N, Denmark
Phone: +45 (0)93521-215
E-Mail: aidan.smith@bce.au.dk

Abstract was not available at the time of editorial 
deadline.
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FUNDAMENTAL RESEARCH OF HYDROTHERMAL  
PROCESSES AND THE PRODUCTION OF CHEMICALS
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Filippo Marchelli, University of Trento

Simulating the fluid dynamics of a hydrothermal reactor

Filippo Marchelli
University of Trento- Department of Civil, Environmental and Mechanical Engineering
Via Mesiano 77
38123 Trento, Italy
E-Mail: filippo.marchelli@unitn.it

The industrial deployment of hydrothermal proces-
ses could be aided by modelling techniques, but 
the research on this topic has thus far been lacking. 
The thermo-fluid dynamic phenomena that take 
place within hydrothermal reactors are indeed com-
plex and reproducing them in simulations is non-tri-
vial. In this work, we show how to correctly take 
them into account to reproduce the behaviour of 
a bench-scale hydrothermal reactor, showing how, 
when dealing with plain water, natural convection is 
sufficient to guarantee a good thermal homogeneity 
even without an internal stirring element. 

We then proceed to discuss various approaches to 
correctly model biomass particles, showing how the-
se can complicate the simulative approach and in 
what cases the internal homogeneity of the reactor 
may be hindered. Various open questions remain 
and they will require interdisciplinary efforts.

Keywords: Modelling, simulation, thermal homogeneity, HTP reactor, hydrothermal processes
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Behnam Jabbari Kalkhoran, University of Trento

HTC of glucose to produce carbon materials for electrochemical applications: 
Preliminary results
Behnam Jabbari kalkhoran
Università di Trento- C3A - Center Agriculture Food Environment
Via Mesiano 77
38123 Trento, Italy
Phone: +39 (0)338 2064966
E-Mail: b.jabbarikalkhoran@unitn.it

This study investigates the conversion of glucose, 
representative of waste biomasses rich in car-
bohydrathes, into valuable carbon materials for 
electrochemical applications through hydrothermal 
carbonization (HTC). A controlled and systematic 
approach was employed to investigate the influen-
ce of key reaction parameters on the properties of 
the final product, hydrochar. HTC experiments were 
conducted in a 50 mL reactor filled to 70% capacity 
with an aqueous glucose solution in the presence 
of gaseous nitrogen atmoshpere. The feedstock-to-
water ratio was carefully varied (0.25, 0.5, and 1) 
to explore the impact of glucose concentration on 
the HTC process and resulting hydrochar. Reaction 
temperatures of 180 and 210 °C were chosen to 
investigate the influence of temperature on the 
degree of carbonization and the properties of the 
hydrochar. Additionally, reaction times of 30 minu-
tes and 3 hours were employed to understand the 
effect of reaction duration on hydrochar yield and 
characteristics. 

Following HTC, the reaction mixture was filtered to 
separate the liquid phase from the solid residue, 
the hydrochar. The hydrochar was dried in an oven 
at 105 °C to ensure complete removal of moisture 
and obtain the final product. The recovered hydroch-
ar holds great potential for utilization in electroche-
mical applications owing to its unique properties, 
such as high surface area and potentially enhanced 

electrical conductivity. This research contributes 
significantly to the development of sustainable 
waste valorization strategies by transforming readily 
available biomass into valuable functional materials 
for clean energy technologies. By understanding 
the relationship between process parameters and 
hydrochar properties, this study enables the targe-
ted synthesis of hydrochar with properties specifi-
cally tailored for high-performance electrochemical 
applications.

Keywords: Glucose, waste biomass, hydrochar, biomass, electrochemistry
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Andrés Acosta, Deutsches Biomasseforschungszentrum

Catalytic hydrothermal synthesis [HTS] of platform chemicals: Paving the way for 
an integrated biorefinery approach
Dr. Andrés Acosta
DBFZ Deutsches Biomasseforschungszentrum gemeinnützige GmbH
Torgauer Straße  116
04347 Leipzig, Germany
Phone: +49 (0)341 2434-451
E-Mail: andres.acosta@dbfz.de

Platform chemicals such as furans, especially 
furfural and 5-(hydroxymethyl)furfural (HMF), offer 
transformative potential. Sourced from renewable 
lignocellulosic biomass, they act as precursors for a 
diverse range of materials including biofuels, resins, 
and plastics. Positioned at the vanguard of bioe-
conomy, they hold promise for a more sustainable 
future. Hydrothermal conversion, among various 
biomass conversion technologies, stands out due to 
its adaptability to different feedstocks. It offers the 
advantage of utilizing water as the reaction medium 
and using hot water under pressure as a reaction 
medium, which improves the efficiency of acid cata-
lysts. However, the challenge remains in optimizing 
the production and purification of furans, undersco-
ring the importance of our research.

