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Abstract
The dewaterability of sewage sludge is improved by hydrothermal treatment; however the solid hydrochar produced 

has to be improved in order to be used for energy production [1]. A effective technique that also increases dewaterability 
is hydrothermal co-carbonization of fuel additives and sewage sludge [2]. So, hydrothermal carbonization of sewage 
sludge including 10% charcoal, 10% oak sawdust, and 10% and 20% fir sawdust was accomplished [3]. The samples' 
physical and chemical characteristics were examined and contrasted before and after the treatment. Dewaterability 
tests using capillary suction time and filtering were carried out [4]. Hydrochars' fuel qualities, including thermal analysis, 
higher heating values, and ultimate and proximal analyses, were identified [5]. The operational risk indices were 
discovered based on the composition of the ash. Additionally, the complete combustibility index and the combustion 
kinetic index were computed [6].
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Introduction
In addition to having a high organic content, sewage sludge also 

includes microorganisms, heavy metals, and organic pollutants [7]. 
It is one of the main waste products produced during the municipal 
wastewater treatment process [8]. This presents operational challenges 
because of its size, quantity, high moisture content, and offensive odour 
[9]. There are numerous ways to dispose of it at the moment [10]. The 
most popular methods are, among others: incineration, agricultural 
application,  Land reclamation and landfilling [11]. Despite making 
up just 13% of the total volume of wastewater, Poland produced 1,000 
tonnes of dry mass sewage sludge in 2019 [12]. However, more over 
6,000 tonnes had already accumulated in the vicinity of the wastewater 
treatment facilities, which is more than twice as little as in the year 
2000 [13]. Despite the issues they have caused, wastewater sludge 
circular economy [14]. The neutralisation of sludge and the removal 
of water are major issues for sewage treatment facilities [15]. The 
use of conditioning is one strategy for addressing these issues. This 
makes dewatering possible and effective. It can be done by applying 
different mineral additions or by employing chemical or physical 
operations including washing, freezing, and thermal conditioning. As 
a filter assist or skeleton builder, the inclusion of porous material can 
reduce compressibility and enhance permeability, aiding the filtration 
process. Other physical processes employ an electrical field or acoustic 
waves during the sonication process. Coagulation, pH fluctuation, and 
sophisticated oxidation processes can be identified among chemical 
conditioning techniques. However, using thermochemical techniques 
assures that sewage sludge has been completely disinfected. Thermal 
utilisation can be employed if water has been successfully removed 
to a moisture content of at least 60%. The most significant and well 
researched methods of using thermal waste are pyrolysis, gasification, 
combustion, and co-combustion with other fuels. Additionally, laws 
and regulations apply. Enforce the SS's thermal utilisation approach 
development.

Discussion
For  A most expensive areas of investment in environmental 

protection in Poland during the past 20 years have been wastewater 
management, water protection, air and climate protection, and 
protection of water resources. The overall amount of investments in 

