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Abstract
One of the most serious problems humanity faces is the increasing pollution of soils over time, leading to a reduction in 
the area where fruits, vegetables, and agricultural products are grown due to the escalating soil contamination. One of 
the most effective methods to prevent soil crisis could be the reprocessing of anthropogenic waste that harms nature to 
some extent. The reprocessing of human-generated wastes, such as sewage sludge (SS), plays a critically important role 
in eliminating soil pollution. Currently, sewage sludge management is a significant issue in environmental engineering. 
Sewage sludge is a residue similar to mud originating from wastewater treatment. This sewage waste contains attractive 
levels of nitrogen (N) and phosphorus (P) from an agricultural perspective, and its use as a soil improver in agriculture has 
been observed. However, since sewage sludge contains various harmful substances such as heavy metals, pharmaceuticals, 
certain pathogens, and toxic organic compounds, applying untreated sewage sludge can pose a threat to human health and 
the environment. Therefore, proper processing and disposal of sewage waste are crucial to minimize potential risks to human 
health and the environment. Pyrolysis, a thermal treatment, can be employed to address environmental issues like these. 
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Introduction
Currently, inappropriate farming techniques, indiscriminate use 
of fertilizers and pesticides lead to soil degradation, a decrease in 
soil organic matter, and adverse effects on plant growth. Among 
the methods contributing to soil improvement, the use of sewage 
sludge has become increasingly popular in recent years [1, 2]. 
Sewage sludge, a waste product derived from sewage treatment 
in wastewater treatment plants, has agriculturally suitable levels 
of N (%1.5-4.0), P (%0.3-1.2), and organic carbon, making it a 
soil conditioner that has been used for centuries to sustain pro-
ductivity in agricultural soils [3].

However, sewage sludges have diverse sources, and their con-
tents vary. The quantity of sewage sludge depends on the de-
gree and characteristics of wastewater pollution, the processes 
applied in the treatment plant (physical, physiochemical, biolog-

ical, etc.), and the quality of the treatment. Nevertheless, the pro-
cesses applied for the treatment and disposal of sewage sludge in 
treatment plants are often inadequate. This inadequacy may arise 
from either the failure to construct the units envisaged during the 
planning stage or the unhealthy operation of existing units [4]. 
Additionally, the application of untreated sewage sludge, along 
with pathogens, raises health concerns due to organic and in-
organic pollutants [3]. Various studies have identified that such 
sludge containing heavy metals like lead (Pb), arsenic (As), and 
chromium (Cr) pose a carcinogenic risk, especially for children 
[5]. Due to these reasons, the direct use of sewage sludge as a 
soil conditioner in agriculture is an insufficient and not recom-
mended solution.

While sewage sludge is hardly used for agricultural purposes in 
Belgium, the Netherlands, and Sweden, in Germany, the United 
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Kingdom, France, and Portugal, 30-70% of the produced sludge 
is used for agricultural purposes. As of the end of 2018, the 
number of wastewater treatment plants serving approximately 

83% of the Turkish population, equivalent to 54,484 tons of dry 
sludge daily, has reached 991 [4].

Figure 1: Disposal Methods of Sewage Sludge in Turkey, EU and USA

Newly emerging pollutants such as pharmaceuticals, personal 
care products, flame retardants, and micro-plastics have further 
heightened concerns regarding the agricultural use of sewage. 
Processes like composting and anaerobic digestion can, at best, 
only partially address the associated health issues [6].

The pyrolysis method allows the conversion of sewage sludge 
into biochar. The biochar obtained captures toxic elements such as 
copper (Cu), cadmium (Cd), and chromium (Cr) that were present 
in the sewage sludge, rendering them inert and preventing them 
from mixing with the soil. One issue with the material obtained 
through pyrolysis is its low potassium (K) content. The addition 
of potassium is necessary to enhance the absorption of phosphorus 
into the soil. One of the crucial features of the project is to increase 
the amount of potassium in biochar, thereby enhancing its effec-
tiveness as a fertilizer. For this purpose, potassium acetate salt is 
used in the project. The soil-improving properties of the biochar 
obtained are supported by laboratory analyses.