Our study investigates the catalytic hydrothermal 
synthesis (HTS) of furfural and HMF and its poten-
tial integration with cutting-edge processes, such 
as biomass fractionation using two-phase aqueous 
systems, as well as the electrochemical conversion 
of value-added derivatives 2,5-furandicarboxylic 
acid (FDCA) and 2,5-dimethylfuran (DMF). Our pro-
ject also explores the innovative integration of HTS 
with hydrothermal reactive distillation (HRD) and 
hydrothermal carbonization (HTC) for the simulta-
neous synthesis of platform chemicals and hydro-
chars. This dual-production capability emerges as 

a ground-break finding for the scientific community, 
paving the way for an integrated biorefinery appro-
ach.

Keywords:  Platform chemicals, Catalytic hydrothermal synthesis, biomass fractionation, Hydrolysate, Fur-
fural, 5-hydroxymethrylfurfural
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Svitlana Filonenko, Max Planck Institute of Colloids and Interfaces

Peculiarities of synthesis and properties of artificial humic substances

Svitlana Filoneko
Max Planck Institute of Colloids and Interfaces
Am Mühlenberg 1
14476 Potsdam, Germany
Phone: +49 (0)331 567-9511
E-Mail: Svitlana.Filonenko@mpikg.mpg.de

Carbon in the form of organic matter is a prerequi-
site for soil health, which is defined by beneficial 
mechanical and physicochemical characteristics 
required for soil to function as a base for a thriving 
ecosystem. Naturally formed organic matter, resul-
ting from the decomposition and recombination of 
plant and animal litter in soil or composting, is refer-
red to as humic matter. Increasing the carbon con-
tent in soil can be achieved artificially by applying 
sources of inorganic carbon, such as pyrochar, 
hydrochar, or biochar. The advantage of the latter is 
the ability to engineer its production and control the 
amount of added carbon. 

Artificial humic substances represent a technology 
that combines the benefits of natural composting—
specifically, the production of organic matter—with 
the engineering possibilities of biomass processing 
while preserving carbon during the process. These 
substances are designed for agricultural applica-
tions, with an emphasis on soil restoration and crop 
yield improvement, linked to the positive effects of 
humus in soil.

The process of preparing artificial humic substan-
ces can be chemically adjusted by adding a base, 
which modifies the resulting products both qualita-
tively and quantitatively in solid and liquid phases. 
The main product is an irregular polymer rich in 
acidic groups, exhibiting spectroscopic characteri-

stics similar to those of naturally occurring humic 
matter. In contrast to hydrothermal carbonization 
under neutral or acidic conditions—where aromatic 
compounds predominate—this modified hydrother-
mal synthesis, known as hydrothermal humification, 
primarily yields sugars and organic acids as low-mo-
lecular-weight compounds in the liquid phase. 
This composition is beneficial for methanization, 
resulting in a 40% increase in methane yield com-
pared to digestate or hydrothermal carbonization 
products. Additionally, the initial pH of the process 
influences phosphate crystallization, providing a 
mechanism for phosphate management in biogas 
production and agriculture.

The use of metal salts during hydrothermal humi-
fication enables the incorporation of these metals 
into artificial humic substances, enhancing their 
bioavailability. In particular, manganese-containing 
artificial humic substances improve manganese 
availability for cucumbers, while iron uptake in 
plants increases in the presence of artificial humic 
substances. These findings support the broad role 
of humic substances in soil mineral availability for 
plants.

Our research demonstrated the broad potential to 
modify hydrothermal synthesis products through the 
addition of a base, allowing for their tailored ad-
aptation to practical agricultural applications.

