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The quality of stable environments is crucial for maintaining 
the health of horses, minimizing air pollution, and potentially 
utilizing waste for fuel production. This study investigates the 
physical, chemical, and biological characteristics of dry horse 
bedding across twenty-four horse-riding clubs in Tehran. The 
objectives are to gather information on current stable practices 
and assess the suitability of used bedding for reuse or energy 
generation. The findings showed that the moisture content of 
the bedding ranged from 39.63% to 76.92%, resulting in high 
drying expenses. Ash content ranged from 7.73% to 17.20%, 
while nitrogen content was between 0.78% and 1.77%. Hydro-
gen levels were measured between 7.06% and 9.04%, and car-
bon content ranged from 14.74% to 24.46%. The particle size 
distribution indicated that 70% to 94% of particles were smaller 
than 3.15 mm, with 0.5% to 1.5% measuring below 0.075 mm, 
raising concerns about potential health risks due to the fine par-
ticles. The average gross calorific value was 19.0372 MJ/kg. 
While the pellet samples did not meet specifications for non-in-
dustrial use, used horse bedding pellets exhibited greater suit-
ability for industrial applications.
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1.	 Introduction
Horse stables located in urban areas present signif-

icant environmental concerns for authorities, such 
as pollution of water, soil, and air, along with fre-
quent complaints from residents living nearby due 
to the unpleasant odors. In developing countries, 
manure disposal becomes even more problematic 
due to limited access to biofuel technologies and 
inadequate systems for treating liquid waste like 
urine. Contaminated horse bedding is often recy-
cled for use in stables or managed through tradi-
tional composting, adding to the complexity of 
waste management efforts.

Considering environmental concerns, Lio et al. 
(2021) examined the exploitation of horse manure 
for energy recovery by combustion.[11] Airaksinen 
(2006) applied a life cycling assessment (LCA) to 
understand horse manure and bedding management 
and their effects on the air quality and environment 
of stables.[2] Horse waste is typically disposed of 
by spreading it on agricultural land or dumping 
it in landfills. Horse digestion produces methane, 
ammonia, and other byproducts that contribute to 
climate change. Stable waste is usually made up 
of 60% solid matter and 40% urine (Mong et al., 
2020; 39]. Monki et al. (2021) explored how differ-
ent bedding materials affect respiratory health, tra-
cheal mucus accumulation, and lower airway cell 
composition in healthy horses.[23] Fleming et al. 
(2008) studied a range of bedding types—includ-
ing wheat straw, wood shavings, hemp shives, lin-
en shelves, straw pellets, and paper cuttings—and 
found they contributed to the release of ammonia, 
carbon dioxide, nitrous oxide, and water vapor into 
the environment.[18]

In a short definition, biomass is a neutral car-
bon and can be defined as the amount of carbon 
released during combustion is the same as carbon 
received during growing. Solid biomass can be 
used as a fuel after compression, deformation, and 
changing to more diminutive cylindrical elements, 
named pellets. Regarding converting polluted 
horse bedding to energy production, Wartell (2009) 
evaluated the methane production potential of the 
anaerobic digestion of horse manure.[37] He con-
cluded that the presence of sawdust would intensify 
methane emissions. Furthermore, he reported that 
adding biomass containing a high carbon-to-nitro-
gen ratio (C/N) would cause a reduction in ammo-
nia emissions. Wartell et al. (2012) studied meth-
ane generation in horse stables.[38] They reported 
straw bedding had a remarkable methane potential 
than manure. In addition, soft wood-based bedding 

caused a decrease in the potential energy produc-
tion of stall wastes. 

