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Abstract — Poultry Wastes (PW) are rich biomass types which
can be utilized as renewable energy sources in energy conversion
systems. The PW is a mixture of poultry litter and organic
materials spread on the poultry houses ground. In this paper,
combustion of the poultry waste alone and mixed with coal in a
combustor set up are implemented, and emissions are monitored.
Experimental results reveal that, co-combustion of PW in an
existing combustor firing coal can be considered as the best
environment-friendly remedy to dispose the facility wastes while
reducing the combustion emissions of the system.
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. INTRODUCTION

Poultry waste is recognized as the main source of pollution
from poultry farming. In confined areas, the poultry industry
generates a huge amount of waste as a by-product [1]. PW
mixture consists of the manure resulting from poultry
production, bedding litter used for poultry housing (e.g.
sawdust or rice husk), waste feed, dead birds, broken eggs and
removed feathers. These by-products components (i.e. litter
and manure) have a high nutritional value and can be used as
an organic fertilizer, therefore they have traditionally been
utilized as an amendment by spreading them on the soil [2];
however, over-application can result in enrichment of water
soluble nutrients and in eutrophication of water sources [3].

There are four main alternative disposal routes for poultry
waste; composting, anaerobic digestion, gasification and
combustion.

Composting is the aerobic (i.e. oxygen-requiring)
degradation of organic waste by microorganisms under
controlled conditions. The composted material is odorless with
lower moisture content. However, composted PW presents
some disadvantages. The major problem contributing to waste
composting is the nutrient runoff, this nitrogen loss results in
an undesirable volatilization of ammonia to the atmosphere or
nitrate to water bodies, hence obtained materials will have less
economic value [2, 4, and 5]. Anaerobic digestion is a natural
process by which agricultural and municipal wastes are
decomposed and stabilized by bacteria in the absence of
oxygen (i.e. anaerobically) producing methane and other
inorganic products including carbon dioxide. This method,
however also has some disadvantages and is becoming more
and more restricted. Anaerobic digestion of PW is a relatively
slow process (10-30 days) and requires liquefaction and the
use of plenteous water and there is also a seasonal limitation
for this application [6 and 7].

Another alternative disposal method is gasification of PW
with the potential for producing H,-rich fuel gas or syngas
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(H,+CO). Gasification is a process which involves the
conversion of the waste in the presence of gasifying agents
like O,, CO,, water or air at below stoichiometric levels [8 and
9]. Tar formation and related operational problems are among
the issues that must be solved [10], furthermore, in contrast to
combustion, the gasification of PW has been limited to small-
scale and laboratory applications [8].

The forth alternative disposal route is combustion with the
potential to provide a sustainable and environmentally-
friendly disposal technology for the PW providing for both
facility space heating and large-scale power generation [2].
Combustion of PW represents a promising alternative to
energy generation and reduction of emissions of the poultry
house facilities.

However, according to the previous studies [11,12 and 13],
complete combustion of PW alone due to the high moisture
and ash contents as well as low heating value of the poultry
waste could result in some problems; therefore, co-combustion
of PW with coal (or lignite) can be considered as a better
alternative remedy [14].

Co-combustion of poultry wastes with coal has the
following advantages [1 and 5]:
minimization of poultry farming wastes
reduction of fossil fuel consumption
minimization of the system emissions
decrease of the anaerobic release of CH,, NH3, H,S,

volatile organic acids due to the reduced storage time.

The purpose of this paper is to present the results obtained
from an experimental study on combustion and co-combustion
of PW in a special bottom-feed combustion system with
respect to the changes of the emissions characteristics
including CO, CH,, O,, SO, and NO, under different excess
air ratio (n) and different percentages of poultry waste in a
PW+coal mixture. Besides this, combustion losses and
efficiency are also observed to get a deeper view into the
combustion and co-combustion characteristics of different
types of poultry waste.