Keywords: hydrothermal humification, artificial humic substances, methanization, plant micronutrients, 
carbon sequestration
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Luca Fiori, University of Trento

Recovery of energy and platform chemicals from bioplastics through  
hydrothermal processes
Luca Fiori 
University of Trento- Department of Civil, Environmental and Mechanical Engineering
Via Mesiano 77
38123 Trento, Italy
Phone: +39 (0)461 282692
E-Mail: luca.fiori@unitn.it

The production of biodegradable plastics (or biopla-
stics) is growing exponentially, but how to best dis-
pose of them remains dubious, since they degrade 
at much lower rates compared to the other types of 
organic waste they are collected with. To overcome 
this problem, we have subjected various types of 
bioplastics to hydrothermal carbonization under 
various operating temperatures. The experiments 
showed that all types of bioplastics are affected by 
the process, getting disintegrated and hydrolysing 
partially or totally. 

If the hydrothermally treated bioplastics are fed to 
anaerobic digestion, much higher biogas producti-
on yields and rates are observed: a hydrothermal 
pretreatment could thus make bioplastics suitable 
for plants that treat organic wastes. Nonetheless, 
various analytical techniques revealed that the 
liquid product obtained from the process may cont-
ain various chemicals of industrial interest, such as 
lactic acid, succinic acid, levulinic acid, 5-HMF, etc. 
Especially if a residual bioplastic is available as a 
pure stream, a material valorisation may hence also 
be an interesting route.

Keywords: Bioplastics, hydrolysis, anaerobic digestion, hydrothermal process
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Catalytic hydrothermal liquefaction of PFAS

Neha Shukla, Maja Nguyen, Patrick Biller
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Per- and poly-fluoroalkyl substances (PFAS) are a 
class of recalcitrant organic pollutants characteri-
zed by their environmental persistence and poten-
tial adverse health impacts that eventually end up 
in wastewater treatment plants (WWTPs) where 
they are sorbed to the sewage sludge. Traditional 
remediation methodologies for PFAS, encompassing 
activated carbon adsorption, ion exchange resins, 
membrane filtration, soil washing, bioremediation, 
electrochemical oxidation etc, often encounter limit-
ations related to efficacy, cost, and scalability.

Hydrothermal Liquefaction (HTL) is a promising 
technology for converting organic compounds into 
smaller, less harmful molecules under subcritical 
or supercritical water conditions (200-374°C, 4-22 
MPa). HTL utilizes water as a reaction medium to 
facilitate the breakdown of complex molecules into 
smaller, less harmful compounds and potentially 
valuable hydrocarbons, making it an attractive 
option for PFAS degradation. PFAS degradation with 
HTL could be further improved by incorporating ca-
talysts, i.e., catalytic HTL. Therefore, this study aims 
to degrade the two legacy PFAS compounds, perflu-
orooctanesulfonate (PFOS) and perfluorooctanoic 
acid (PFOA), using spent hydrochar, a byproduct 
of HTL treatment of sewage sludge, as a catalyst. 
The influence of operational parameters such as 
pH, time and catalyst dosage on the efficacy of 

PFAS destruction was investigated.  The results 
demonstrated > 99% removal of PFOS and PFOA via 
defluorination, decarboxylation, and hydrolysis. The 
highest defluorination of PFOS (28.9±0.5 %) and 
PFOA (41.2±1.9 %) was achieved at 10 wt % spent 
hydrochar for 1 hour of HTL time. High defluorinati-
on of PFOA compared to PFOS could be attributed 
to the stability of the sulfonate group in PFOS. 

Overall, this study presents a potent and innova-
tive technology for PFAS degradation using spent 
hydrochar, contributing to a circular lifecycle of 
sewage sludge and providing a sustainable method 
for PFAS degradation. This approach integrates well 
with existing WWTPs, offering a viable pathway for 
the concurrent treatment of PFAS and other organic 
pollutants.

Keywords: Pollutants, sewage sludge, PFAS, hydrochar, life cycle
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Hydrothermal Liquefaction (HTL) is a thermochemi-
cal processing technology that has been receiving 
increased interest for converting abundant biomass 
into an organic phase, which can be further upgra-
ded to advanced fuels. However, the challenge of 
treating the aqueous byproduct needs to be addres-
sed when speaking about further commercialization 
of this technology. A potential treatment method for 
HTL aqueous phase (AP) is subcritical non catalytic 
Wet Oxidation (WO), a hydrothermal wastewater tre-
atment technology for highly polluted and refractory 
effluents. Organic compounds are oxidized in hot 
compressed water in the presence of an oxidative 
atmosphere (e. g. oxygen, air, hydrogen peroxide) to 
CO2, H2O, and small components (e. g. volatile fatty 
acids (VFA)) in an exothermic reaction.

