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Abstract

This study aimed to characterize the biochar and bio-oil produced through pyrolysis of broiler and layer litter. Pyrolysis is an alternative 
solution of animal waste treatment where biomass is converted into high value products such as biooil, syngas and biochar in an oxygen 
depleted condition at a high temperature. For this purpose, a reactor was designed for the pyrolysis of poultry litters (layer and broiler) at 
different operational conditions. Result showed that 38% and 35% biochar was produced from broiler and layer litter respectively at 600°C 
temperature. Bio-oil production was found 21% and 25% respectively from broiler and layer litter. An effective calorific value of broiler and 
layer liter bio-oil (9900 and 9,950 kcal/kg, respectively) was observed that can be utilized as bio-fuel. The density and viscosity of produced 
bio-oil from broiler and layer litter was same (1.008 and 0.91). FTIR value of layer litter biochar revealed that the hydroxyl, acid and alkaline 
groups were activated at 3400 cm-1, 2800 cm-1 and 1500 cm-1 position. Layer litter biochar might be used as soil amendment and the bio-oil 
might be used as bio-fuel. It may be concluded that poultry manure is a good source of biochar and bio-oil that might be helpful to increase soil 
fertility and for the supplementation of bio-energy.

Keywords: Poultry manure • Pyrolysis • Biochar • Bio-oil • Soil fertility

Introduction
Livestock plays an important role in the economy of Bangladesh 

[1-5]. It has a large livestock population including 3rd largest position 
of cattle in Asia and a large number of poultry which are contributing 
for milk, meat and eggs for 160 million people in Bangladesh. 
Besides the livestock products and by-products, huge amounts of 
wastes produced daily from these large number of livestock and 
poultry population. Poultry population in Bangladesh is estimated 
about 304.17 million where chicken population is about 255.31 million 
and it is estimated that approximately 1,560,000 metric tons of poultry 
waste is produced in Bangladesh every year [6,7]. These manures 
are a potential hazard to the environment due to the release of nitrate 
and phosphate to the streams, ponds, and ground water; as well as 
ammonia, hydrogen sulphide gas in the air [8,9] due to inappropriate 
disposal of waste [10-13]. Poultry litter can also contain a number of 
pathogens and other materials that are a potential risk to public 
health [14]. Poultry litter, a solid waste resulting from chicken rearing, 
is being explored as a feedstock for compost or biogas production. 
Poultry litter biomass is also a massive source of GHGs emission that

enhances the global warming. Physically, poultry litter is a mixture of 
bedding materials such as wood shavings, saw dust, or peanut hull, 
bird’s excreta, feather, feed spills, etc. Huge amount of poultry, dairy 
and goat manure has produced daily that is a significant source of 
environmental pollution in our country. Pyrolysis is one of the 
important technologies to treat waste biomasses [15,16]. 
Simultaneously it produces biochar and biofuel that helps to fertile 
our land as well as supplement bioenergy that helps to fulfill our 
energy scarcity. It is essential to assess the characteristics of biochar 
and amount of biofuel production from different types of manure at 
different pyrolysis temperature that will help to reduce environmental 
pollution. Pyrolysis is an excellent way of converting animal waste 
into high value products such as biooil, syngas and biochar in an 
oxygen depleted condition at higher temperatures (300-800°C). 
Biochar is the remaining of black solids at the bottom of reactor after 
pyrolysis. This black carbon or biochar is different from other organic 
carbon because biochar carbon is chemically altered during the 
heating process at higher temperature and produces hexagonal 
benzene ring type structure that are highly resistant to microbial 
decomposition. As a consequence, biochar carbon can remain
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stabilized for long periods of time, even hundreds to thousands of 
years, might be thought to be the most effective way of Carbon (C) 
sequestration. It is a pyrolytic product of waste biomasses or organic 
materials which is primarily used as soil amendment that enhances 
the crop production through its versatile beneficial characteristics 
[17]. Depending on the source material, organic carbon contents of 
biochar have been reported to be as high as 90% that enhances the 
application of biochar to soils for C sequestration [18]. Moreover, it is 
highly stable against microbial attack in soil and takes millions of 
decades to degrade, thereby gradually slowing down the process of 
Soil Organic Carbon (SOC) release into the atmosphere [19].

