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Abstract

Hydrochar is a carbon-rich material made from biomass using hydrothermal carbonization. It is gaining interest as a potential
alternative to fossil fuels and soil amendment. However, hydrochar production requires careful management to minimize
potential environmental issues such as feedstock availability, greenhouse gas emissions, water usage and contamination,
waste management, and long-term impacts on soil quality and ecosystem health. Further research is necessary to optimize the
production process and to understand its environmental impacts. Hydrochar has varied applications, including soil remediation,
fuel source, and building material, but its production must be carefully managed to minimize negative environmental impacts.
Proper management and optimization of hydrochar production can help to maximize its potential benefits while minimizing
negative environmental impacts. Therefore, further research is crucial to optimize the hydrothermal carbonization process for
different feedstocks and to better understand the long-term environmental impacts of hydrochar production and application.
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Introduction

Hydrochar, also known as hydrothermal carbon or
biocarbon, is a solid material rich in carbon that is produced
by the hydrothermal carbonization (HTC) of biomass [1].
The HTC process mimics the natural coal formation process
by subjecting biomass to high pressure and temperature
in the presence of water, resulting in the production of a
solid product (hydrochar) and a liquid byproduct (aqueous
phase) [2,3]. Hydrochar has attracted attention in recent
years due to its potential as a renewable energy source
and its environmental applications [4,5]. In this paper, we
will explore the history, preparation, and applications of
hydrochar in environmental fields. The HTC process has been
studied for over a century, with the first patent for the process
filed in 1913 [6]. However, it was not until the 1970s that
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research into HTC gained momentum, with the discovery of
its potential as a coal substitute. In the early 2000s, interest
in hydrochar increased due to its potential as a renewable
energy source and its environmental applications [7].

Since then, numerous studies have been conducted to
investigate the properties and applications of hydrochar [8-
10]. In this paper, we will delve into the history, preparation,
and various applications of hydrochar in environmental
fields. Hydrochar has been used for soil amendment,
wastewater treatment, carbon sequestration, and as a fuel
for energy generation, among other applications [4]. Its
potential as a sustainable and environmentally friendly
alternative to fossil fuels has led to extensive research and
exploration of its properties and potential applications.
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Research Problem

Despite the increasing interest in hydrochar as a
sustainable environmental solution, there is a lack of
comprehensive understanding of its potential applications,
limitations, and the most efficient production methods.
Therefore, the research aims to investigate and evaluate
the environmental and economic benefits of hydrochar in
various fields, including agriculture, wastewater treatment,
and energy production, and to highlights the optimized and
cost-effective production methods.

Preparation Technique

Hydrochar preparation involves the hydrothermal
carbonization (HTC) process of biomass. Various types of
biomass feedstocks can be used for hydrochar production,
including agricultural wastes, forestry residues, and energy
crops [11]. The HTC process mimics the natural coal
formation process by exposing biomass to high pressure
and temperature in the presence of water [2]. During the
HTC process, the biomass is mixed with an aqueous solution
and heated in a reactor vessel at temperatures ranging from
180-250°C and pressures ranging from 10-40 bar for a
period of 30 minutes to 24 hours [12]. The high temperature
and pressure conditions cause the decomposition of the
biomass, resulting in the formation of hydrochar as a solid
product and an aqueous phase as a liquid byproduct [5]. The
properties of hydrochar can vary depending on the feedstock
and processing conditions used. Hydrochar produced
from lignocellulosic biomass has been found to have high
carbon content, low oxygen content, and high heating value.
Furthermore, hydrochar produced from different biomass
feedstocks has been shown to have different surface areas,
pore volumes, and pore sizes, which affect its applicability
in various fields. Therefore, the selection of the appropriate
biomass feedstock and processing conditions is crucial for
obtaining hydrochar with desired properties for specific
applications [11,13].

Hydrochar Chemical Structure

The chemical structure of hydrochar varies depending on
the feedstock and process conditions used for hydrothermal
carbonization. Hydrochar typically consists of carbon,
organic and inorganic compounds, nitrogen, and sulfur.
The carbon content in hydrochar can range from 40% to
90% depending on the feedstock and process conditions.
Hydrochar produced from lignocellulosic biomass, such as
wood or agricultural waste, typically has a higher carbon
content than hydrochar produced from more complex
feedstocks, such as municipal solid waste or sewage sludge
[1,14].
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The organic compounds in hydrochar consist of various
functional groups, such as carboxylic acids, phenols, and
ketones. These functional groups can affect the reactivity and
stability of hydrochar, as well as its potential applications
[15]. Inorganic compounds, such as phosphorus, potassium,
and calcium, are also present in hydrochar, and can contribute
to its potential as a soil amendment [16].

Nitrogen and sulfur are two elements commonly found
in hydrochar and can have important implications for its
potential use in soil remediation. Nitrogen can enhance
plant growth and soil fertility, while sulfur can act as a
nutrient source and improve soil pH. However, excessive
nitrogen and sulfur content in hydrochar can potentially
lead to environmental issues, such as eutrophication and
acidification of soils and water bodies [17].

