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ABSTRACT

Today, one of the biggest issues facing climate change is carbon emissions from biomass burning. However, if 
biomass can be converted into biochar through the pyrolysis process and stored in the ground, it will reduce carbon 
emissions from the atmosphere and allow carbon to be sequestered from the environment. It could be a sustainable 
solution to global challenges such as climate change, waste management, and soil improvement. This experiment was 
conducted for the preparation of biochar from different waste biomass, i.e., cow dung, poultry manure, municipal 
sewage sludge, and waste wood pieces, which were pyrolyzed in a slow pyrolysis reactor. The waste material was 
collected, then sun- and oven-dried before being placed in the reactor using an aluminum box. Afterwards, different 
biomass samples were subjected to slow pyrolysis at 600°C for one hour under limited oxygen conditions. After one 
hour, the reactor was opened, and the biochar was taken out of it and stored in airtight sample bags for testing. 
Results showed that different yields of biochar were obtained with different types of biomass materials. Municipal 
sewage sludge produced the highest biochar yield (66.23%), and Russian waste wood produced the lowest biochar 
yield (23.34%). The basic properties of the biochar, such as pH, EC, WHC, and ash content, also varied with the 
type of biomass used. Different biochars were alkaline in nature, with a maximum water holding capacity of 9.6 g/g 
in Aak (Calotropis gigantea) wood biochar. The biochars were also rich in some plant nutrients, with maximum N and 
P contents of 2.6% and 3.51%, respectively, in poultry manure biochar.

Keywords: Wood biochar; Slow pyrolysis; Biochar characterization; Plant nutrients 

Abbreviations: pH:Power of hydrogen; EC:Electrical Conductivity; WHC:Water Holding Capacity; AC:Ash 
Content; N:Nitrogen; P:Phosphorus; K:Potassium; Ca:Calcium; Na:Sodium 

HIGHLIGHTS

• Biochar produced from different types of biomass, such as cow 
dung, poultry manure, municipal sewage sludge, and waste 
wood, can effectively sequester carbon and reduce carbon 
emissions.

• Municipal sewage sludge resulted in the highest biochar yield 
(66.23%), while Russian waste wood had the lowest yield 
(23.34%).

• The biochar derived from various biomass sources exhibited 
different properties, including alkaline nature, water holding 
capacity, and nutrient content, making it a potentially valuable 
resource for soil improvement and waste management.

INTRODUCTION

The production of biochar primarily involves thermochemical 
conversion procedures with a range of process variables, such as 
slow pyrolysis, quick pyrolysis, Torre faction, and gasification [1]. 
The physical condition and chemical structure of biomass are 
permanently altered by these methods to create biochar. They 
occur at certain temperatures and pressures in the absence or with 
a constrained supply of oxygen. When the chemical components 
of renewable biomass are severely cross-linked, broken down, 
and depolymerized, biochar forms as a solid carbon residue. In 
addition, depending on the reaction conditions, bio-oil or tar, 
an organic liquid that may condense, and a non-condensable 
combustible gas composed of hydrogen, carbon dioxides, light 
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hydrocarbons, and other chemicals may also be produced [2]. 
Biochar has been proposed as a strategy to generate energy, improve 
soil quality, increase Carbon sequestration (C), and improve the 
quality of the environment [3-5]. The various benefits of biochar 
demonstrate how it may enhance the economic sustainability 
of creating systems for producing cellulosic bioenergy [6-8]. On 
the other hand, applying biochar to the ground can reduce net 
emissions of greenhouse gases and permanently sequester carbon 
in the soil [9-10]. It can also increase crop production and reduce 
nutrient, sediment, and pollutant loss through improved nutrient 
availability and the physical, chemical, and biological features of 
the soil [11-15]. Utilizing biochar can help replace essential organic 
matter that was lost when biomass from forestry or agricultural 
systems was removed for energy production, in addition to assisting 
the soil in retaining carbon. Consequently, biochar may offer two 
simultaneous financial benefits. First, it may enhance the biomass 
generation process's capacity for sustainable and agronomic 
expansion. Second, balancing material purchases with money from 
charcoal earnings may increase the economic viability of bioenergy 
businesses. The impact of biochar on agronomic, environmental, 
and soil qualities is yet largely unknown. The agricultural and 
bioenergy sectors won't be willing to pay for biochar until its exact 
effects on soil characteristics and crop production are demonstrated, 
despite the fact that it has the potential to create income and 
improve sustainability in agriculture and the environment. Biochar 
must first demonstrate particular advantages to crop productivity 
and soil characteristics, and then tie these advantages to the 
features of biochar, as well as to its proper application and financial 
worth, in order to be fully developed as a commercial commodity. 
One of the most important components in making this a reality 
is the capacity to understand how this product is made and how 
the production method affects its performance. Its benefits for 
soil health, agricultural productivity, and the environment will 
only matter if it can be copied and used consistently. However, 
Pakistan generates a significant amount of organic waste, including 
food waste, human waste, manure waste, and many more types. 
The environment becomes contaminated when garbage is not 
disposed of in an appropriate manner for each type of waste. 
In order to protect the environment, biomass waste needs to be 
carefully handled and put to use. Therefore, this study focused on 
making biochar from various forms of biomass, and its goal was to 
investigate the possible applications for biochar, such as enhancing 
soil fertility, producing biofuel, making bio-adsorbents, etc. based 
on their fundamental characteristics.