Biochar has been produced from different organic materials such 
as plant tissues woody debris, corn stalks and macadamia shells 
poultry litter papermill wastes citrus wood cottonseed hulls and empty 
fruit bunches that are used as soil amendment. Nguyen, et al. 
produced biochar from chicken manure to investigate the efficiency of 
biochar in absorbing heavy metals from wastewater. Guo et al. 
conducted an experiment with poultry manure biochar to investigate 
its efficiency in absorbing Pb, Cd, Zn and Cu from contaminated soil, 
and found that the poultry manure biochar successfully reduced 
these heavy metals from contaminated soil. Liesch et al. investigate 
the toxic effect of biochar produced from pine chip and poultry litter 
with an experiment of earthworm growth. Jia et al. investigated the 
effect of biochar application on vegetable production and emissions 
of N2O and CH4, and the findings showed that biochar amendments 
significantly decreased N2O emissions [20-29]. Present research 
focusing on the characterization of biochar and bioenergy produced 
from poultry manure to minimize environmental pollution and 
maximize the agricultural production simultaneously with reducing the 
fertilizer requirements. Production of biochar and bio-oil from 
livestock manures simultaneously helps in bioenergy production as 
well as soil amendment. Biochar is a multifunctional material which 
has both agricultural and environmental benefits. Apart from its 
application as carbon sequester or as a soil conditioner, it is 
increasing being utilized as an adsorbent for the removal of toxic 
contaminants. Thus, biochar utilized as soil amendment that has 
diversified beneficial effects on crop yield, reduce the risk of global 
warming, and save us from hazardous effect of heavy metals. 
Therefore, the commercial production of biochar from poultry 
manures and its utilization would be the most efficient way of utilizing 
the waste manures that ensures eco-friendly agricultural production 
as well as environmental soundness. Organic materials of poultry 
litter biomass are transformed into biochar, bio-oil, and syngas 
through pyrolysis (heated in the absence of oxygen), simultaneously 
reduced the risk of GHGs emission. Therefore, the present study was 
carried out to identify the physico-chemical characteristics biochar 
and bio-oil obtained from broiler and layer litter.

Materials and Methods
Poultry litters (broiler and layer litter) were collected from BAU 

poultry farm and dried in the sun. Chemical compositions of both the 
liters were done at animal waste management and bioenergy 
laboratory under the department of animal science, Bangladesh 
agricultural university. A reactor was designed for the pyrolysis of 
litters at different operational conditions. Reactor was made by 6 mm 
thickened stainless steel and placed within a 5 mm thickened 
stainless steel caging. A high power electric coil (heating tool) was

surrounded by the outside caging of the reactor that produced up to 
30 ampere electric current with a voltage 200, so that a high 
temperature was produced at the outside the reactor. This 
temperature gradually transmitted to the reactor and heated the litter 
materials inside. There was a provision of measuring the ampere and 
voltage on the outside monitor. A thick layer (about 10-12 cm) of 
glass wool was placed outside the electric coil to prevent the 
temperature from outgoing. There was a provision of introducing a 
thermometer prob inside the reactor and this prob expressed the 
inside temperature on the outside monitor. A pressure gauze was 
also equipped with reactor to measure the inside pressure of the 
reactor during pyrolysis process. Due to high temperature and 
pressure, cellular content of poultry manure was going out as smoke 
though the effluent tube of the reactor. Smoke was produced when 
the temperature was rose at 300°C. Just after seeing the smoke, a 
condenser was connected with the effluent tube the so that the 
smoke containing gases were transformed into liquid. A continuous 
cold water flow has been run during pyrolysis to help to produce bio-
oil from gas. Black color oily liquid was deposited at the beaker from 
the condenser. The process was continued up to 600°C for 2 hours. A 
schematic diagram of the pyrolysis reactor is shown in Figure 1. 
Physical and chemical quality of the produced biochar and bio-oil 
were analyzed at the institute of fuel research and development 
under Bangladesh Council of Scientific and Industrial Research 
(BCSIR), Dhaka, Bangladesh. Biochar is the remaining of the black 
carbon materials at the reactor after pyrolysis and collecting bio-oil. 
Parameter studied were yield and FTIR of biochar; color, gross 
calorific value, carbon residue, density and viscosity of bio-oil 
obtained both from broiler and layer litter.