The chemical structure of hydrochar can also be
influenced by the hydrothermal carbonization process
conditions, such as temperature, pressure, and residence
time. These process parameters can affect the chemical
composition and structure of hydrochar and can potentially
impact its potential applications. For example, hydrothermal
carbonization at higher temperatures and pressures can lead
to the formation of more stable and recalcitrant hydrochar,
which may have a longer-term impact on soil quality and
carbon sequestration [18].

Overall, the chemical structure of hydrochar is complex
and influenced by a variety of factors. Understanding
the chemical composition and structure of hydrochar
is important for optimizing its production process and
identifying potential applications in various fields [19].

Hydrochar characterization

There are several standard methods for characterizing
hydrochar, which can provide valuable information on its
chemical composition, physical properties, and potential
applications. One commonly used method is proximate
analysis, which measures the elemental composition of
hydrochar, including carbon, hydrogen, nitrogen, sulfur, and
oxygen. This can provide insight into the fuel properties and
potential energy applications of hydrochar [20].

Another standard method for characterizing hydrochar
is ultimate analysis, which provides a more detailed analysis
of the elemental composition of hydrochar. This includes the
determination of organic and inorganic carbon, as well as
the presence of trace elements, such as metals and halogens
[21]. Other methods for characterizing hydrochar include
Fourier-transform infrared (FTIR) spectroscopy, which can
provide information on the functional groups present in
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hydrochar, and thermogravimetric analysis (TGA), which can
measure the thermal stability and degradation of hydrochar.
Additionally, scanning electron microscopy (SEM) and X-ray
diffraction (XRD) can provide information on the physical
properties and morphology of hydrochar [22].

Standard methods for characterizing hydrochar can
be important for ensuring consistency and quality in
the production process, as well as identifying potential
applications and optimizing process conditions. However, it
is important to note that the characterization of hydrochar
is a complex process and can be influenced by a variety of
factors, including feedstock, process conditions, and analysis
methods. Therefore, a combination of characterization
techniques may be necessary to fully understand the
properties and potential applications of hydrochar [4].

Environmental
Production

Impacts of Hydrochar

Hydrochar production can have both positive and
negative environmental impacts. Here are some of the
environmental issues related to hydrochar production:

Feedstock Availability

One potential environmental issue with hydrochar
production is the availability of suitable feedstocks. If large
amounts of agricultural or forestry residues are used as
feedstock, this can potentially compete with other land uses,
such as food production or wildlife habitats [23].

Greenhouse Gas Emissions

Hydrochar production can potentially result in
greenhouse gas emissions, particularly if fossil fuels are used
for energy or if the process is not optimized to minimize

emissions. However, if renewable energy sources are used
and the process is optimized, hydrochar production can
potentially result in net carbon sequestration [24].

Water Usage and Contamination

Hydrothermal carbonization requires significant
amounts of water, which can potentially strain local water
resources. In addition, if the hydrochar production process
is not properly managed, it can potentially result in water
contamination through the release of pollutants [25].

Waste Management

Hydrochar production can potentially result in waste
products such as liquid effluent or ash, which require proper
management to prevent environmental harm [26].

Land Application

One potential environmental benefit of hydrochar
production is its use as a soil amendment, which can improve
soil fertility and reduce greenhouse gas emissions from soils.
However, the long-term environmental impacts of hydrochar
application on soil quality and ecosystem health are still
being studied [27].

Overall, the environmental impact of hydrochar
production depends on a range of factors, including the
specific feedstock and production process used, as well as the
management practices employed. Proper management and
optimization of hydrochar production can help to minimize
negative environmental impacts while maximizing potential
benefits [28]. Pros Vs. Cons of hydrochar production can be
summarized in (Figure 1).

-

Figure 1: Pros Vs. Cons of hydrochar production.
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Hydrochar Production Process

The components of a hydrochar factory may vary
depending on the size of the facility and the specific process
being used [29]. However, here are some of the common
components that may be found in a hydrochar factory as
explained in (Figure 2).

Figure 2: The common components that may be found in
a hydrochar factory.

Feedstock Handling and Preparation

This component includes equipment for receiving,
storing, and preparing the biomass feedstock for
hydrothermal carbonization. It may include grinders,
shredders, and conveyors.

Hydrothermal Carbonization Reactor

This is the main component of the hydrochar factory
and is used to convert the biomass feedstock into hydrochar
through high-pressure, high-temperature treatment.

o J

Separation And Dewatering

After hydrothermal carbonization, the hydrochar slurry
is separated from the liquid phase and dewatered to reduce
the water content. This may be done using equipment such
as centrifuges, filter presses, or vacuum dewatering systems.

Hydrochar Conditioning and Storage

The hydrochar may need to be conditioned to achieve
the desired properties and may be stored in silos or other
storage containers.

Energy Generation and Utilization

The hydrochar factory may incorporate systems
for generating and utilizing energy from the hydrochar
production process, such as steam turbines or gas engines.