2019 was approximately 6000 million PLN. Thus, 56 additional 
wastewater treatment facilities were built, totalling 3278 of these 
facilities at the end of the year. In Poland, sludge incineration facilities 
are now being constructed, despite their number is not enough for 
because sewage sludge needs to be dried, stabilised, and dewatered 
before going through a particular pretreatment procedure to be burned. 
As a result, they are mostly found in big cities. It must first dry the 
muck before is thickened either naturally or mechanically. The physical 
and chemical characteristics of SS are altered as a result of these 
activities, and as a result, the chemical composition of sewage sludge is 
not only changeable but also dependent on a number of variables, 
including the kind of treated sludge and the techniques used. Another 
argument in favour of physical conditioning techniques is that they are 
less susceptible to changes in the treated material. In recent years, 
effective waste management techniques and potential uses for sewage 
sludge have been researched a lot of moisture one of the major logistical 
and economic challenges is the content in sewage sludge, therefore a 
solution is required. In their thorough analysis of the dewatering of 
sewage sludge, Wu et al. made several noteworthy and reliable 
observations. In addition to the thermal utilisation process, water 
removal from sewage sludge is also done to reduce sludge volume and 
make it easier to treat. And boost the overall effectiveness of the disposal 
process. Water in the SS that is bound in various ways and highly 
hydrated colloidal structures of microbial aggregates are both sources 
of issues with sludge dewatering. Free water, also known as moderately 
mobile water, interstitial water, which is mechanically confined in floc 
structures, vicinal water, which is next to, and Viscosity, compressibility, 
and porosity among these elements impacting water removal should be 
distinguished from rheological qualities. Additionally, there are a 
number of other crucial characteristics to take into account, such as 
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particle size, surface charge, micromorphology, and the quantity and 
make-up of extracellular polymeric compounds. The latter creates a 
layer of microbial aggregates on the surface; as a result, they engage in 
interactions with water molecules and affect the hydrophobic and 
hydrophilic characteristics of flocs.  Sewage sludge's structure may 
change as a result of hydrothermal treatment. Dewaterability may be 
improved by removing hydrophilic functional groups from organic 
components. The HTC of wet sewage sludge is based on complicated 
processes that take place in an aqueous environment at high pressures 
and temperatures. It transforms sludge into a more uniform and 
energising state. The primary variables in this process relate to 
temperatures. Ruksathamcharoen has described employing particular 
pressure levels to speed up feedstock deterioration. Usually, a built-in 
stirrer is employed to ensure that the reactions will occur similarly 
across the volume of the reactor. the use of increased pressure and 
temperature  guarantees that aromatization, polymeric condensation, 
dehydration, hydrolysis, and decarboxylation all take place. These 
responses interact with one another rather than occurring 
independently. There have been several studies of the hydrothermal 
carbonization process and experiments to forecast the characteristics 
of the end products. Three states of matter are used to make items using 
the HTC method. The majority of the gas product, which comprises a 
few percent of the input mass, is CO2. The initial moisture content 
affects the ratio of the liquid and solid product. drops as a result of the 
release of water and carbon along with the leaching of certain substances 
into the fluid  As a result, the H/C and O/C molar ratios decrease, 
yielding values that are more similar to those of coal. The characteristics 
of this process basically set it apart from biological methane or alcohol 
fermentation methods, which heavily rely on the activity of 
microorganisms. Due of the sewage sludge's high water content, HTC 
technology appears to be a Suitable pretreatment technique. The main 
benefit of HTC is its lower energy usage as opposed to the more 
expensive pre-drying of sewage sludge in a traditional incineration 
facility. Additionally, the water that was removed from the sludge can 
be put back into Hydrochar generated in HTC systems can be utilised 
for further thermal conversion to create energy by gasification or direct 
combustion. Despite several studies on sewage sludge hydrothermal 
carbonization, fresh research has been done on the combustion of 
Hydrochars made from sewage sludge. The hydrochar may also be 
utilised as fertiliser. The research is concerned with the HTC of dry SS 
and is centred on the co-carbonization of sewage sludge with 
agricultural waste. Recently, a new pattern has emerged that suggests 
adding various chemicals with sewage sludge can improve the 
hydrothermal process' beneficial outcomes. Many researches 
concentrate on the Hydrochars received fuel qualities.` has to do with 
the HTC of dried SS. Recently, a new pattern has emerged that suggests 
adding various chemicals with sewage sludge can improve the 
hydrothermal process' beneficial outcomes. many scientists concentrate 
on the Hydrochars' fuel qualities The addition of biomass is 
characterised by a greater carbon and lower ash content, which may 
enhance the Hydrochars' overall composition. Additionally, greater 
calorific values and energy yields of the generated Hydrochars were 
recorded following the hydrothermal process, aided by the additives. 
Other Researchers looked on how heavy metals moved after Just a few 
studies looked at changes in the sludge's capacity to be dewatered after 
hydrothermal treatment. T presents an overview of recently released 
studies. According to him and Azzaz, the organic additions did in fact 
improve the carbon content and greater heating value of the Hydrochars 
that were produced, while also making the combustion process more 
stable. After the hydrothermal process, heavy metals were said to be 
trapped in solid fraction in a more immobilised state. Resulting in a 
liquid phase purification that is simpler. Considering the depletion of 

natural resources like phosphate ore, the recovery of phosphorus is 
another crucial factor. Nitrogen release routes are changed as a result of 
hydrothermal treatment, which causes volatile nitrogen to be released 
during the combustion of hydrochar, such as. NH3. This makes it easier 
for NH3 and NO to react, which lowers the likelihood of NOx 
emissions.  Furthermore, complete the shift from a laboratory to a 
commercial scale as well as the identification of the ideal conditions for 
maximum energy and resource recovery may be aided by studies on 
improving the dewaterability of sewage sludge. Additionally, it will 
enable a reduction in the quantity of wastewater's unpleasant 
byproducts. Treatment plant procedures to the best of the authors' 
knowledge, little research has been done on the dewaterability and 
combustion characteristics of hydrothermally co-carbonized sewage 
sludge and biomass. The authors' desire to conduct research focusing 
on both dewaterability and the fuel characteristics of hydrochar is 
motivated by this. Charcoal oak sawdust 10% db and fir sawdust 10% 
and 20% db HTC of sewage sludge and biomass additions, respectively, 
were done. The HTC process, both before and after, the Central Sewage 
Treatment Plant Radzionkow, Poland, provided the sewage sludge for 
this investigation, which was then digested and pre-concentrated to 
82.8% moisture content. It had a very solid consistency and needed to 
be diluted before the hydrothermal process. The moisture content had 
to be raised to 89.4% with the addition of distilled water to offer any 
effort, the sewage sludge was stirred. In the meanwhile, SS was kept at 4 
degrees to maintain its chemical and physical characteristics. In the 
studies that followed, various additives were tested to see which one 
would best improve the dewaterability and combustion characteristics 
of the hydrochars generated. Charcoal and two different kinds of 
lignocellulosic biomass were employed. Oak sawdust, as an illustration 
was examined. After being pulverised in a roller mill to an analytical 
condition below 0.2 mm, charcoal that was readily accessible was 
employed. Polish sawmill at Libertow provided oak sawdust that was 
less than 1 mm in size. The firm was provided as branches, which were 
then processed into chips using an electric planer. It was then knife 
milled to a thickness of under 1 mm.