Figure 1. Schematic diagram of the pyrolysis reactor.

Results and Discussion

Yield

Biochar and bio-oil production from the pyrolysis of broiler litter 
were 665 g and 375 ml from 1750 g of biomass (broiler litter), where 
the percentage of biochar and bio-oil were 38 and 21% respectively 
at 600°C temperature and 2 hours residence time. In case of layer 
litter, biochar and bio-oil production were 595 g and 425 ml from 1700 
g of biomass, and the percentage of biochar and bio-oil were 35 and 
25%  respectively  (Table 1).  Physical structure of biochar was shown
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in Figure 2. It was found that comparatively higher biochar and lower 
bio-oil produced from broiler litter compared to layer litter. Higher 
proportion of rice husk present in broiler litter might be the cause of 
this. Shafie et al. stated that carbonization of EFBs were conducted in 
three different pyrolysis temperatures such as 300, 350, and 400°C 
with same residence time (3 hours) at Nasmech Technology Sdn 
Bhd. Amount of biochar was higher (21.5 wt%) in the lowest pyrolysis 
temperature (300°C) and lower (18.0 wt%) in the highest temperature 
(400°C). There found a negative linear relationship between biochar 
produced and temperature adopted. Total yield decreases with the 
increasing of pyrolysis temperature. Here 3 hours heating at the rate

of 3°C permin with 0.5 RPM was also maximized the 
biochar production than other two higher temperatures. In the 
present study, higher biochar production might be due to lower 
residence time (2 hour). Kwapinski et al. [30], also showed that 
the low operational temperatures and low heating rates give 
maximum yields of biochar. Mohamed and Ashour [31], stated that 
the production of bio-oil is proportional to the amount of the waste 
biomasses pyrolyzed. Xu et al. [32], stated that the yield of bio-oil 
was 24-34% through pyrolysis of wood biomasses and there 
were no correlations between the raw materials and bio-oil 
production.

Parameter Amount Percentage (%)

Dry manure (g) Biochar (g) Bio-oil (ml) Biochar Bio-oil

Broiler litter 1750 665 375 38 21

Layer litter 1700 595 425 35 25

Table 1. Production of biochar and bio-oil.

Figure 2. Physical structure of broiler and layer litter biochar.

