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RESUMEN

El biosecado consiste en evaporar el agua de un sustrato biodegradable mediante el calor 
generado en la fermentación aerobia. Para conseguir una biomasa con baja humedad a 
partir de los residuos de jardinería de un campus universitario, se ha aplicado este proceso 
de secado biológico a dichos residuos. Por otra parte, se quiere analizar la influencia que 
tiene la adición de un agente texturizante en el proceso. El biosecado de este sustrato se 
realiza en 10 reactores con caudal de aire conocido entre 0.88 y 6.42 L/min• kg (d/w). Al 
sustrato de cinco reactores se añadió un 15 % de material texturizante (MT), y los otros 
cinco solo con césped. Los parámetros que influyeron en el proceso fueron: aireación, 
temperatura y humedad inicial del biorresiduo. Los resultados obtenidos indicaron que 
los ensayos con MT presentaron una mayor reducción de humedad; después de 20 días el 
contenido en agua se redujo entre un 50 y un 69 %, permitiendo la producción de un com-
bustible biomásico con un poder calorífico inferior (PCI)  de entre 11063-13709 kJ kg–1. 
Después de la experiencia se concluyó también con que el MT mejora la reducción de 
humedad, la reducción de amoniaco y permite un buen desarrollo de la fase termofílica. 
Sin embargo, el aumento del caudal de aire proporcionado al reactor no es linealmente 
proporcional a la pérdida de peso del sustrato. 
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ABSTRACT

Biodrying consists on evaporating the water from a biodegradable substrate by the heat 
generated in the aerobic fermentation. To achieve a biomass with low humidity from 
garden waste of a university campus, this biological drying process has been applied. On 
the other hand, the influence of bulking agent (BA) for improving the process must be 
analyzed. In this work the effect of biodrying process on properties of lawn mowing and 
garden waste used as substrate was studied. Biodrying was performed in 10 reactors with 
known aeration rate from 0.88 to 6.42 L/min• kg d/w. Five reactors had 15 % of bulking 
agent (BA) and five reactors had only grass. The parameters influencing the process were: 
aeration, temperature and initial moisture of biowaste. The results obtained indicate that the 
essays with BA presented the best reduction of moisture; after 20 days the water content 
of waste was reduced between 50 and 69 %, allowing the production of biodried waste 
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with a low heat value (LHV) between 11063-13709 kJ kg–1. After the experiences it is 
also found that the BA improves moisture reduction, drops NH3 production and permits 
good performance of thermophilic phase. However, the increase in aeration rate was not 
linearly proportional to the weight loss.

INTRODUCTION

Biodrying take advantage of strongly exothermic 
reactions from the biological activity, for the partial 
evaporation of the high humidity from the organic 
wastes, while preserving calorific power. The mois-
ture content of the waste matrix is reduced through 
two main steps: (1) water evaporate (i.e., the change of 
state from liquid to gaseous occurs) from the surface 
of waste fragments into the surrounding air; and (2) 
the evaporated water is transported through the matrix 
by the airflow and removed with the exhaust gasses. 
Limited amount of free water may seep through 
the waste matrix and be collected at the bottom of 
the biodrying reactor as leachate (Velis et al. 2009). 

Biodrying is a significant alternative for treating 
municipal solid waste (MSW) (Velis et al. 2009), 
mixed sludge (Navaee-Ardeh et al. 2006, 2010) and 
lawn mowing and garden (green) wastes (Robles-
Martínez et al. 2012, Colomer-Mendoza et al. 2012a). 
Because of the different objectives of each process, 
biodrying differs from composting process but, in 
general terms, the former could be considered as a 
variation of the latter, being the main difference the 
sojourn time. While in a compost process the so-
journ time could be three months or even more, the 
sojourn time in biodryng process in reactors moves 
from 1 to 2 weeks (Sugni et al. 2005, Velis et al. 2009, 
Tambone et al. 2011, Robles-Martínez et al. 2012), 
or 2 to 3 weeks in windrow at greenhouse conditions 
(Colomer-Mendoza et al. 2012a, Robles-Martínez et 
al. 2012, 2013).

After biodrying the refuse can be used as a source 
of energy, i.e., fuel (Adani et al. 2002, Sugni et al. 
2005) suitable for a safe and economic combustion 
operation in a biomass boiler (Navaee-Ardeh et al. 
2010), or as energy source via biogas production by 
waste re-moistening, i.e. bioreactor. Conditioning 
solid biomass-fuel can be reasonable both ecologi-
cally and economically (Dach and Bode 2006). These 
entire elements make the biodrying process more 
attractive compared to the conventional drying tech-
niques because the reactor is a self-heating process. 

Currently, most studies of biodrying process focus 
on the aerobic technology, where the presence of an 
adequate supply of oxygen, moisture, and aerobic 

bacteria, allows the hydrocarbons contained in or-
ganic wastes undergo partial oxidation to smaller 
molecules. This process based on the “biological 
oxidation” is controlled by parameters such as type 
of waste, microorganisms, biomass temperature, 
water content, aeration, C/N ratio and presence of 
bulking agent (BA) and results in the reduction of 
water mainly as vapor by high temperatures and 
adequate ventilation (Zhang et al. 2008), as well as 
the production of CO2, destruction of odour-forming 
compounds (NH3) and formation of organic material 
(biomass). The NH3 production depends of the pH of 
the matrix, in this way, when pH is acid, the volatile 
ammonia becomes protonated as ammonium (NH4

+), 
the non-volatile odorless salt form of the chemical 
(Naylor et al. 2009).