MATERIAL AND METHODS 

Collection of material 

The waste material cow dung, poultry manure, municipal sewage 
sludge, mango waste wood, conocarpus waste wood, Russian Diyar 
waste wood, and two desert plant Aak (Calotropis gigantea) and 
Thoohar (Euphorbia neriifolia L.) wood were chosen to be utilized 
as the feedstock for making biochar. The desert plant (Aak and 
Thoohar wood) was collected from Tharparkar desert and all 
other waste materials were collected from nearby farm of Sindh 
Agriculture University Tandojam. 

Pre-treatment of feedstock

The pieces of wood were cut down into small pieces according to 

the size of our pyrolysis reactor. The wood pieces were sun-dried for 
many days and then oven-dried at 105°C before the pyrolysis.

Pyrolysis

A certain amount of oven-dried sample was placed in an aluminum 
tray. The tray was housed in the pyrolysis reactor, and then it was 
packed using the top plate with nuts and bolts. The seal was placed 
between the top plate and the surface of the walls to create an 
oxygen-limited internal environment. The reactor was placed in 
the locally modified kiln at 600°C for one hour. Subsequently, the 
kiln was heated up at 600°C, and the reactor was placed inside the 
kiln for one hour. After one hour, the reactor rapidly cooled to 
temperatures below 100°C. Afterward, the reactor was opened, and 
the biochar was removed.

Testing of prepared biochars

The prepared biochar was tested for different physicochemical 
properties using standard laboratory procedures are as follows:

Characterization of produced biochars:

The pH and EC of biochars: The pH and EC of the produced 
biochars were tested in a 1:20 (w:v) suspension of biochar in 
distilled water. The biochar was physically crushed into a fine 
powder in a ceramic pot, then put in a conical flask with distilled 
water. The sample was shaken for one hour on a reciprocating 
shaker at 100 RPM. Afterward, the pH and EC were measured 
using high-precision glass electrode pH and EC meters. Three 
random samples from each type of biochar were tested, and the 
average results were entrained.

Ash content of biochar: The ash content of the biochar was tested 
by burning one gram of oven-dried sample in a muffle furnace at 
750°C in an air atmosphere for one hour. The ash content was 
calculated by dividing the ash mass by the oven-dried sample’s mass.

Water holding capacity: Without further size reduction, the oven-
dried biochar samples were soaked in distilled water for one hour. 
The samples were allowed to drain freely on the filter paper, and 
the Water Holding Capacity (WHC) of the biochar was calculated 
by the amount of water stored by the biochar while adjusting the 
weight of the filter paper.

Plant nutrients content:

Nitrogen: The N content of prepared biochar was determined 
by the mixture of 1 gram of oven-dried biochar and 12.5 ml of 
concentrated sulphuric acid (H2SO4). The mixture was placed in 
sample tubes and a block digester for 30 minutes from 350°C to 
400°C. After the complete dilution, 50 ml of distilled water was 
added to cool the sample. Afterward, the 8 to 10 drops of Tashiro 
indicator were added, and the samples were placed for distillation at 
the Kjeltec distillation unit for 7 minutes. The steam was adjusted 
to 7 ml-8 ml of distillate per minute. The sample was titrated with 
0.1 N hydrochloric acid. Then the nitrogen content was calculated 
through a formula. 

(R B )(%) Normality of Acid FactorNitrogen Content
Sample taken

− × ×
=

Where,

R=Reading of sample

B=Reading of blank sample
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N=Normality of acid

F=Factor

S=Sample taken

Phosphorous, Calcium, Potassium, and Sodium: The plant 
nutrients such as phosphorous, calcium, potassium, and sodium 
of prepared biochars were tested by the mixture of 0.5 g of oven-
dried biochar and two different acids, namely Nitric acid and 
Perchloric acid, which were mixed at different volumes of 70 ml 
and 15 ml for the dilution process. The sample tubes were placed 
in a block digester set at 380°C for 2 hours. After the complete 
digestion, the tubes were removed for cooling for 20 minutes. 100 
ml of distilled water was added to set the volume of the volumetric 
flask. Afterward, 10 ml of diluted sample and 10 ml of Color 
Development Reagent (CDR) were mixed, and 50 ml of distilled 
water was added to set the volume of the volumetric flask. 

A few milliliters of the diluted sample were taken and tested 
using a spectrometer for phosphorus. A spectroscope was used 
to determine the phosphorus test. Then a calibration curve was 
created for the standards by plotting the absorbance against the 
respective P concentration. Therefore, the P concentration was 
noted from the calibration curve. Then all readings were calculated 
through the following formula:

A flame photometer determined the potassium, calcium, and 
sodium concentrations. A calibration curve was constructed, and 
then the concentrations were calculated using the calibration curve.