The present study focused on HTL AP derived from 
a 1:1 mixture of straw and cattle manure feedstock. 
The investigated WO process was conducted in 
a continuous flow reactor at temperatures and 
residence times similar to HTL process (350°C, 12 
43 min). Air was used as O2 source in an equivalent 
of 0.5 2 times of Chemical Oxygen Demand (COD). 
Furthermore, a 35 % hydrogen peroxide solution 
was employed to simulate pure O2 as an alternative 
to air. The AP before and after WO treatment were 
characterized by different techniques, to observe 
changes in chemical oxygen demand (COD), total 
organic carbon (TOC) and nitrogen (TN), NH4+ and 
VFA content.

The main goal was to evaluate the oxidation effi-
ciency and heat generation to optimize process con-
ditions. Furthermore, the production of high value 
VFA and NH4+ in high concentration was favored to 
create downstream recovery possibilities. Prelimi-
nary results show an increasing Chemical Oxygen 
Demand (COD) removal rate up to 85 % for a resi-
dence time of 45 min and stoichiometric air equi-
valent supply. Furthermore, the relative increase in 
VFA content of TOC up to 78 % and NH4+ content of 
TN up to 80 % at 23 min was shown.

In conclusion, WO was successfully applied for the 
treatment of HTL AP derived from a mixture of cattle 
manure and straw with high removal of COD and 
increase of the VFA and ammonium portion in TOC 
and TN, respectively. Evaluating the results will give 
rise to determine optimal process conditions to 
treat the highly contaminated HTL AP while creating 
possibilities to recover heat and value added chemi-
cals in an integrated HTL WO system.

References:
1. Watson, J., et al., Valorization of hydrothermal 
liquefaction aqueous phase: pathways towards 
commercial viability. Progress in Energy and Com-
bustion Science, 2020. 77: p. 100819.
2. Debellefontaine, H. and J.N. Foussard, Wet air 
oxidation for the treatment of industrial wastes. 
Chemical aspects, reactor design and industrial 
applications in Europe. Waste Management, 2000. 
20(1): p. 15-25.

Keywords: Wet Oxidation, Hydrothermal Liquefaction, Process Integration



114 115Carolin Eva Schuck, Aarhus University Continuous wet oxidation of HTL aqueous phase derived from mixture of straw and cattle manure

8th Expert Forum on Hydrothermal Processes 8th Expert Forum on Hydrothermal Processes



116 117Carolin Eva Schuck, Aarhus University Continuous wet oxidation of HTL aqueous phase derived from mixture of straw and cattle manure

8th Expert Forum on Hydrothermal Processes 8th Expert Forum on Hydrothermal Processes



118 119Niels Dögnitz, Deutsches Biomasseforschungszentrum Could HTL pathways be economically viable for sustainable aviation fuel?

8th Expert Forum on Hydrothermal Processes 8th Expert Forum on Hydrothermal Processes

Niels Dögnitz, Deutsches Biomasseforschungszentrum

Could HTL pathways be economically viable for sustainable aviation fuel?

Niels Dögnitz 
DBFZ Deutsches Biomasseforschungszentrum gemeinnützige GmbH
Torgauer Straße  116
04347 Leipzig, Germany
Phone: +49 (0)341 2434-427
E-Mail: niels.doegnitz@dbfz.de

All forecasts for aviation indicate that the sector will 
continue to grow with increasing demand for fuel, 
which will, as one measure, require increased pro-
duction of sustainable aviation fuels (SAF). Various 
approaches have been discussed, tested and pro-
ven using all types of biomass and waste products. 
However, there are still many challenges and oppor-
tunities for optimisation, including the upgrading of 
the resulting products. This leads to very different 
statements regarding process design, efficiency and 
the need for auxiliary materials and process energy 
for each of the respective process routes. 

Based on the HTL pathway studied in ICARUS (In-
ternational cooperation for sustainable aviation bio-
fuels, EU project funded under GA No. 101122303), 
a dedicated data collection of existing techno-eco-
nomic assessments was applied to SAF production 
chains. This includes criteria such as Technology 
Readiness Level (TRL) and Fuel Readiness Level 
(FRL), as well as other Key Process Indicators (KPIs) 
related to technical and economic aspects. For the 
economic aspects, for example, SAF‘s production 
costs and market prices are reviewed. The econo-
mic analysis is important because it considers all 
major cost items along the supply chain from raw 
material supply to finished product, with a particular 
focus on the HTL stage.