Emissions Control and Waste Management

The hydrochar factory may include equipment and
systems for controlling emissions, such as scrubbers or
filters, as well as waste management systems for handling
byproducts or waste materials generated during the
production process.

It's worth noting that the components and layout of a
hydrochar factory can vary significantly depending on the
specific process being used and the desired product outputs.

Opportunities and Limitations of Hydrochar

Opportunities and limitations of hydrochar production
can be summarized in (Table 1).

Opportunities

Limitations

Sustainable alternative to fossil fuels

Limited feedstock availability

Soil amendment

Greenhouse gas emissions

Reduces waste management needs

Water usage and contamination

Potential for carbon sequestration

Long-term impacts on soil quality and ecosystem health

Can be produced from various biomass
sources

Chemical structure and quality heavily influenced by process conditions

Can be converted to various high-value
products

More research needed to fully understand long-term environmental impacts

Can enhance soil fertility and improve crop
yields

Potential negative impact on food security if biomass is diverted from food

production

Table 1: Opportunities and limitations of hydrochar production.
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Opportunities

Renewable Energy Source: Hydrochar is made from
biomass, which is a renewable energy source. This makes ita
sustainable alternative to fossil fuels [30].

Carbon Sequestration: Hydrochar has the potential to
sequester carbon and reduce greenhouse gas emissions [31].
This can help mitigate the effects of climate change.

Soil Remediation: Hydrochar can be used to improve soil
properties and reduce the bioavailability of heavy metals and
organic pollutants in soil [31].

Wastewater Treatment: Hydrochar can be used as an
effective adsorbent for the removal of heavy metals and
organic pollutants from wastewater [32].

Cost-Effective: The production of hydrochar is relatively
simple and can be done on a small scale, making it a cost-
effective alternative to traditional wastewater treatment
methods [33].

Limitations of Hydrochar Production

Energy-Intensive: The hydrothermal carbonization process
requires high pressure and temperature, which can be
energy-intensive [34].

Feedstock Availability: The availability of biomass
feedstocks for hydrochar production can be limited in certain
regions [35].

Hydrochar Quality Variability: The quality of hydrochar
can vary depending on the feedstock used and the process
conditions [28].

Limited Research: More research is needed to fully
understand the properties and applications of hydrochar,
including its long-term stability and potential environmental
impacts [36].

Competition for Land Use: The production of biomass for
hydrochar may compete with other land uses, such as food
production or habitat conservation [4].

Results Interpretation:

The data presented in this study reveals that the
production of hydrochar can have both positive and negative
impacts on the environment. Potential environmental issues
associated with hydrochar production include challenges
with sourcing sufficient feedstock, greenhouse gas emissions,
water usage and contamination, waste management, and
land application. It's important to note that the specific
environmental impacts of hydrochar production depend
on various factors such as the type of feedstock used, the
production process employed, and the management practices
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employed [37]. Therefore, itis crucial to optimize and manage
hydrochar production practices effectively to minimize
negative environmental impacts while maximizing benefits.
In light of these findings, further research must be conducted
to better comprehend the long-term environmental impacts
of producing hydrochar, especially with regards to its land
application as a soil amendment [38].

Overall, this study underscores the significance
of employing responsible and sustainable hydrochar
production practices to reduce its negative environmental
impact. In recent years, the production and use of hydrochar
have garnered significant attention, including its potential
as a sustainable and eco-friendly alternative to traditional
fossil fuels. While the data suggests the benefits of hydrochar
production, it's important to consider the potential
environmental impacts that can, and do, occur [39]. The
findings of this study highlight the need for responsible
and sustainable hydrochar production practices that
prioritize minimizing negative environmental impacts. One
potential environmental impact of hydrochar production is
greenhouse gas emissions [24]. Depending on the production
process used, hydrochar production can contribute to
carbon emissions, which can further exacerbate climate
change [40]. In addition to this, the production of hydrochar
requires a substantial amount of water, and practice in areas
experiencing water scarcity could negatively impact water
quantities available for agricultural and domestic uses [1].

Another environmental concern related to hydrochar
production is the potential for water contamination. The
production of hydrochar involves the use of large quantities
of water, which can result in waste products and effluents
that may contain pollutants, such as heavy metals, and
various toxins [36]. As a result, proper waste management
techniques that prioritize the protection of the environment
and public health will be critical in minimizing these impacts
[4]. Overall, while the production and use of hydrochar offer
several benefits, it is essential to understand and consider
the negative environmental consequences that can result. By
adopting responsible and sustainable hydrochar production
practices that prioritize the mitigation of environmental
impacts, the potential benefits of hydrochar could be
leveraged while minimizing any negative effects.

Conclusion

In conclusion, hydrochar production has garnered
significant interest due to its potential as a sustainable
alternative to fossil fuels and as a soil amendment. However,
its production requires careful management to minimize
potential negative environmental impacts such as limited
feedstock availability, greenhouse gas emissions, water
usage and contamination, waste management, and long-
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term impacts on soil quality and ecosystem health. Various
feedstocks and process conditions can affect the chemical
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