Fourier Transform Infrared Spectroscopy (FTIR) analysis of 
biochar

The Fourier Transform Infrared Spectroscopy (FTIR) spectra were 
measured by a Perkin-Elmer 1710 instrument using a DTGS detector, 
a Perkin-Elmer DRIFT accessory, and microsampling at Bangladesh 
Council of Scientific and Industrial Research (BCSIR), Dhaka, 
Bangladesh. The biochar were measured in powder form, using KBr 
as reference material. The spectra were recorded from 4400 to 400 
cm-1 by averaging 200 scans at 2 cm-1 resolution. FTIR was used to
determine organic functional groups such as hydroxyls and carbonyls
on the surface of biochar. It was found from the graph of the FTIR
that the peak values of O-H, C=C, C=O and C-O were around 101.9,
102.5, 101.8 and 102.6 transmittance, respectively in broiler litter
biochr (Figure 3). In case of layer litter biochar, very similar FTIR
value was found and the peak values of O-H, C=C, C=O and C-O
were around 101.8, 102.2, 102.6 and 103.0 transmittance, 
respectively (Figure 4). FTIR is frequently used to identify and 
qualitatively track changes in functional groups in biochar and soil 
samples. Since biochars are opaque solids, an FTIR analysis 
requires special sample preparation and/or detection method. 
Important peaks in the feedstock and biochar spectra are the O-H 
stretch (3400 cm-1), the aliphatic C-H stretch (3000-2860 cm-1), the 
aromatic C-H stretch (3060 cm-1), the carboxyl (C=O) stretch (1700 
cm-1) and the various aromatic ring modes at 1590 and 1515 cm-1.
The feedstock spectrum is dominated by the O-H stretch, aliphatic C-
H stretch and carboxyl C=O stretch. As the pyrolysis reaction

progresses, certain peaks (O-H stretch and carboxyl C=O stretch) 
disappear, the CH peaks shift from being more aliphatic to more 
aromatic (and eventually disappear altogether), and peaks 
representing aromatic carbon compounds begin to appear. FTIR 
spectra can be used to demonstrate the degree of biochar oxidation 
(appearance of C-O and O-H peaks), albeit only qualitatively [33]. 
Yuan et al. produced biochar from rice straw, wood chips and manure 
and found similar FTIR result from manure biochar [34].

Figure 3. FTIR of broiler litter biochar.

Figure 4. FTIR of layer litter biochar.

Cell cytoplasm of waste biomasses come out from cell at higher 
temperature and pressure as smoke during pyrolysis and the hollow
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spaces inside the cell is termed as micropore. There are three kinds 
of porosity in biochars based on pore size. According to material 
scientists, pores can be divided into micropores, mesopores and 
macropores, which have internal diameters of <2 nm, 2-50 nm and
>200 nm, respectively. Each size range of pores contributes to a
different property of the sample. In the activated carbon industry,
micropores (<2 nm) contribute the vast majority of the surface area
and are considered important for adsorption applications. For soil
applications, macropores in biochar affect the soil’s hydrology and
microbial environment. The larger the pores, the easier water,
nutrients, plant roots and fungal hyphae can penetrate the particle.
For smaller microorganisms, pores provide shelter from larger,
predatory organisms. Biochars will frequently have specific pore size
distributions and arrangements due to maintenance of the plant
structure [35].

Physico-chemical analysis of bio-oil

A dark black colored bio-oil was stored at the beaker drop by drop. 
It was found a higher bio-oil yield from layer litter (25%) compared to 
broiler litter (21%) at the same temperature (600°C) and time (Table 
1). The obtained physico-chemical properties of bio-oil are shown in 
Table 2. It was found from the table that the physico-chemical 
properties of bio-oil obtained from broiler litter and layer litter was 
very much similar.

Dark black colored bio-oils were produced both from layer litter 
and broiler litter (Figure 5). The American Society for Testing and 
Materials (ASTM) compiled a summary of examination procedures for 
the petrochemical and refining industry. The ASTM D-1500 color is a 
known procedure for color measurement in oil and petrol products. 
The ASTM scale shows a range of 0 ASTM (no color) up to 8 ASTM 
(dark/nearly black color). Products with low color less than 0.5 ASTM 
are often measured by using the Saybolt color (ASTM D-156). Both 
color units are traditionally found by visual comparison of product 
samples with standardized color glasses. Modern inline color 
measurement systems are much more reproducible than the human 
eye and the color is observed permanently. A change in color is often 
a good indicator for the final product quality. Therefore it is very 
important to detect a change in color immediately. The observation of 
mixing ratios, dilution factors and decolorization filters, distillation 
columns are typical applications. A constant color value helps to 
increase plant efficiency and product quality. The color of the bio-oil 
was detected using ASTM D 1500-64 method at Bangladesh Council 
of Scientific and Industrial Research (BCSIR), Dhaka, Bangladesh.