Havukainen et al. (2020) studied the life cycle 
assessment (LCA) of horse manure management 
chains utilizing either sawdust or peat as bedding 
material.[19] The results indicated that combustion 
is the most favorable selection for sawdust manure 
for all studied impact categories, anaerobic diges-
tion is the most convenient option for the potential 
contraction of global warming, and combustion is 
the best option for eutrophication potential and the 
reduction in latent acidification for peat manure.  
Mönch-Tegeder et al. (2014) studied the feasibil-
ity of using straw-based horse manure in full-scale 
biogas. Their results indicated pretreatment of the 
substrates raises specific methane production by 
about 26.5%. [24]

The European Union considered horse manure 
with bedding as a biowaste, which should be used 
as fertilizer or bioenergy [2, 3]. Airaksinen (2006) 
suggested that compost made from horse manure 
and peat bedding could be an effective fertilizer 
for organic greenhouse cultivation of crops like 
tomatoes, sweet peppers, and cucumbers.[2] Scott 
(2012) noted that reducing moisture content to 
below 10% significantly enhances combustion 
efficiency.[32] Lundgren and Pettersson (2004, 
2009) assessed the application of horse manure, 
mixed with wood chips to produce heat energy. 
They are characterized by chemical compounds 
and ash content. [21, 22] Their results indicated 
that the fuel was applicable for heat production and 
creating low emissions, and the amount of heavy 
metal in the ash content was low in amount. Thek 
and Obernberger (2012) reported the optimized 
moisture of sawdust bedding for pellet production 
would be 12% to 13%. Additionally, sawdust wood 
pellets demonstrated the highest combustion effi-
ciency, producing no smoke and remaining intact 
during crushing.[35] Monch-Tegeder et al. (2014) 
explored the energy potential of straw-based horse 
manure, concluding that horse manure yielded 
promising results for bio-energy production.[24]

Several horse stables and riding schools are in 
Tehran province, Iran. Routinely, their bedding is 
wood and dry-manure-based. The present study is 
unique as a case study to investigate the number 
of horse clubs, horses, type and amount of con-
sumed food, and physical, chemical, and biological 
characteristics of horse stables bedding and riding 
school in Tehran.

The first objective of the present study was to 
experiment with the physical, chemical, and bio-
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logical characteristics of the polluted horse-used 
bedding in the stables in Tehran.  The second aim 
was to study the feasibility of consuming used 
horse bedding for re-bedding and energy produc-
tion (pelletization).  

2.	 Material and Methods
2.1.	 The study area
Tehran has an area of 730 km2, a population of 

around 8.5 million, is the largest city in Western 
Asia, and is located at 35^° 41^’ 4^” N and51^° 
25^’ 23^” E.  From the north, it reaches the Al-
borz mountains (about 1980 meters above sea lev-
el), and from the south, reaches the central desert 
(about 1200 m above sea level) (Figure 1). Teh-
ran contains four accurate seasons with an annual 
mean rainfall of about 220 mm. The maximum and 
minimum temperature and relative humidity of the 
city are 43℃,-15℃, and 40%, respectively [34].

2.2.	 Chemical characteristics of the bedding
Initially, the numbers of horse-riding stables, 

locations, bedding materials, and horse feed in 
Tehran province were surveyed (Fig. 1). The data 
collection process involved two main steps. First, 
we conducted a survey to determine the number of 
stables in Tehran. Following this, we visited the 
stables and interviewed the managers of various 
horse clubs. Horse bedding samples were gathered 
at three different stages early in the morning before 
the daily cleaning routine. These samples included 

a mix of contaminated horse manure with urine, 
sawdust bedding, and soiled wood chaff bedding. 
Additionally, we collected mixtures of dried, con-
taminated manure with bedding materials, as well 
as combinations of dried horse manure, fresh ma-
nure, and urine. Each set of samples was collected 
three times, and the average of the experimental 
results was recorded. The second sampling stage 
included the dry manure mixed with the fresh urine 
plus manure (one specimen); moreover, the pollut-
ed sawdust with fresh manure (samples 1 and 2).

We experimented with the moisture, ash, nitrogen, 
carbon, hydrogen contents, and calorific values in 
the first and second sampling stages. For moisture 
content, experiments were performed according to 
EN14774-1(2009).[13] In addition, we employed 
a moisture analyzer, model number MX-50 (A & 
D Company Ltd, Tokyo). Each type of sample was 
collected three times and recorded its average.