Keywords: Sustainable aviation fuels, hydrothermal liquefaction, cost comparison, ICARUS,  
specific production costs
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The increasing global energy demand combined 
with the growing global population requires tech-
nology to sustainably provide energy. Arguably the 
most established scheme to convert wet waste 
biomass to energy is anaerobic digestion (AD) to 
produce biogas. One of the process’s main challen-
ges is the side product, commonly termed dige-
state, which still contains vast amounts of energy 
and carbon, around 50 % of the original biomass. 
State-of-the-art utilization is the application to agri-
cultural land, yet the amount which can be brought 
out to the fields is limited by law due to overfertiliz-
ation and GHG emissions. This leads to storing and 
transportation, oftentimes rendering the process 
uneconomical. Innovative treatment methods are 
required to overcome these obstacles and improve 
both energy extraction and nutrient recycling while 
minimizing environmental impact.

Hydrothermal liquefaction (HTL) can be used as an 
alternative technology to treat and valorize dige-
state. At near-critical conditions (647 K, 22 MPa), 
biomass decomposes and recombines to form an 
energy-dense biocrude, an aqueous phase (AP) 
rich in small organic molecules and a nutrient- and 
carbon-rich hydrochar. This study compares the HTL 
behavior by means of mass- and energy balances of 
three digestates: A digested sewage sludge, straw/
manure digestate and digested biogenic waste as 
well as their respective undigested feedstocks. Ge-

nerally, higher biocrude yield and thus energy reco-
very is found when using the undigested biomass, 
yet the overall energy recovery is higher when using 
the digestate, highlighting synergies of the two pro-
cesses. High nutrient recovery in the solid residue 
suggests its utilization as a carbon sink and soil 
amender. The experimental data was used to inform 
a process model using Aspen Plus ® software and a 
sensitivity analysis with regards to mass flow, input 
total solids (TS) and processing temperature was 
performed. Based on the equipment dimensioning, 
factorial methods were used to estimate CAPEX and 
OPEX of the two biorefining schemes 1) AD + HTL 
and 2) HTL plant to produce biocrude as the main 
energy product. The results highlight different paths 
for the investigated scenarios.

This presentation comparatively investigates the 
hydrothermal process for the utilization of digestate 
and waste biomass. This process can help solve 
a disposal problem that is particularly urgent in 
regions with intensive livestock farming and at the 
same time create a renewable fuel, i.e., the bio-
crude. A process model is developed on the basis 
of experimental results and used to techno-eco-
nomically assess the process and highlight, which 
added-value process is suitable and economical for 
which biomass.

Keywords: Hydrothermal liquefaction; waste valorization; Anaerobic digestion; techo-economic assess-
ment; Biofuels
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At DBFZ Leipzig, a pilot plant was developed and in-
stalled able to produce 819–930 m3/a (0.59–0.67 
t/a) of renewable methane, 5–7 t/a of solid and 
liquid fertiliser as well as around 2 t/a hydrochar. In 
addition, it is aimed for complete avoidance of was-
te streams, thus recycling process water streams 
within the plant. The process is intensely monitored, 
highly automated and continuously operated in a 
1000 m2 experimental area. The plant follows a 
holistic biorefinery approach and is composed of 
different state-of-the-art and innovative processes, 
such as methanation, fermentation, hydrothermal 
processes and several separation units. The pro-
cess is fed with 7–8 t/a biogenic residues/wastes 
and 2000–2900 m3/a (0.18–0.26 t/a) green 
hydrogen.

The pilot plant is part of a project called Pilot-SBG 
addressing important topics such as the cascaded 
use of biomass, circular economy, sector coupling, 
CO2 reduction as well as decentralised and regional 
energy production.

One of the highlights is the use of two hydrothermal 
processes. First, a mild hydrothermal pre-treatment 
is applied before the fermentation process allowing 
for an increased accessibility of digestible material 
for the microorganisms. Second, a more severe 
hydrothermal carbonization is applied generating 
additional products and increasing the overall busi-

ness case for the biorefinery concept.