I1. EXPERIMENTAL

Two tests are conducted; combustion of PW-only and co-
combustion of PW with coal. The PW+coal ratios (based on
mass flow rate) tested are 0/100, 25/75, 50/50 and 75/25. For
example, 25% PW in the 25/75 fuel mixture means that the
fuel mass provided by the PW portion of the fuel mixture was
25% of the total mass flow rate of the fuel mixture and the
emission and combustion characteristics of the PW+coal
mixture are compared with each other and coal-only results.
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TABLE |
CHARACTERISTICS OF POULTRY LITTER WITH SAWDUST AND POULTRY LITTER WITH RICE HUSK
Poultry litter with sawdust Poultry litter with rice husk (PWR) Tungbilek
(PWS) coal
Proximate analysis (as received %)
Moisture 18.16 32.57 7.50
Volatile matter 56.17 48.39 27.50
Ash 16.64 10.85 23.70
Fix carbon 9.04 8.20 41.30
Total sulphur 0.60 0.00 -
Ultimate analysis (as dry basis %)
Carbon 37.31 39.90 59.29
Hydrogen 441 4.79 461
Nitrogen 9.96 8.70 2.10
Sulphur 0.73 - 1.81
Thermal analysis (kcal/kg)
Higher heating value (HHV) 2992 2701 5553
Lover heating value (LHV) 2688 2343 5273
Temperature Sensitivity Analysis (°C)
Deformation temperature 1258 1360 -
Softening temperature 1417 >1500 -
Hemisphere temperature >1500 >1500 -
Fusion temperature >1500 >1500 -

A. Fuel characteristics

In this study Tungbilek coal and two types of PW (chicken
manure with sawdust, PWS and chicken manure with rice
husk, PWR) are investigated. Both sawdust and rice husk are
raw material for poultry litter and manure. PW properties are
important in the combustion processes, particularly moisture
content, fractions of fixed volatiles and calorific value.

Proximate, ultimate and temperature sensitivity analyses
and calorific values corresponding to both PW types and
Tungbilek coal are presented in Table I. As it is seen from this
table, high levels of moisture and ash are recorded for both
PW types, which results in heating values approximately 50%
less than that of the coal. Regarding the proximate analysis,
coal has a higher carbon and sulphur content than poultry
wastes, but on the contrary nitrogen content is higher in waste
samples. The hydrogen content is almost equal for all
investigated samples.

TABLE Il
ANALYSES OF THE ASH OF POULTRY LITTER WITH SAWDUST

Element Poultry litter with sawdust
K0 10.86
Na,O 1.68
MgO 3.28
Al,O; 2.28
P,0s 10.19
S 6.0
Cao 15.82
Fe,O3 7.42

Due to the high mineral content, the ash composition of
poultry litter with sawdust is also analyzed and the results are
presented in Table II.

B. Experimental set-up

The experimental set-up is a special bottom-feed
combustion system. Via this feeding system, a combustion of
high-volatile content coal and biomass with high efficiency
and low emissions can be achieved. A schematic diagram of

the combustor is shown in Fig. 1. The thermal capacity of the
combustor is about 80 kW and it is used in hot water
production. Generally, the experimental set up is designed to
operate with chicken farm waste and coal.

The analysis of the flue gas is carried out on the exiting gas
from the combustor. Concentrations of CO, CH,4, NO, and SO,
are measured with methods explained in Table I11.
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Fig.1. Schematic diagram of combustor

Il. RESULTS

Combustion and co-combustion experiments are carried out
to investigate the feasibility of the poultry waste combustion
and to increase the understanding of the dynamic
characteristics of the combustion process in the special
bottom-feed combustor when using poultry waste and
coal+poultry waste mixtures. To this end, the first combustion
results including combustion efficiency and CO, CH,, NO,
and SO, emissions are examined with respect to the excess air
ratio variation and then co-combustion tests are carried out in
order to investigate the co-combustion performance of poultry
waste with rice husk and Tungbilek coal.
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TABLE Il
CHARACTERISTICS OF POULTRY LITTER WITH SAWDUST AND POULTRY LITTER WITH RICE HUSK
Analyzer Methods of measurements Sensitivity Meas. ranges
O, / Rosemount Paramagnetic properties of O, +-1% 0-100 (%)
CO-CO,/ Rosemount NDIR - Non dispersive infrared +-1% 500 ppm / 5%
CO-CO,/ Rosemount NDIR - Non dispersive infrared +-1% 5% / 15%
SO, / Rosemount NDUV - Non dispersive ultraviolet +/- 2 ppm 2000 ppm
NO-NO,-NO,/ UPK Chimiluminescence +/- 1 ppm 5000 ppm
FID-Flame ionization detector (gives hydrocarbon :
CmH, / UPK concentration as CH) +/-0.01 ppm 10000 ppm
A. Combustion results
Fig 2 shows the effect of excess air ratio on the 8000 —
combustion emissions of PWS. Since the sulphur content of _mCH4
the PWS is almost zero, the SO, emission could be ignored, 6000 —&-NOx X
therefore the pollutants emission focuses on the NO,, CO and — —+-802

CH, concentrations in flue gas. As it can be seen from this
figure, the increase of excess air ratio from 1.30 to 2.73 has a
very little effect on NO, emission, but it first leads to a sharp
decrease and then a notable increase in the CO and CH,
emissions. The reason for the CH, increase after 1.55 excess
air ratio is probably the presence of the un-oxidized
hydrocarbons (C.,H,) due to the insufficient residence time of
the volatile matters in the combustor as a result of the high
excess air ratio [15].