The nitrogen, carbon, and hydrogen amounts were 
based on the Pregl-Dumas method [29]. Therefore, 
we used the Perkin Elmer CHAN Analyzer (Mod-
el: PE 2400 Series II) for measuring the carbon, 
nitrogen, and hydrogen samples’ contents. In this 
regard, we exposed a sample of a known mass of 
the bedding in the presence of helium and oxygen 
in a chamber with a temperature of 980 Celsius. 
Then, the temperature decreased to 675 degrees. 
The sample released carbon dioxide, water vapor, 
and nitrogen.  The gases were passed through a 
particular column, a potassium hydroxide aqueous 

Fig. 1. The location of sampling stations in the study area
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solution, to absorb carbon dioxide and water. The 
carbon dioxide rising from the carbon combustion 
was trapped in a small tube containing soda lime, 
and water was trapped in a similar tube as hydro-
gen-containing phosphorus pentoxide. The com-
putation of the masses and percentages of carbon 
and hydrogen became possible. Then, the nitrogen 
gas was collected and measured. The absolute and 
detailed description of the Dumas method could be 
found in other sources [20, 29, 30].

We analyzed the calorific values using a bomb 
calorimeter according to ASTM E711(2004).[5] 
The calorific determination approach can be found 
in the Association of Official Analytical Chemists 
(Cunniff 1995) with more details and descriptions.
[10] EN ISO 17225-2 (2014) defines classes A1 to 
B with ash contents of < 0.7, < 1.2, and < 2.0.[16] 
For the use of quality classes, A1 to B in our study, 
standard EN ISO 17225-6(2014) for non-woody 
pellets with different values for classes A and B 
was used. Classes A1 to B refer to non-industrial 
use.[17] Part 1 in the standard is relevant for in-
dustrial purposes, i.e., EN 14961-1(2010) or ISO 
17225-1(2014). [14, 15] There is ash content class-
es A10.0+ (for > 10.0 w.-% dry basis) and nitrogen 
classes up to N3.0+ (for > 3.0 w.-% dry basis).

Several other essential chemical elements play 
a crucial role in combustion, including potassi-
um, chloride, and sulfur. Additionally, magnesium 
and calcium are significant, although they are also 

considered heavy metals. These elements are im-
portant for assessing ash melting temperatures and 
understanding slagging behavior during combus-
tion (K, Mg, Ca). Moreover, some of them form 
aerosols (K, Na, Cl, Pb, Zn), lead to corrosion (Cl) 
or are critical for ash deposition (all heavy metals). 
However, due to the budget limitation, such exper-
iments were not performed.

The available facilities for sieving analysis (vi-
bration, horizontal screening) experiment was at 
Kharazmi University, Soil Mechanics Laboratory, 
Karaj, Iran (Fig. 2). Sieve analysis was carried out 
in two stages. In the First stage of sieving analysis, 
four different types of polluted bedding were car-
ried out in early December, and in the second stage 
in March, 18 samples were performed. For any 
polluted type of horse bedding, three samples were 
collected, and the mean of the experimental results 
was recorded. All samples were dried at tempera-
tures of 105℃.(EN 14774,2009). For sieve analy-
sis purposes, we selected the Association of State 
and Highway Transportation Officials [1] to select 
the size of the sieve. The samples were not crushed 
to remove cohesion between particles before sieve 
analysis and vibration tests. Because the size of 
about 70% of a mixture of sawdust and horse bed-
ding was smaller than 3.15mm, we selected sieve 
sizes of 45, 16, 3.15, 2, 1.4, 1, 0.5,0.25, and 0.075 
mm. For measuring the humidity, the samples were 
weighed with a weighing device with an error of 

Fig. 2. Sieve analysis equipment used for different polluted horse bedding
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0.01 g.
Refer to Quinn’s 2001 report, which lists disturb-

ing pathogens of animal origin in priority one and 
two, according to available laboratory facilities 
and culture medium, a bed sample containing a 
mixture of dry manure and sawdust with fecal and 
urine contamination of horses was selected for the 
biological test.[28] The microbial culture of pol-
luted horse bedding samples was performed at two 
different times. The experiment was carried out in 
the faculty of veterinary at Tehran University. 

We experimented with the microbiology of bed-
ding, including Salmonella, Escherichia coli, and 
Listeria. The samples were a mixture of dry ma-
nure bedding and sawdust bedding contaminated 
with horse waste and urine. The samples were pre-
pared under the following circumstances:

•	 Mixing of fresh polluted samples from horse 
bedding 

•	 Mixing of bedding samples after 20 h in a 
60℃ in an oven.