The gross calorific value was little higher (9950 kcal/kg) in layer 
litter bio-oil than in the broiler litter bio-oil (9900 kcal/kg). There is a 
possibility that an intermediate reaction occurred during the pyrolysis 
process of poultry manure into large amount of biochar and biogas 
rather than totally transformed into solid (char) product. Paul and 
Serpil stated that a huge amount of gases were produced during

pyrolysis [36]. Yields of liquid products are maximized in conditions of 
low temperature, high heating rate, and a short gas residence time, 
whereas a high temperature, low heating rate and long gas residence 
time would maximize yields of fuel gas. The gross calorific values of 
the bio-oil were detected using IP 12/58 method at Bangladesh 
Council of Scientific and Industrial Research (BCSIR), Dhaka, 
Bangladesh. The values were 9900 and 9950 kcal/kg for broiler and 
layer litter bio-oil which were very close. David and Kopac [37] stated 
that rapeseed oilcake bio-oil showed a calorific value of 36.25 MJ/kg 
and the characterization of bio-oil was performed by FTIR, GC–MS 
and NMR and demonstrates that it can be a viable alternative fuel for 
public transport and agriculture sectors. The stability and quality of 
biochar depends on the source of feedstock, heating temperature, 
heating time, particle size and feedstock composition. Generally, the 
proportion of aryl-C to aliphatic-C in biochar increases with increasing 
of pyrolysis temperature [37].

The density and the viscosity of both the bio-oil obtained from 
broiler and layer litter was found same in the present study. The 
densities of the bio-oils were detected using IP 160/57 method at 
Bangladesh Council of Scientific and Industrial Research (BCSIR), 
Dhaka, Bangladesh. The density and viscosity of bio-oil both from 
broiler and layer litter were found similar and the values were 1.008 
g/cc and 0.91. A wide variety of functional groups (such as acids, 
aldehydes, ketones, carbohydrates, furans, pyrans, aromatics, 
hydrocarbons) are present in the oil, and several of them can even be 
present in a single component. The density of the liquid is about 1170 
kg/m3, which is denser than fuel oil and significantly denser than the 
original biomass. The Higher Heating Value (HHV) of pyrolysis oil is 
16-23 MJ/l compared to fossil fuel which is 37 MJ/l [38]. Due to large
amount of oxygenated components present, the oil has a polar nature
and does not mix readily with hydrocarbons. The degradation
products from the biomass constituents include organic acids (like
formic and acetic acid), giving the oil its low pH. Water is an integral
part of the single-phase chemical solution. The (hydrophilic) bio-oil
have water contents of typically 15-35%. Asadullah et al., produced 2
types of bio-oil from sugarcane bagasse and stated that the density
and viscosity of oil-1 were found to be 1130 kg/m3 and 19.32
centipoise and 1050 kg/m3 and 4.25 centipoise for oil-2,
respectively. Xu et al. stated that the viscosity of bio-oil is proportional
to the percentage of bio-oil in the media. They found that the viscosity
was 73, 129 and 192 when the ratio of bio-oil and diesel were 25:75,
50:50 and 75:25 respectively [39].

The amount of carbon residues were very closed in the bio-oil 
obtained from broiler litter (1.16%) and in layer litter (1.15%) (Table 
2). Carbon residue test is made for measuring of carbonaceous 
material left in fuels after removing all the volatile components. The 
amount of carbon residue was performed according to the ASTM D 
189 at Bangladesh Council of Scientific and Industrial Research 
(BCSIR), Dhaka, Bangladesh.

Parameter Method Broiler litter Layer litter

Color ASTM D 1500-64 >8 >8

Gross calorific value, kcal/kg IP 12/58 9900 9950

Carbon residue, % (w/w) IP 13/58 1.16 1.15
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Density, at 15°C g/cc IP 160/57 1.008 1.008

Viscosity, at 40°C IP 73/53 0.91 0.91

Table 2. Physico-chemical characteristics of bio-oil.