The plant data is reproduced in a digital twin allo-
wing for even deeper studies in regards to demand 
side management analyses and chemical process 
optimisation, which are used for the publication 
of long-lasting, robust and economically compe-
titive commercial-size plant concepts. Based on 
preliminary lab-scale investigations and intensive 
literature reviews, a first commercial-scale concept 
was developed based on agricultural residues. At 
the moment, the commercial-size concept for the 
urban waste streams is developed. Looking into the 
potential of hydrochars in regards to quota trading 
from carbon capture applications is an essential 
part of this.

Both commercial-size concepts will be validated, 
updated as well as improved through the real time 
data from the pilot plant. We are in a progressed 
state of the commissioning process. Active research 
on the hydrothermal equipment is scheduled to 
begin in Q3/2024.

More insights into the project Pilot-SBG and its addi-
tional fields of research will be granted at  
https://www.dbfz.de/pilot-sbg.

Keywords: Renewable methane, pilot plant, biorefinery, hydrothermal pre-treatment,  
hydrothermal carbonization
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The board of BV-HTC e.V. is actually trying to get an 
overview about the still existing companies who are 
commercially engaged in HTC or VTC or PTC. The 
results will be presented in November in Leipzig.

Keywords: bluFlux, htc technology, overview, HTCycle
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•	Two agro-industrial wastes, namely grape marc 
from winemaking and apple pomace from apple 
juice production, were used to produce adsorbent 
media.

•	Different processes were utilized for the purpose, 
as single processes and in combination: HTC, 
pyrolysis, and CO2 activation.

•	The carbonaceous adsorbent media produced 
were tested for the removal of a pharmaceutical 
compound (namely, amitriptyline) present in 
aqueous streams.

•	The best results were obtained when using 
agro-wastes which underwent HTC, pyrolysis and 
activation in series.

Keywords: Grape marc, apple pomace, HTC, pyrolysis, CO2 activation, agricultural waste 
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RegioH2O is developing a nature-based technology 
for efficient decentralized wastewater recycling for 
irrigation in order to improve the resilience of urban 
and rural areas to increasing water scarcity. Com-
ponents of the innovative system are an aerated 
constructed wetland with an integrated vegetation 
layer and an adsorber derived from hydrothermal 
processing of sewage sludge for the removal of tra-
ce substances. The focus lays on the usage of grey-
water, which implies domestic wastewater without 
fecal contamination. To make the cities more water 
resilient, greywater treatment and reuse can be a 
sustainable solution to prevent discharge of greywa-
ter into the environment and reduce the import of 
freshwater into cities.

Therefore, an aerated vertical-flow constructed wet-
land will be built serving as the first water purificati-
on step. It consists of a glasshouse growing reeds, 
gravel, and an aeration system in the wetland bed 
(Rahman et al. 2023). Afterwards, the water is sent 
through a sand filter and undergoes a disinfection 
via UV-light or the treatment with hydrogen peroxi-
de. An additional water purification step using sus-
tainable activated hydrochar on the basis of sewage 
sludge is added. After the water purification, the 
water is used for watering plants. The main target of 
the project is a significant reduction of pollutants by 
the applied purification steps.

The circular use of sewage sludge is a main goal, 
since a by-product of industrial wastewater treat-
ment would then be reused for the purification of 
greywater. Hydrothermal carbonization offers bene-
fits in the form of a better mechanical dewatering 
compared to the initial feedstock and an increase in 
carbon content beneficial for the subsequent activa-
tion of the material. 

The hydrothermal reactions will be carried out 
under acidic conditions using citric acid for an 
additional look into the nutrient recycling by means 
of phosphorus. The nutrient depleted hydrochar is 
then thermally activated. This will be tailored accor-
ding to the sorption needs by a variation of tempe-
rature, heating rate, holding time, and gas compo-
sition. This talk is to present the general concept 
of the project and the significance of hydrothermal 
carbonization within the overall process.

References:
Rahman, Khaja Zillur; Al Saadi, Shamsa; Al Rawahi, 
Mohammed; Knappe, Jan; van Afferden, Manfred; 
Moeller, Lucie et al. (2023): A multi-functional 
nature-based solution (NBS) for greywater treat-
ment and reuse at the same plot. In: Ecological 
Engineering 191, S. 106952. DOI: 10.1016/j.eco-
leng.2023.106952.
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In recent years, there have been promising develop-
ments in the hydrothermal carbonisation (HTC) of 
sewage sludge and the potential to recover phos-
phorus and nitrogen from such waste streams. In 
this study, the HTC of digested sewage sludge (DSS) 
was investigated for the downstream production 
of heavy metal (HM)-free fertilizer and the usage 
of freeze concentration as a novel technology for 
process water treatment.