•	 Mixing of bedding samples after 20 h in an 
80℃ in an oven

	 Mixing of bedding samples after 20 h in a 
100℃ in an oven

The available grow condition for the microbiolo-
gy test was MacConkey and blood agar in the lab-
oratory [39].

3.	 Results and discussion
3.1.	 Results of the survey and interview
Table 1 indicates the names of horse clubs, num-

ber of horses, types of foods, and amounts of food 
consumed by the horses.

We identified twenty-nine horse riding and train-
ing complexes in Tehran, encompassing 2106 sta-
bles, but only the information of twenty-four horse 
clubs was collected since the five other clubs’ 
information was not accessible. Horses are fed 
about six tons of alfalfa, barley, and stubble. For 
the racehorses, in addition to the main feed (Table 
1), concentrate, beet pulp, pomace, corn, and vita-
mins are also consumed. In these complexes, the 
horses’ bedding, manure, and food waste were the 
significant elements of the solid waste.  Moreover, 
twenty-four horse complexes used 7 to 8 tons of 
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1 Abrash + 3 kg Woodchip + 
4 kg Sawdust

Woodchip 
+Sawdust 78 7.5 7.5 15 427

2 Iran 
Novin + 5 kg Woodchip 35 4 3 4 11 141

3 Imam 
Khomeini +

5 kg Dried 
manure + 4 kg 
Stubble

50% Dried 
manure + 50% 
Stubble and 
dried manure

53 9.5 3 2.5 15 290

4 Ariasb + 5-10 kg Woodchip 110

5 Azmoon + 6 Kg Woodchip 280 3.5 4 4 11.5 1175

6 Alghadir + +
6 kg Dried 
manure + 5 kg 
woodchip

30% Dried 
manure + 70% 
woodchip + 
Dried manure

60 5 3 3 11 241

7 Jam + 5-10 kg Woodchip 51 6 3 9 168

8 Chitgar 5-1 kg Woodchip 88 10 4 14 450

9 Habibi  + 3-4 kg Dried manure 40 7 1 1  9 131

10 Rakhsh 
Saba  + 5-10 kg Woodchip 60 9 4 3 16 350

Table 1 - Statistical information of horse clubs located in Tehran province
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wood chips and sawdust daily for bedding (about 
2800 tons annually).

According to Table 1, from 24 horse club centers 
with 1809 horses, the horse manure production can 
be estimated at nearly 33 tons per day or 12,000 
tons per year. Only 1,900 tons of dry manure, 
which is eighty percent of the 2,400 tons of bio-
mass waste, has been dried, and with a maximum 
moisture content of 30%, 2,700 tons of fresh ma-
nure is returned to re-bedding. Therefore, at least 
9000 tons of the remaining manure produced by 

the horse should be managed flawlessly. The bed 
is contaminated with horse manure, which is left 
in the open air for a long time to lose its moisture. 

After drying, the manure is stored to be saved for 
the rainy season when this drying method is not 
possible. Horse manure generally requires one to 
two weeks to dry in the open air, depending on the 
ambient temperature. To prevent pest infestations, 
efforts are made to store the manure as far away 
from the horse stables as possible. If there is insuf-
ficient space for manure storage and it is not need-