In conclusion, this observation indicates that, for
minimizing the emissions of the PWS combustion, the ideal
excess air ratio is in the range of 1.5-1.6.

Fig 3. displays the variations in CO, CH4, NO, and SO,
emissions by increase of excess air ratio from 1.29 to 2.23 for
PWR combustion. Similar to the combustion of PWS, the
increase of the excess air ratio has an insignificant effect on
NO, and SO, emissions, but it plays a major role on CO and
CH, emissions changes. It must be noted that the oxygen
concentration can restrain the CO formation [1].

However, an excess air ratio range of 1.45-1.50 can be
considered as optimum value from the CO and CH4
concentration point of view.

Considering the fact that the system is working under the
ideal condition (i.e. most proper range of the excess air ratio),
the minimum emissions for both cases (PWS and PWR) are
obtained and summarized in Table IV. On the other hand,
emission limits for different types of fuel according to the Air
Quality Control Regulation (AQCR) of Turkey are presented
in Table V. Comparing data in two tables reveals that only the
CO concentration is found to exceed the limit value.

The effect of excess air ratio on the Lco (combustion loss
due to carbon monoxide incomplete combustion), Lcp
(combustion loss due to hydrocarbons incomplete
combustion), Lc (combustion loss due to unburned carbon in
ash) and combustion efficiency of the PWS combustion are
shown in fig 4. L¢o and L¢, can be calculated using CO and
CmHnemissions of the flue gas and L calculation is made by
weighing and analyzing the collected ash from the ash hopper
at the bottom of the combustor.
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Fig.2. CO, CH,4, NOy and SO, emissions of combustion of the poultry litter
with sawdust (PWS).

4000
—-=CO
& CH4
3000 ~=NOx
~-502

2000 \
1000 \
0 ngc—’“ézjﬁét

1.2 1.4 1.6 1. 2.0 22
Excess air ratio

Emissions (based on 11% 02)
[mg/Nm3]

Fig.3. CO, CH4, NO4 and SO, emissions of combustion of the poultry litter
with rice husk (PWR).

All losses show a significant reduction by increasing the
excess air ratio from 1.3 to 1.6, particularly the hydrocarbons
loss by 18%, but the further increase of the excess air ratio
from 1.6 to 2.7 results in a steady increase. At the same time,
combustion efficiency first increases to almost 94% and when
excess air ratio reaches over 1.7, a notable drop is observed.
The reason may be the higher elutriation rate of the excess air.
Therefore, an excess air ratio range of 1.6-1.7 can be chosen
as the most appropriate operation range for PWS combustion
from the combustion efficiency perspective.

The effect of the excess air ratio on combustion
performance of the PWR is illustrated in Fig. 4. It is shown
that the variations of the unburned carbon losses and
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combustion efficiency follow almost similar trends to those of
PWS combustion, but the same result cannot be observed for
incomplete hydrocarbon and carbon monoxide combustion.
Fig. 5 indicates that, despite the remarkable reduction of Lcy,
and Lo for increase of the excess air ratio from 1.3 to 1.4,
these losses remain almost unchanged and near to zero when
the excess air ratio reaches over 1.4. The expected reason for
this is the higher volatile matter contents of the PWR in
comparison to the PWS.

However, from the combustion performance aspect, the
excess air ratio of 1.5-1.75 can be considered as the best
operation range for PWR combustion.

TABLE IV
STACK GAS EMISSIONS WHILE SYSTEM OPERATES UNDER THE IDEAL
CONDITION
Fuel CO [mg/m?] S0, [mg/m’] NO,[mg/m?]
PWS 389 32 224
PWR 83 0 212
TABLE V

EMISSION LIMITS FOR FUELS ACCORDING TO AIR QUALITY CONTROL
REGULATION (AQCR) OF TURKEY [16]

Fuel CO [mg/m?] SO,[mg/m’] NO,[mg/m]
Solid 250 400 800
Liquid 175 1700 800
Gas 100 100 500
24 -
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Fig.4. Effect of excess air ratio on the poultry litter with sawdust (PWS)
combustion losses (Lo, Leh and L) and combustion efficiency.