Phosphorus (P) was extracted from the hydrochar 
directly after the HTC treatment by acid leaching. To 
obtain clean fertilizer, phosphatic acid extracts were 
first treated with ion-exchange resins to remove 
dissolved HM, as well as phosphorus precipitating 
agents (i.e., aluminum and iron). Over 98 % of the 
aluminum (Al) and 97 % of the iron (Fe) could be 
removed in a single treatment step. The purified ex-
tract was then used for the precipitation of HM-free 
struvite crystals, with P-recovery rates exceeding 
89%. Compared to the mono-incineration of sewage 
sludge with P-recovery from the ash, HTC treatment 
enables also the recovery of nitrogen and the utili-
sation of the remaining hydrochar as a climate-neu-
tral energy source. It is therefore a key technology 
in the utilisation of moist biomass for achieving the 
global goal of a circular economy.

The HTC process consists of two main products, 
hydrochar and process water. While hydrochar is the 

product of interest, process water (PW) makes up 
the largest share and is very rich in dissolved orga-
nic compounds and nitrogen. Compared to evapora-
tion or membrane separation, freeze concentration 
is a promising technology for concentrating solutes 
from PW. Separation experiments resulted in the re-
covery of over 90 % of the dissolved compounds in 
the concentrate. In our study, the concentrate was 
later utilized as an ammonium source for struvite 
precipitation, and the subsequent aerobic digesti-
on of the remaining ice water resulted in an 85 % 
reduction in chemical oxygen demand (COD) in 15 
days.

Keywords: Hydrothermal carbonisation, digested sewage sludge, hydrochar, nutrient recovery, recycling 
fertilizer, ion exchanger, process water treatment, freeze concentration
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From hydrothermal carbonization to humification for soil carbon sequestration

Guilia Ischia
Max Planck Institute of Colloids and Interfaces
Am Mühlenberg 1
14476 Potsdam, Germany
Phone: +49 (0)331 567-9513
E-Mail: giulia.ischia@mpikg.mpg.de

How can we produce recalcitrant organic matter 
while improving soil health? Inspiration can come 
from natural humic substances, the complex bio-
macromolecules that form via biomass degradation, 
often referred to as “black gold” for their capacity 
to act as carbon sinks and regulate soil health. 
Recently, a novel technique called hydrothermal hu-
mification (HTH) has been developed to synthesize 
this humic matter from biomass under a pH-regula-
ted hydrothermal environment. 

This conversion process differs from classical 
hydrothermal carbonization (HTC) only by a pH 
modification. This work provides chemical insights 
into this emerging field of research. Several subs-
trates (glucose, cellulose, lignin, and wood) were 
hydrothermally treated under progressively varying 
pH conditions, transitioning from HTC to HTH. The 
resulting products – hydrochar, liquid phases, and 
humic substances – were thoroughly characterized 
using liquid chromatography, solid-state NMR, and 
analysis of composition and morphology. 

The results show that alkaline conditions trigger 
retro-aldol splitting, forming acidic species that neu-
tralize the environment. These species then partial-
ly condense with furans (formed from the pH drop), 
resulting in the formation of polymeric linear humic 
and fulvic acids with minimal non-solid residues 

(< 2 % mass yield). The data diverge from HTC pro-
ducts, instead rich in furans and leading to hydro-
char. These findings allowed for the construction of 
reaction pathways, highlighting the shift from HTC 
to HTH and elucidating the differences between the-
se processes. Finally, the artificial humic substan-
ces were compared with their natural counterparts, 
demonstrating their similarity in recalcitrance and 
their potential for soil carbon sequestration and soil 
health regulation.

Keywords: Soil health, biomacromolecules, carbon sinks, hydrothermal humification, hydrochar
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Lisa Röver 
DBFZ Deutsches Biomasseforschungszentrum gemeinnützige GmbH
Torgauer Straße  116
04347 Leipzig, Germany
Phone: +49 (0)341 2434-429
E-Mail: lisa.roever@dbfz.de

The German government‘s Climate Action Plan 
2050 includes measures to reduce the use of peat 
in hobby soils and growing media. The regulations 
are initially voluntary, but are recognized by the 
substrate industry. Therefore, research must be 
conducted on peat substitutes which are ecologi-
cally and economically feasible. HYTORF II aims 
at the use of biogenic residual materials and its 
hydrothermal conversion to obtain a peat substitute 
of high quality in terms of nutrient and salt content, 
degradation stability, and a stable N-balance. The 
biomass used here is green cuttings from flowering 
meadows.