11 Siahpoosh   
6 Kg Dried 
manure + 4 Kg 
Woodchip

60% Dried 
manure + 40% 
woodchip and 
dried manure

120

12 Samand + +
6 kg Dried 
manure + 5 kg 
Woodchip

A mixture of 
dried manure + 
woodchip

20 6 6 3 15 110

13 Sohanak  + 6 kg Dried manure 25 9 3 12 110

14 Shaki +  5- 10 kg 50% Woodchip 
+ 50% sawdust 28 5 5 3 13 133

15 Shahrak 
Ghazali +  3-4 kg Woodchip 

+ 4-5 kg Sawdust
Woodchip + 
sawdust 7 5 2 2 9 23

16 Shohada   6 kg Dried manure 225

17 Shabnam  +
4-5 kg Dried 
manure + 5-6 kg 
woodchip

50% Dried 
manure + 50% 
woodchip

36 8 3 2.5 13.5 177

18 Shakouri +  12-13 kg Woodchip 34 3 3 3 9 112

19 Milad +

6 kg Dried ma-
nure + 0.33 kg   
woodchip + 0.33 
kg sawdust

90% Dried 
manure + 10% 
woodchip and 
sawdust

30 7 6  13 142

20 Army 
Ground 
Forces

+  2 kg Sawdust 
+ 8 kg Dried 
manure

80% Dried 
manure + 10% 
sawdust +10% 
sawdust and 
dried manure

220 5 3 3 11 883

21 Nowruz 
Abad

+ 9 kg Dried ma-
nure + 0.15 kg 
stubble + 0.35 kg 
sawdust + 0.5 kg 
woodchip

90% Dried 
manure + 3% 
stubble + 7% 
sawdust and 
dried manure or 
woodchip

80 6 3 2 11 321

22 Namak 
Abroud

3-4 kg Dried 
manure + 6-7 kg 
woodchip

35% Dried 
manure + 65% 
woodchip

30 9 9 18 197

23 Abbas 
Abad

+ 8 Kg Woodchip 30 6 1  2 9 99

24 Saghafi + + 4-5 kg woodchip 
+ 4-5 kg dried 
manure

50% Woodchip 
+ 50% dried 
manure

69 6 3 3 12 302

Σ 1809 136.5 79.5 37 2 257 5982
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ed for landscaping around the stables, the manure 
is typically delivered to municipal waste manage-
ment. According to the club owner, manure with 
high nitrogen content and salts, but low phospho-
rus levels, is beneficial for lawns. This horse ma-
nure is often mixed with cow manure at a ratio of 
three parts horse manure to one part cow manure. 
Table 1 presents the amount of food and bedding 
used for horses in different stables.

We considered the mixture of bedding materi-
al, manure (dung), urine, and some food waste as 
the polluted beddings, including the contaminated 
sawdust bedding, the polluted chaff wood bedding, 
the polluted chaff wood, and dry horse manure, and 
the polluted dry horse manure.

The analysis on the first sieve was performed on 
samples kept in the oven for 20 hours with a hu-
midity of 10% at 105 degrees centigrade. The sec-
ond analysis was carried out on samples pretreated 
in the oven for 36 hours and humidity of 0%. Fig-
ure 3 indicates graduation for dried polluted horse 
bedding for three specimens for 36 hours and hu-
midity of 0%.

Our horse bedding samples consisted of horse 
manure and sawdust. About seventy percent of the 

material passed through the sieve with 3.15 mm, 
which means the size of the materials is accept-
able. The distribution of tiny materials in the air 
can influence public health adversely [31]. The 
minimum size of the sieve was 0.075 mm, which 
was a limitation of laboratory equipment. The size 
is seven times PM10 and thirty times PM2.5. In 
our samples, 1.5% of particle size was under 0.075 
millimeters. However, the aerosol particle size 
should be removed before using it as re-bedding 
for horses or pellets (Figure 3). For industrial use 
purposes, 97% of the particle should be less than 
3.15 mm [36].

Table 2 indicates moisture content, Ash content, 
Nitrogen content, Carbon content, and net calorif-
ic energy of different polluted horse bedding. The 
experimental study of the polluted bedding depict-
ed that the moisture content of the samples ranged 
from 21.20% to 76.92% (Table 2). The wood pellet 
has some specifications, which are illustrated in 
Table 3. According to Scott (2012) and Thek and 
Obernberger (2012), the optimized range of mois-
ture could be considered between 10% to 12%. 
Therefore, to produce energy, the selection’s mois-
ture needs to be reduced. However, about 23% of 
energy is used for drying the material [32, 35].