%
10000

Graphically reading Dilution factorConcentration ×
=

RESULTS AND DISCUSSION

Yield of biochar

The components of biomass, cellulose, hemicellulose, and lignin, 
have a significant impact on the devolatilization, product yield, and 
form of the biochar created during the pyrolysis procedure [16-17]. 
The biochar yields are given in Figure 1.The biochar yield from all 
the pyrolyzed feedstock varied from 22.34% to 66.23%, as shown 
in Figure 2, the pyrolyzing temperature and feedstock type were 
important variables in regulating the biochar output. The eight types 
of feedstocks CD=Cow Dung, PM=Poultry Manure, MS=Municipal 
Sewage Sludge, MW=Mango Wood, CW=Conocarpus Wood, 
RW=Russian Wood, AW=Aak Wood, TW=Thoohar Wood (CD, 
PM, MS, MW, CW, RW, AW, and TW) were used for biochar 
preparation and their yield was 32.52%, 38.30%, 66.23%, 28.67%, 
28.71%, 22.34%, 26.79%, and 29.21% respectively. The highest 
biochar yield of 66.23% was obtained from municipal sewage 
sludge, while the lowest yield of 22.34% was from Russian waste 
wood. Due to variations in the content and characteristics of their 
feedstocks, each feedstock's yield of biochar generated from it at the 
same temperature varies from the others. Many researchers have 
found that the results of biochar yield under the same conditions 
are consistent with their observations. However, produced biochar 
from CD, PM, and MS, respectively, and their findings are in line 
with our study [18-20]. The biochar produced from wood sources 
yield was consistent with revealed that compared to agricultural 
residues and wood biomass, the output of biochar from animal 
litter and municipal waste was greater (Figure 2) [21-25].

Basic properties of biochar

The results of the basic properties of different biochars are shown 
in Figure 2. The biochar samples in this research reported alkaline 
pH values ranging from 7.9 to 10.61, which is consistent with the 
fact that many biochar products have alkaline pH [26-29]. On the 
other hand, it is discovered that fundamental qualities such as 
pH increases with increasing temperature [30-32]. As the degree 
of acidity decreased and the basicity of the biochar increased, 
increasing the thermal decomposition temperature resulted in an 
increase in pH content [33-34]. The electrical conductivity of the 
biochar is responsible for the exchange of ions, and the electrical 
conductivity in our experiment increased from 0.52 dS m−1 to 
10.88 dS m−1. The properties of biochar greatly depended on 
the production procedure and type of raw material [35-37]. The 
water holding capacity of the biochar was recorded between 3.6 g 
g−1to 9.6 g g−1. The weight fractions of the different-sized particles 
in the biochar varied with different types of biomasses. The 
porous structure and interconnectedness of pores in a substance 
determine its ability to hold water or capacity to maintain water 
[35-38]. This phenomenon reveals why high temperature biochars 
have a high porosity that can hold more water. Due to fewer pores, 
decreased interconnection of pores, and residual tar compounds 
that obstruct biochar pores, low-temperature biochar varieties with 
porous structures may be less available for water [39]. Moreover, the 
ash content increased from 11% to 48.38% [40-42]. A low silica 
concentration of forest biomass could indicate poor ash content. 
The ash content of biochar made from woody sources was lower 
than that of grasses and straws [43]. Moreover, this might be due 
to the concentration of non-pyrolyzed inorganic elements in the 
basic biomasses and increased ash content at elevated temperatures 
(Figure 3) [44]. 

Plant nutrients content of biochar 

 An overview of the complete relative nutrient content of woody 
and non-woody biochars produced at the same temperatures can 
be seen in Figure 4. The lower Nitrogen (N) content was found 
for Russian waste wood (0.21%), while a higher value was found 
for poultry manure (2.67%). The highest Phosphorus (P) content 
was obtained for poultry manure (3.51%), while the lowest value 
was found in Russian wood (0.09%). The maximum Potassium 
(K) content was recorded in Thoohar wood (6.9%); however, 
the minimum value was obtained in municipal sludge (0.6%). 
The minimum sodium (Na) content was obtained in Russian 
wood (0.4%), while the maximum value obtained in Aak wood 
(1.9%). The lower calcium (Ca) content was found for Russian 
wood (1.8%), while a higher value was recorded in Thoohar wood 
(3.6%) [20-35]. Moreover, another researcher discussed the plant 
nutrient content of various biochars and found that the delivery 
of accessible nutrients by biochar may be fairly varied and that 
biochars can contain a lot of inorganic components [40-45]. The 
feedstock source and the pyrolysis temperature impacted the 
nutrients in biochar [46]. Both the biochar products and their 
different feedstocks have a wide range of total mineral element 
concentrations. Other researchers have discovered significant 
differences in mineral element concentrations across biochar 
products generated from various biomass resources [47]. According 
to most studies, the total mineral nutrients in biochar compounds 
were greater than in the biomass used to make biochar products 
(Figure 4) [48].
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Figure 1: Graphical Abstract.

Figure 2: Yield of biochar from different types of biomasses.

Figure 3: Basic properties of biochar from different types of biomasses.
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Figure 4: Plant nutrients (WT%) of different types of biochar.
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