Utilizing biochar derived from sewage sludge that would other-
wise poison the soil can significantly contribute to solving envi-
ronmental problems. The goal of the project is not only to use the 
final product as a fertilizer in agriculture but also to clean soils 
affected by human-made wastes. This report will highlight the se-
verity of soil and sewage waste problems and explain how the 
solution addresses these issues. Additionally, you can find detailed 
information about the innovative aspects and applicability of the 
method. After providing estimated cost for the project, the target 
audience is discussed. Factors that could negatively impact the 
project are also identified, and a bibliography of literature used is 
included.

Solution
In response to the serious attention given to this issue by the gov-
ernment in recent times, I envision contributing by transforming 
sewage sludge accumulated in sewer systems and septic tanks into 

biochar. This biochar can then be utilized as soil fertilizer in agri-
cultural lands.

Thermal processes, incineration, and pyrolysis are alternative 
treatment methods. Pyrolysis is a method that breaks down a 
substance into products under high temperatures and anaerobic 
(oxygen-free) conditions. It sterilizes the material and reduces the 
concentration of organic toxins (e.g., poly-cyclic aromatic hydro-
carbons (PAHs), poly-chlorinated biphenyls (PCBs), and dioxins), 
pharmaceuticals (e.g., hormones), and other micro-components 
(plastics, surfactant). Additionally, it passive immobilizes poten-
tially toxic elements like Cu, Cd, and Cr found in the raw material, 
reducing the risk of leakage and plant uptake. Unlike incineration, 
pyrolysis retains most of the carbon in the sewage sludge [5-7].

Contrary to additives like calcium (Ca), iron (Fe), and magnesium 
(Mg) in pristine biochar, which have been shown to reduce the 
presence of P, I believe using potassium (K) as a pre-pyrolysis 
additive can reverse the situation. Potassium phosphate salts ex-
hibit very high solubilities, and the hypothesis suggests that if K is 
abundantly present, pyrolysis could result in the preferred forma-
tion of potassium phosphate, thereby increasing the presence of 
P in biochar. I used potassium acetate as a pre-pyrolysis additive 
due to its widespread use and low cost ($25 per ton) for general 
applications like de-icing [8]. The aim is to produce a more com-
plete carbon-sequestering fertilizer with well-balanced nutrient 
availability.

Considering both financial and feasibility aspects, I believe this 
solution, which I find highly effective and practical, also supports 
recycling or reuse, which are fundamental initiatives of the mod-
ern approach. If pyrolysis vapors and liquids are used to feed the 
process or renewable energies, atmospheric carbon removal, stor-
age, and environmental impact-wise, pyrolysis for sewage sludge 
can be considered the most sustainable solution [5].
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Figure 2: Figure 3: Figure 4:

To facilitate the transfer of dried solids onto the polymer filter, 
filter paper was placed on top of the polymer filter. Due to the 
limited size of the vacuum filter, this drying process was repeat-
ed several times. The obtained solids were left to air-dry for a 
day. Subsequently, they were carefully scraped off and placed 
into an hourglass, and the total wet weight of the sample was 

measured. This sample was then placed in an oven heated above 
100°C. The solid was allowed to dry in the oven for 30 minutes 
and then removed for cooling. Afterward, an appropriate amount 
of 1 normal N potassium acetate solution was added to moisten 
the dried sample, increasing the potassium content to approxi-
mately 5% of the initial wet weight.

Method
Sewage sludge was obtained from AzerSu, a state institution in 
Azerbaijan dealing with the distribution of drinking and gener-
al-use water, as well as the recovery of sewage water. The sludge 

was delivered in containers and primarily consisted of solid sed-
iment and a relatively clear liquid on top (Figure 3). The excess 
liquid was drained off (Figure 4), and the remaining wet residue 
was filtered through a vacuum filter (Figure 5).

Figure 5: Figure 6: Figure 7:

Figure 8: Figure 9: Figure 10:
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Figure 11: Final Product

Finally, the sample was placed into the pyrolysis reactor and 
gradually heated to 700°C under a continuous flow of nitrogen 
gas. Pyrolysis was maintained at 700°C for 21.5 minutes, and 
then the final product was removed from the reactor. This led 
to the breakdown of organic toxins such as polycyclic aromatic 
hydrocarbons, polychlorinated biphenyls, pharmaceuticals, sur-
factants, etc. During the pyrolysis process, the mass of the sam-
ple decreased from 6.4 g to 2.0 g, indicating a yield of 31.25%.