Fig. 3. Sieve analysis for collected samples, testing results
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      Ash is a mineral material, which remains after 
the complete combustion and burning of all organic 
material. All samples had higher ash contents than 
the mentioned standard (Table 3). Ash production 
alone does not determine the feasibility of reusing 
materials for horse bedding; however, minimizing 
ash is crucial for effective energy generation. It 
is vital to have a proper outlet in the combustion 
chamber for ash removal, ensuring that solid ash 
can be cleared at appropriate intervals [35]. De-
spite this, some fuels may face issues such as ash 
lumping and slag formation [7]. Thus, while ash 
content is significant for combustion efficiency, the 
quality of the ash and its propensity for slagging 
are equally important factors to consider. For in-
stance, high amounts of potassium raise ash melt-

ing behavior and slagging tendencies. These are 
more significant problems than the overall higher 
ash content for industrial. 

The nitrogen content does not affect the pellet 
production directly or reusing for horse bedding. 
However, it causes an increase in nitrogen oxides 
(NOX), which is a greenhouse gas[26]. Carvalho 
et al. (2008) indicated that the emission rate of 
the NOx from wood biomass would be 300 mg/
MJ.[7] Nevertheless, the NOx emission amount 
from horse manure was between 450 and 600 mg/
MJ. According to DIN 51731(1996) and ONORM 
M 7135(2003), the optimum value of nitrogen 
content was less than 0.5.[12] The experimental 
results showed that the nitrogen content of our 
horse bedding was higher than the standard. Car-

Table 3. The comparison between the non-industrial Specifications of wood pellets and our results

Table 2- moisture, Ash content, Nitrogen content, Carbon content, and net calorific energy of different polluted horse 
bedding.

Samples Moisture 
content (%)

Ash content 
w.-%  

Nitrogen 
content (%)

Carbon 
content (%)

Net calorific 
value (MJ/kg)

The polluted sawdust bedding 
(PSDB)

76.92 7.73 1.47 - 19.43

The polluted chaff wood bed-
ding (PCWB)

72.45 9.50 1.36 - 21.23

The polluted chaff wood and 
dry horse manure (PCWDHM)

39.63 17.20 1.77 - 16.79

The polluted dry horse manure 
(PDHM)

74.55 10.15 1.54 - 18.73

The dry manure mixed with 
fresh urine and manure (DM-

FUM) 

21.20 - 1.64 24.18 -

The sawdust polluted with 
fresh manure (sample 1) 

(SPFM)

24.40 - 1.42 28.61 -

The sawdust polluted with 
fresh manure (sample 2) 

(SPFM)

36.46 - 0.78 19.08 -

The minimum re-
sults of our study

BA2A1UnitProperty 
class

- Used Horse 
bedding

- Forest, plantation, and 
other virgin wood
- By-products and
residues from wood
processing industry
- Used wood

- Whole trees without 
roots
- Stemwood
- Logging residues
- Bark
- Chemically untreat-
ed wood residues

- Stemwood
- Chemically 
untreated 
wood residue

Origin & 
source a

21.2≤10≤10≤10W%Moisture (M)

7.73≤3.0≤1.0≤0.5a
≤0.7a

W% - dryAsh (A)

16.79≥16.5≥16.5≥16.5MJ/kgNet calorific 
value (Q)

0.78≤0.3≤0.3≤0.3W% - dryN
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valho et al. (2008) reported the suitable nitrogen 
content of combustion at 0.6% of dry weight.[7] 
Lundgern and Pettersson (2009) achieved 1.8% ni-
trogen for horse manure mixed with a straw and 
0.9% nitrogen content for wood bedding. Cotton 
(2009) found 0.64% of dry-weight nitrogen from 
wood bedding.[9] Alakangas (2010) proposed the 
1 % nitrogen content of the bedding for class B 
pellets.[4] The reduction of nitrogen oxide (NOX) 
would decrease the ratio of oxygen per fuel, which 
means the suitability of manure as fuel is practical 
[4, 7, 8, 9]. 

The nitrogen content in the present work is in-
consistent with Lundgern and Pettersson’s (2009) 
study. However, for all samples except sample 2, 
nitrogen was too high for combustion. Only the 
sawdust polluted with fresh manure (sample 2, 
Table 2) met the maximum permissible amount of 
nitrogen content for domestic use. The high nitro-
gen content in pellets enforces pellet producers to 
pretreat their raw material [26]. Using additives or 
more wood is a method to decrease nitrogen con-
tent. The flue gas recirculation method can reduce 
NOx during combustion by 20% [41].