Bio-oil is a complex mixture of various types of liquid products 
such as water, acids, aldehydes, alcohols, ketones, furfurals, sugars, 
esters, phenol derivatives, phenols, lignin derived substances, 
and soon. Hu et al. analyzed the crude bio-oil and found a 
complex mixture of organic substances in it that are presented in 
Table 3.

Sl No. Main components RT/min Area w/%

1 formaldehyde 1.42 3.14

2 aldehyde 1.51 6.52

3 hydroxyacetaldehyde 1.61 3.14

4 hydroxypropanone 1.72 2.7

5 butyric acid 1.82 0.96

6 acetic acid 2.07 29.76

7 glyceraldehyde 2.6 3.54

8 3,4-dihydroxy-dihydro-furan-2-one 2.77 3.27

9 2,2-dimethoxy-ethanol 2.86 6.83

10 furfural 3.13 6.56

11 2,5-dimethoxy-tetrahydro-furan 3.5 3.47

12 4-hydroxy-butyric acid 4.27 0.43

13 5 h-furan-2-one 4.51 0.74

14 2,3-dimethyl-cyclohexanol 4.76 1.31

15 3-methyl-5 h-furan-2-one 5.19 0.38

16 corylon 6.15 1.18

17 phenol 6.59 1.57

18 o-cresol 6.8 1.12

19 m-cresol 7 1.46

20 2-methoxy-6-methyl-phenol 7.79 1.78

21 3,4-dimethyl-phenol 8.99 1.14

22 4-ethyl-phenol 9.7 1.31

23 3-(2-hydroxy-phenyl)-acrylic acid 10.1 1.53

24 catechol 10.81 3.53

25 3-methyl-catechol 11.9 1.36

26 vanillin 12.7 0.24
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27 4-ethyl-catechol 12.86 0.71

28 levoglucosan 14.73 9.95

29 2,3,4-trimethoxy-benzaldehyde 15.5 0.2

30 3-(4-hydroxy-2-methoxy-phenyl)-
propenal

15.8 0.15

Table 3. Composition of crude bio-oil.

Bio-oil can be an alternative substitute for fossil fuels to generate 
heat or power [40]. Boilers and furnaces can be fueled with bio-oil in 
the short term; on the other hand, turbines and diesel engines may 
be used for longer term. Utilization of bio-oil obtained from poultry 
litter as bio-oil for vehicle transportation might be possible, but it 
needs purification and further research. Sadaka and Boateng stated 
that transportation fuels such as methanol or other synthetic diesel 
can be derived from pyrolysis bio-oil through purification and can 
save some transportation costs. Sorunmu et al. stated that bio-oil 
obtained from fast pyrolysis contains oxygenated organic compounds 
and water that makes it unstable. It needs deoxygenation to make it 
compatible with refinery fuels. Inayat et al. stated that bio-oil is used 
as an alternative source of power for boiler and heavy engines. 
Moreover, it is also used as source materials for producing hydrogen 
energy, binder for electrodes, chemicals and plastics. Furthermore, 
there is a wide range of chemicals that can be extracted or derived 
from bio-oil. Biochar and bio-oil production from poultry litter will open 
a new era in waste management practices in bangladesh. It would be 
an effective tool for enhancing our crop yield, supplement bioenergy 
for vehicle transportation and reducing environmental pollution 
[41,42].

Conclusion
Layer and broiler litter biochar might be acted as a soil amendment 

which is a tool for enhancing soil fertility. Simultaneously it helps in 
the reduction of GHGs emission and increasing in agricultural 
production. Bio-oil also produced during pyrolysis of poultry manure 
that can also be used as bio fuel. The calorific value of bio-oil 
obtained from the pyrolysis of broiler and layer litter is very close to 
other bio-fuel and fossil fuels. It needs further research to purify and 
utilize it as bio-fuel.
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