In terms of the product analysis, the electrical conductivity of 
the biochar dissolved in deionized water at a ratio of 1:20 by 
mass was found to be 6.04 mS, and the pH level was 10.64. 
Unlike soil, which contains other elements such as Ca and N, 
the absence of these substances in the used water means that 
the figures are considered above standard. For example, studies 
have shown that the presence of calcium increases phosphorus 
absorption and lowers the pH below 8.5. Therefore, pH values 
around 10 are not typically expected in agricultural applications 
[9-14].

Phosphorus (P) extraction analysis on the samples was utilized 
to investigate the impact of added potassium on how well phos-
phorus could be extracted from biochar in the soil. The percent-
age of extractable P was calculated as 0.807 by dividing the 
amount of P in the solution formed after extraction (determined 
using Optical Emission Spectroscopy) by the amount of P pres-
ent in the biochar (determined using Elemental Analysis). This 
was done to examine the effectiveness of potassium in facilitat-
ing the extraction of phosphorus from biochar in the soil.

When compared to the value of potassium in pristine biochar 
(%0.047) as reported in studies by Buss and others, the obtained 
value is 17 times larger, demonstrating a significant improve-
ment [5]. According to the results of elemental analysis, the con-
centration of cadmium in the biochar was reported to be less 
than 0.08 mg/kg, indicating that the harmful element is virtually 
negligible. As for zinc, its concentration of 1890 mg/kg is below 
the limit value specified in the Regulation on the Use of Munici-
pal and Urban Treatment Sludges in Soil (Appendix 1-B), which 
is 2500 mg/kg, making it harmless [14]. The potassium content 
was determined to be 3.57%.

Innovative Aspect
Biochar is a type of fertilizer that has gained increasing atten-
tion and priority in recent years, offering many advantages over 
mineral and organic fertilizer types. In a brief overview, mineral 
fertilizers provide the nutrients needed for strong plant growth 
in high quantities, while organic sources contain organic carbon, 
a fundamental component of healthy soil. However, various ap-
plications have revealed that mineral fertilizers have short-term 
beneficial effects on measured variables such as plant growth, 
pH, base saturation, cation exchange capacity (CEC), and many 
other nutrients. These effects are often limited and may result in 
toxicity to plants and significant damage to growth due to high 
pH values. Additionally, the addition of mineral fertilizers to 
sandy soil under high rainfall is futile, as most nutrients are rap-
idly washed away, causing serious negative effects on the econ-
omy and water pollution.

As for organic fertilizers, compost with high nutrient content (Ca 
and Mg) in plants and higher CEC and pH values (only in the 
initial growth period) yields better short-term results. Howev-
er, compost fertilizer is not universally available and, due to its 
weight and volume, cannot be transported over long distances, 
making it a costly option. Furthermore, composting is a technol-
ogy-intensive process, requiring heavy equipment for process-
ing raw materials and transporting compost to fields.

Innovation takes center stage as an ideal solution for longer-term 
and sustainable approaches – biochar stands out as a unique 
solution that can positively impact plant yield, soil fertility, ni-
trogen dynamics, phosphorus retention, and carbon sequestra-
tion, whether used alone or in combination with mineral and 
organic fertilizers.

The key innovation lies in leveraging the pre-pyrolysis contri-
bution of potassium, in contrast to elements like Ca, Fe, and Mg 
in biochar, to increase the presence of phosphorus in biochar. 
Utilizing potassium acetate salts with high solubility, which are 
widely available and economical, makes the project technically 
sound and addresses potential feasibility issues.