Conclusion
The biomass was air dried at ambient temperature and stored 

in open containers before the testing. The experimental set up for 
hydrothermal carbonization consists of a Zipperclave Stirred Reactor, 
Parker Autoclave Engineers, USA, with a built-in stirrer, a cooling coil 
within, and an electric heater. a heating mantle outside. It can function 
at temperatures of up to 232 C and pressures of up to MPa. On the 
control panel, the temperature and stirrer speed may both be adjusted. 
700 cc of diluted sewage sludge was initially added to the reactor in 
the test stand's schematic diagram, which is displayed in the next 
section. The temperature and residence time for the hydrothermal 
carbonization process were fixed at 200 C and 2 h, respectively, with 
a stirrer speed of 150 RPM. The composition of the feedstock acted 
as the sole variable. First, untreated sewage sludge every addition was 
handled. Then, several additions were utilised with charcoal.` Before 
further testing, the obtained slurry was kept in sealed containers. 
Capillary suction time testing and filtering tests were performed on 
raw sewage sludge and the hydrothermally treated sludge obtained 
from each run to look at changes in dewaterability. Using a CST metre, 
CST was performed in accordance with EN. Sludge was poured within 
a cylinder that measured 18 mm in diameter and 25 mm in height, 
which was set on filter paper. The capillary action of the sludge's water 
caused it to move through the paper, and the test's findings were 
obtained by timing the intervals between sensors at 32 mm and 45 mm 
diameter circles. The reported timeframes were substantially shorter 
when water and the sludge showed a slight attraction for one another. 
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A hydraulic pressure is used for filtering testing. Were on the job. To 
get the lowest moisture content in the first one, the traditional three-
step filtering method was applied. The second was a one-step filtration 
under continuous pressure to examine how simple the dewatering 
procedure was. The hydrochars were dried at 105 C and kept for future 
examination after the moisture content of the obtained filter cakes was 
determined using the moisture analyzer AXIS BTS. Similar to that, the 
filtrate was gathered and kept for examination in sealed containers. 
In order to determine how the additives and created hydrochars will 
affect the characteristics of sewage sludge, a thorough investigation 
of both was performed. To assess the contents of moisture, ash, and 
volatile matter, proximate analysis was used. Throughout all sewage 
sludge analyses, the production of biomass and charcoal followed all 
legal regulations. According to, the moisture content was calculated. 
Determining the moisture content before, during, and after the 
hydrothermal carbonization process as well as after the filtering 
procedure allowed for the calculation of mass yield and water removal 
efficiency, which led to the estimation of the dewaterability Ash and 
explosive according to EN and, the matter content was identified. They 
are highly significant factors that affect the combustion process, hence 
regulation is required. According to PKN-ISO/TS, final analysis was 
completed utilising the True spec LECO CHNS628 Analyzer. The 
examined sample is completely and completely burned at 950 C in 
oxygen for the examination of carbon, hydrogen, and nitrogen; the 
analysis of sulphur content is carried out at 1350 C. oxygen Content 
of the samples was determined on a dry basis using the Mettler 
Toledo analyzer, STAR System TGA/DSC 3 HT 1600, to perform a 
thermogravimetric analysis of dried sewage sludge and hydrochars. In 
an air environment with a flow rate of 50 ml/min and varying heating 
rates of 5, 10, and 20 K/min, around 5 mg of the sample was burned. 
The weight fluctuates as the temperature rises linearly, as seen by the 
TG curves.  The thermal impacts were continually monitored in the 
form of the DSC curve. DTG curves were created using mathematical 
adjustments. Table 2 shows the outcomes of ultimate and proximal 
analysis, which were supported by high heating values. Sludge that 
has undergone hydrothermal treatment had its moisture content 
assessed. Instantly following filtering. After the samples had dried 
properly, further variables were checked. Ash content increased from 
36.49% to 52.04% as a result of hydrothermal carbonization; however 
the additive's presence attenuated that unfavourable outcome, which 
fructified with highly excellent outcomes. Lower biomass ratios were 
used in this investigation to further enhance efficiency and look 
into possible advantages. As previously mentioned, the results of 
the attained moisture content and the notable reduction in filtering 
time are more than positive. Tests on sedimentation showed that the 
hydrothermal process alone alters the sludge, allowing the liquid and 
solid phases to spontaneously separate.
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