Experiments in lab-scale were conducted and 
showed promising properties of water retention and 
growth. The optimal conditions were a relatively 
mild hydrothermal conversion of 150 °C and 30 
min holding time. To research the performance of 
this peat substitute under real conditions in soil 
mixtures, approx. 3 tons of hydrochar will be pro-
duced by HTCycle AG. These will then be dewatered 
to a water content of 50 % and subsequently mixed 
with soil by Störk GmbH. Detailed results and the 
upscaling will be presented.

This is the first approach of a hydrothermally pro-
duced peat substitute at an industrial scale. Next 
steps include the testing of the soil in growing expe-

riments, hydro-physical experiments, and having a 
look into the aging and storage behavior. Additional-
ly, this production is used for a detailed economic 
and ecological assessment of the production and 
the overall process.

Keywords: peat substitute, soil amendment, horticulture, green cuttings, hydrothermal conversion
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Chau Huyen Dang 
Leibniz Institute for Agricultural Engineering and Bioeconomy
Max-Eyth-Allee 100 
14469 Potsdam, Germany
E-Mail: hdang@atb-potsdam.de

Two types of coffee by-products can be produced re-
gionally in coffee-growing countries from the proces-
sing of coffee berries to coffee beans, depending 
on whether a wet or dry method is used. A similar 
amount of dry residue is generated in both types of 
coffee berry processing methods, i.e. approxima-
tely 1 kgDM of by-products per kgDM green coffee 
beans, however the type, handling and treatment 
requirements for the residues are different. In Viet-
nam, the processing sector is transitioning from dry 
to wet methods to improve the quality of the coffee 
beans, therefore, the amount of wet residues (e.g. 
pulp, mucilage, accompanied by wastewaters) being 
produced is increasing, alongside dry coffee husks. 
Incorrect disposal of the wet, biologically unstable, 
by-products can cause phytosanitary and environ-
mental impacts, besides wasting their potential as 
a source of carbon and nutrients NPK that can be 
utilized for fertilizing coffee farms. 

In this study, the use of the co-hydrothermal carbo-
nization process (Co-HTC) is being investigated to 
treat the two types of by-products simultaneously 
into carbon-rich material (hydrochar) to recover car-
bon and nutrients NPK for use as soil amendments. 
Experiments were carried out using a definitive 
screening design with six process variables to 
determine the influence of co-HTC conditions on the 
hydrochar properties, as well as the optimal process 

setting for obtaining the ideal recovery of carbon 
and nutrient applied as soil amendments afterward. 
The process conditions that were varied included: 
temperature (160 – 240 °C), holding time (1 – 5 h), 
pH value (7 – 13), solid content (15 – 25 wt%-db), 
agitation (0 – 200 rpm), and by-product mixture 
(from 100 % dry to 100 % wet). The changes in the 
hydrochars produced were evaluated in terms of 
their carbon and nutrient content. 

The presentation will discuss the potential of 
substituting hydrochar from coffee by-products for 
fertilizer on coffee farms. In addition, based on 
interviews of local stakeholders on their willingness 
to use the HTC products, an assessment of the 
socio-economic impacts of deploying such systems 
in the coffee sector will be presented.

Keywords: Coffee beans, fertiliser, hydrochar, soil improvement, HTC products
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Our Mission

The DBFZ was founded in 2008 by the former Federal Ministry of Food, Agriculture and Consumer Protec-
tion (BMELV) with the aim of establishing a central research institution for all relevant fields of bioenergy 
research and to network the results of the very diverse German research landscape in this sector. The 
scientific mission of the DBFZ is to provide comprehensive scientific support for the efficient integration of 
biomass as a valuable resource for sustainable energy supply within the framework of applied research. 
This mission encompasses technical, ecological, economic, social and energy management aspects along 
the entire process chain (from production to supply and utilisation). The development of new processes, 
procedures and concepts is accompanied and supported by the DBFZ in close co-operation with industrial 
partners. At the same time, there is close networking with public German research in the agricultural, fores-
try and environmental sectors, as well as with European and international institutions. Based on this broad 
research background, the DBFZ also develops scientifically sound decision-making aids for policymakers.
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