Applicability
Biochar is a lightweight black residue consisting of carbon and 
ash left after the pyrolysis of biomass. It is used to reduce soil 
pollution and improve soil fertility.
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According to the "Global Biochar Market Forecast" report, it 
is estimated that the global biochar market will experience an 
increase in revenue by 13.57% and in volume by 11.22% CAGR 
(Compound Annual Growth Rate) from 2020 to 2028. The mar-
ket is expected to reach a volume of approximately 980.26 kilo 
tons and generate revenue of 4064.50 million dollars by 2028. 
The growth of the global biochar market is dependent on various 
factors, including the easy availability of diverse and inexpen-
sive raw materials, reliable and continuous workflow, the carbon 
sequestration ability of biochar, and, finally, enhanced environ-
mental regulations. Environmental regulations are a major driving 
force for the biochar market. The soil improvement and carbon se-
questration properties of biochar positively contribute to the envi-
ronment by reducing greenhouse gases. Thanks to these features, 
biochar has become an increasingly produced product over time.

In Turkey, it was reported in 2015 that the potential for agricul-
tural and animal production waste to be converted into biochar 
was 3,942,654 tons. Animal wastes account for a large portion 
of the biochar conversion potential, ranking first with a rate of 
77%, followed by garden pruning waste at 22.5%, and field ag-
ricultural waste covering only 0.6% of biochar production [12].

Considering the chemical methods for obtaining biochar from 
sewage sludge taken from water treatment plants, it is anticipat-
ed that since sewage sludge is waste, it will have no cost. More-
over, considering the environmentally friendly nature of biochar 
and the growth potential of the market in Turkey, the project is 
likely to be successful.

Table 1: Total expenses of project
EXPENSES

No Work Package Name Description Need/Materials Cost
1 Sewage Sludge Collec-

tion
Raw material of biochar is supplied by the government 

institution.
1 L sludge Available

2 Filtration Solid particles are filtered from sewage sludge using a 
vacuum filtration system. Liquid-solid particles are sep-

arated by filter material.

Vacuum Pump, Vacuum 
Filter, Filter Paper

Available

3 Drying The sludge quantity is minimized, and the product qual-
ity is enhanced by drying.

Drying Oven Available

4 Material Transfer Materials are transferred in a safe and proper process for 
use in other stages.

Watch Glass Available

5 Increasing Potassium 
Amount

Potassium acetate is used to increase phosphorus ab-
sorption in soil, and the potassium content is adjusted.

125 g of Potassium Ace-
tate

3 USD

6 Pyrolysis The sludge is converted into biochar by pyrolysis at 
high temperature and low oxygen.

pyrolysis reactor pyrolysis 
heater rubber pipe quartz 

glass shards

Available

7 Laboratory Analysis The substance obtained is tested for soil enhancement. 
Biochar that passes the test is used to improve soil fer-

tility.

Tests conducted at "Caspi-
an Ecology Laboratory."

40 USD

The Situation Regarding the Project's Feasibility with the 
Least Cost
As the sewage sludge waste, which is used in biochar produc-
tion, falls into a low-cost category, it incurs no expenses. Po-
tassium acetate, an additional substance used, is a low-cost and 
readily available material. Consequently, if the production of the 
soil improver/fertilizer transitions to mass production, it is an-
ticipated that the project will result in a cost-effective product 
in the end.

Target Audience of the Project Idea (USERS)
The project appeals to a wide range of people. The priority is two 
main groups: farmers and urban residents. Unfortunately, soil 
degradation is not limited to physical occupation alone. Harmful 
accumulation of organic and inorganic pollutants occurs in the 
soil due to excessive fertilization and pesticide use. Additional-
ly, industrial activities contribute to soil pollution as chemical 
pollutants from water and air pollution mix with the soil. Among 
the inorganic substances causing soil pollution, heavy metals are 
prominent. Farmers and rural residents are most affected by this 
type of soil pollution. In cases of high accumulation, heavy met-

als can exhibit carcinogenic and lethal properties. On the oth-
er hand, atmospheric discharges and waste materials generated 
during industrial activities contain heavy metals. Especially in 
large cities like Istanbul, Izmir, and Ankara, toxic gases released 
into the air lead to acid rain, significantly polluting the soil. Ur-
ban residents are the most affected by this pollution [13].

Through the project, the soil will be cleansed of harmful sub-
stances, resulting in more efficient and beneficial soil in both 
urban and agricultural areas.
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