B. Co-combustion results

In this section, baseline data of co-combustion is first
obtained for combustion of the coal alone and then co-
combustion tests for poultry waste with rice husk mass
fractions of 25%, 50% and 75% are performed. The
combustion emissions of CO, CH,, NO, and SO, as a function
of PWR mass fraction are shown in Fig. 6. It can be obviously
seen that the increase of the PWR mass fraction results in the
increase of CO and CH, emissions. The cause of the increase
of the CO emission can be categorized as follows [12]:

e Raising hydrocarbon concentration due to the higher
amount of volatile matter released from PWR can prevent

further CO oxidation [17].

o Relatively high content of PWR results in the formation
of HCI, which can inhibit the CO oxidation by consuming
the radicals OH and HO, [18].

e Unburned volatile matter can be considered as an
additional source of CO [12].

Furthermore, the increase of CH, emission by increasing
PWR mass fraction can be explained again by higher volatile
content of the poultry waste (Table I).

_21 Lo T
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P —--Lch 85 2
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Fig.5. Effect of excess air ratio on the poultry waste with rice husk (PWR)
combustion losses (Lco, Len and Le) and combustion efficiency

Also, as it can be obviously seen from Fig. 6, the increase
of PWR mass fraction reduces the NO, emission. The
probable reason can be explained by the following reaction
[19]:

2NO +4NH + 20, <> 6H,0 (1)

Increase of the PWR mass fraction enhances the volatiles
and subsequently the fuel-rich condition in the combustor,
therefore NO, emission decreases via the equation (1) [12].

In addition, Fig. 6 displays that the SO, emission is
decreasing notably as the mass fraction of the coal decreases
from 100% (coal alone) to 25%. The cause for SO, emission
reduction is due to the lower sulphur content of the PWR in
comparison to Tungbilek coal (Table I).

Fig. 7 shows the combustion loss and efficiency variation
for different percentage of PWR in the fuel mixture.
Combustion losses from incomplete burned carbon monoxide
(L) and incomplete burned hydrocarbons (Lcy,) increase and
losses from unburned carbon in ash (Lc) decrease while the
PWR percentage in the fuel mixture increases. As it explained
in the previous section, the higher volatile content of the PWR
is responsible for mentioned combustion losses. Moreover, as
the PWR percentage increases in the fuel mixture, the
combustion efficiency decreases. In summary, the lower coal
percentage in the fuel mixture, the lower the combustion
losses, so the higher the combustion efficiency. However, it
must be noted that the negative effect of PWR addition on the
combustion efficiency is almost ignorable (approximately
0.57% efficiency decrease for 75/25 case).
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1.4 Based on the experimental results, for both poultry waste
b3 = %100 Coal types, an average excess air ratio range of 1.5-1.6 can be
' ':/"25 P“:“*:/”S i considered as optimum value from the combustion
< 10 ;03(5) i&i i ;’;2 €°a:* performance perspective.
508 > Ly Comparing the combustion results with emissions limit
2 values of the Air Quality Control Regulation (AQCR) of
= -
5 o Turkey reveals that, apart from CO concentration, other
204 emissions are below the allowable limits.
S 5% - For co-combustion of poultry waste and lignite coal,
’ mE various ratios of PWR to Tungbilek coal ranging from 0 to 100
0.0 — — ‘ wt.% are tested. The increase of the PWR mass fraction results
e IS S in the increase of CO and CH, and reduction in NO, and SO,
(a) emissions. Combustion efficiency of the PWR co-combustion
129 is found to be about 98-99%.
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IV. CONCLUSION

The experimental results obtained within this study
confirm that combustion of poultry waste can be considered as
an alternative source to clean energy generation and
efficacious method to reduce the emissions of the poultry
house facilities. In this regard two methods are investigated,;
combustion and co-combustion.

Combustion experimental results reveal that for both PWR
and PWS, the increase of the excess air ratio has a remarkable
effect on CO and CH, emission while its effect on NO, and
SO, emissions are ignorable. Moreover, the increase of the
excess air ratio leads to first an increase and then a decrease in
the combustion efficiency.
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