Hydrogen, carbon, and oxygen contents are the 
crucial parameters for biomass fuels [7]. Hydrogen 
can increase the gross calorific value while it re-
acts with oxygen. In other words, the net calorific 
value will decrease due to H2O production. In ad-
dition, hydrogen can cause the release of HCl or 
chlorinated hydrocarbons [7, 26]. Some chlorinat-
ed hydrocarbons are of great toxicity to plants or 
animals, including humans [8]. This is a problem 
if we have high Cl content in fuel. For assessing 
HCl production, Cl should be measured. However, 
because of budget limitations, the experiment was 
not carried out.

The higher carbon content in the polluted horse 

bedding increases the calorific value and com-
bustion quality. Our results indicated that carbon 
contents varied between 19.08% and 28.61% on a 
dry-based weight, lower than in other parts of the 
world. Lundgren and Pettersson and Carvalho et 
al. (2008) studied horse manure mixed with straw.
[7] They reported that the allowable carbon con-
tent was 43.6%. Cotton (2009) examined the wood 
bedding in Florida, United States, and achieved 
42% carbon content.[9] The composition of bed-
ding material, including wood and non-wood ma-
terials, and the region could influence the carbon 
content [26]. In this study, the majority of the col-
lected samples consisted of a maximum amount of 
manure and a minimal amount of wood material. 
This is largely due to economic constraints in Iran, 
which limit stable owners’ ability to incorporate 
additional wood materials into bedding. Wood bio-
mass typically has a higher carbon content com-
pared to non-woody biomass, resulting in a greater 
gross calorific value [27]. In woody biomass, there 
are high amounts of lignin which has a higher C 
compared to cellulose. Therefore, we have more 
C in wood than reused horse bedding. Re-bedding 
carbon content is not considerable.

The ratio of carbon to nitrogen (C/N) can affect 
the gross calorific value. The C/N ratio in our 
work was between 14.74 and 24.46, which was 
less than the other studies. Cotton (2009) achieved 
the C/N of horse bedding in Florida, polluted with 
manure and urine, at 72.1.[9] Furthermore, Smith 
and Swanson (2009) found that the C/N of horse 
bedding in Virginia, contaminated with dung and 
urine, was 72.1. The addition of chip wood or 
waste wood to the horse bedding samples can im-
prove the ratio of C/N [7, 33]. 

We compared the minimum values of our ex-
perimental results to the standard values of some 

Table 4. The comparison between the industrial specifications of wood pellets and our results (Verhoest and Ryckmans, 2012)

The minimum re-
sults of our study

I3I2I1UnitProperty 
class

- Used Horse 
bedding

- Forest, plantation, 
and other virgin 
wood

- Forest, planta-
tion, and other 
virgin wood

- Forest, plantation, and 
other virgin wood
- Chemically untreated 
wood residue

21.2≤10≤10≤10W%Moisture (M)

7.73≤3.0≤1.5≤1.0W% - dryAsh (A)

16.79≥16.5≥16.5≥16.5MJ/kgNet calorific 
value (Q)

0.78≤1.5≤0.5≤0.3W% - dryN
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specifications of the wood pellet for non-industrial 
use (Table 3). According to Table 3, the moisture, 
ash, and nitrogen contents of the horse bedding 
samples did not match the standard values of men-
tioned classes of wood pellets. One of the limita-
tions of utilizing manure combustion is the amount 
of moisture content which is about 60%. Lio et 
al. (2021) reported that for removal of 62% w.b. 
moisture decreases by 23% potential energy con-
tent of the manure.[11] Also, nitrogen content may 
create public health problems and global warming. 
Ash content removal needs a budget and a suitable 
landfill. However, the net calorific value had an ac-
ceptable value.

         According to the result in Table 4, the in-
dustrial use of the horse bedding pellets was more 
satisfactory. The minimum nitrogen content, which 
was 0.78 and less than 1.5, and the net calorific 
value of the samples (16.5 M/kg) met the standard 
for industrial use. However, the ash was 7.73%, 
which is more than 3%, and the moisture content 
was 21.2%, which was more than 10%. However, 
the moisture content can be reduced by drying.

To analyze the microbial specifications of the 
bedding samples, we dried the used horse bedding. 
To identify the optimum temperatures and times 
required for removing the pathogenic bacteria, we 
compared the polluted samples with different sam-
ples, which were dried by 60, 80, and 100   for 20 
hours. According to Winn et al. (2006), we grew 
the specimen in the framework of MacConkey and 
blood agar in the laboratory. In the direct sample, 
the growth and reproduction of all three types of 
bacteria, including Listeria, Salmonella, and Esch-

erichia coli, as well as bacteria of the families Ba-
cillus, Staphylococcus, Klebsiella, Pseudomonas, 
and Crinibacterium were observed [40].

In the samples, which dried at 60℃, germ-neg-
ative bacteria such as Salmonella and Escherichia 
were removed (Fig. 4). Biswas et al. (2019) report-
ed E coli and Salmonella were undetected within 
an hour at 60°C. [6] Our result is inconsistent with 
the mentioned study. Other bacteria, such as Kleb-
siella, Pseudomonas, and germ-negative bacteria 
such as Bacillus, Staphylococcus, and Listeria, 
were observed in the growing condition.

In the samples, which dried at 80, gram-negative 
bacteria such as Bacillus, Staphylococcus, Liste-
ria, and germ-negative Pseudomonas bacteria were 
observed. At 100, all the bacteria were eliminated 
(Fig. 4). The results match the optimized energy 
for drying the samples.    

4.	 Conclusions
Considering the results and discussions of the 

experimental work associated with the used horse 
bedding, we summarize the following conclusions:

•	 	 The polluted horse bedding in Tehran con-
tained a high amount of moisture content, 
which is crucial to dry before being used for 
energy production or reuse.

•	 	 The ash content was between 7.73% 
and 17.20%, which means the contaminat-
ed horse bedding in Tehran has higher ash 
content than the other wood pellets. The ash 
content of used horse bedding contained high 
ash, which is not suitable for pellet produc-

Fig. 4. The growing and removal of bacteria in different temperatures 
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tion. Not only the ash content is important for 
combustion, but also ash quality and slagging 
are significant. For instance, high amounts of 
potassium increase ash melting behavior and 
slagging tendencies. 

•	 	 The nitrogen content in used horse bedding 
was between 0.78% and 1.77%. The sample 
containing 0.78% nitrogen was in class B of 
the pellet production. Merely the sawdust 
polluted with fresh manure (sample 2) sat-
isfied the maximum permissible amount of 
nitrogen content for domestic use. Consum-
ing additives or more wood consumption are 
suggested for decreasing nitrogen content. 
In addition, a flue gas recirculation method 
for reducing nitrogen content is also recom-
mended.

•	 	 The used horse bedding, in the present 
study, contained a permissible net calorific 
value for industrial use. 

•	 	 The hydrogen content of the used horse 
bedding was between 7. 06% and 9.04%, and 
carbon content varied between 14.74% and 
24.46%. The parameters are not essential to 
produce pellets. However, the amount of hy-
drogen was higher than other biomass, which 
leads to an increase in the gross calorific val-
ue. Tehran horse bedding has a lower wood 

material content than other parts of the world. 
The amount of carbon was about half of an-
other biomass.

•	 	 The average gross calorific value of the 
horse bedding was 19.0372 MJ/kg. The 
amount of energy from combustion and the 
production of pellet fuel was suitable. How-
ever, the gross calorific value is not determi-
native for reusing horse bedding.

•	 	 More than 70% of the bedding particles 
were less than 3.15 mm, and 1.5% of them 
were less than 0.075 mm. The bedding par-
ticle sizes were suitable for the production 
of pellets and combustion. However, aerosol 
particles (PM10 and PM2.5) that are less than 
0.075 mm must be removed for reusing as 
horse bedding.

•	 	 We observed Salmonella, Escherichia coli, 
Pseudomonas, and reproduction, and growth 
in all polluted bedding samples. Other bac-
teria, such as Klebsiella, Pseudomonas, and 
positive, gram bacteria, for instance, Bacil-
lus, Staphylococcus, and Listeria were also 
detected in the condition of bacteria growth. 
All mentioned bacteria were removed at 
100℃ after 20 hours.
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