So in compost as in biodrying process, it is neces-
sary to use BA in some cases in order to improve the 
process performance. Many materials have been used 
as BA to provide favorable free air space and regulate 
the moisture content; for instance, Adhikari et al. 
(2009) tested chopped wheat straw, chopped mature 
hay and pine wood shaving during food waste com-
posting. It has been established that particle size de-
termines the loss water velocity. A study of Raichura 
and McCartney (2006) on composting of municipal 
biosolids reports that the addition of wood chips with 
a small particle size of 5.2 mm resulted in a lower 
moisture loss as compared to a larger particle size of 
40 mm, because of greater resistance to ventilation. 
Also, Zhao et al. (2011) tested straw and sawdust 
in biodrying sludge and their results showed that 
straw has substantial biodegradation potential in the 
aerobic process and sawdust has poor capacity to be 
degraded. Bulking agents also play a significant role, 
as carbon source or a substrate (Vuorinen 2000), most 
BA in a compost process will act as a buffer against 
the organic acids produced during early stages of 
biodegradation (Haug 1993). 

Biowaste with moisture below 35 % on a wet 
weigh basis, will be biologically dormant and con-
sequently, its respiration index will be falsely low 
(Barrena et al. 2006). Therefore, to maintain the 
growing and activity of microorganisms it is neces-
sary to add water above all in compost process (Liang 
et al. 2003, Tremier et al. 2005, Wagland et al. 2009) 
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but sometimes, water is added during biodrying pro-
cess in order to promote the aerobic fermentation, in 
hydrolytic stage by means of the recirculation of a 
part of the leachate generated (Zhang et al. 2009).

Thus, there have been several researches about 
variations in the above parameters to see how they 
affect the process of biodrying. Adani et al. (2002) in 
their investigations with MSW carried out three trials 
at three different biomass temperatures, obtained by 
airflow rate control, concluding that biodegradation 
and biodrying were inversely correlated: fast biodry-
ing produced low biological stability and vice versa. 
The results of investigations of Sugni et al. (2005) 
with MSW suggested that the daily inversion of 
airflow in biodrying by means of reactors eliminates 
marked temperature differences and leads to a homo-
geneous final product. The study of Zhao et al. (2011) 
aimed at investigating the interactive influence of 
airflow rate and turning frequency on water removal 
and biomass energy utilization for dewatered sludges. 
Finally, a novel continuous biodrying process carried 
out by Navaee-Ardeh et al. (2010) was developed in 
order to increase the dry solids content of the sludge 
to economic levels rendering it suitable for a safe and 
economic combustion operation in a biomass boiler. 
In most cases MSW is the main substratum studied 
for biodrying.

The aim of this work was to evaluate and compare 
the different reductions of moisture according to the 
airflow supplied in different bioreactors with grass as 
a substratum. Moreover, the effectiveness of pruning 
wastes or wood shavings as BA on the biodrying pro-
cess have been studied. Relation between moisture 
reduction, temperature behavior, and CO2 and NH3 
production was analyzed. 

MATERIALS AND METHODS

The experimental research was performed by 
using 10 experimental reactors (25 L) which were 
fed with gardening wastes as biomass. In a yearly 
characterization of gardening waste from the campus, 
a 15 % of woody part is obtained. Therefore biodry-
ing reactors were organized in two sets: In set 1, five 
reactors were filled with 7 kg of grass (lawn) and were 
operated with different airflow ranging from 2 to 10 
L/min. In set 2, five reactors were filled with 7 kg 
of grass and 15 % of BA (pruning waste and wood 
shavings with particle size between 2 and 3 cm, and 
initial moisture of 4.33 %) and operated at the same 
air flow that Set 1. The airflow into the reactors had a 
temperature 22-24 ºC and relative humidity 55 – 75 % 
according the parameters of the laboratory room. 
Wastes were directly collected from the gardens on 
Universidad Jaume I (Castellón, Spain). The biodry-
ing reactors were designed and built with cylindrical 
plastic drums of 40 cm diameter and 62 cm high with 
fiberglass insulation around the perimeter and on top. 
They have been installed inside a closed room heated 
to 25ºC and 70 % relative humidity. Five different 
aeration rates (1.28 a 6.42 L/min•kg d/w grass and 
0.88 a 4.38 L/min•kg d/w grass + BA) were supplied 
by forced air driving the air through the reactor by 
means of four blowers on the bottom of the reactor 
(Table 1). In all assays, the waste residence time in 
the reactor was 20 days. Leachate generated daily 
was collected by an outlet (open-close) at the bottom 
of reactors and quantified (Fig. 1).

Each reactor has a capacity of 25 liters, divided 
into two compartments; the lower is occupied by 4 
diffusers. A horizontal metal grid separates the lower 

TABLE I. OPERATIONAL CONDITIONS OF BIODRYING REACTORS
Reactor Biowaste Initial moisture

(%)
Airflow (L/min) Airflow (L/min·kg 

d/w)

Set 1

1 Grass 77.73 2 1.28
2 Grass 77.73 4 2.57
3 Grass 77.73 6 3.85
4 Grass 77.73 8 5.13
5 Grass 77.73 10 6.42

Set 2

6 Grass (85 %) + BA (15 %) 67.35 2 0.88
7 Grass (85 %) + BA (15 %) 67.35 4 1.75
8 Grass (85 %) + BA (15 %) 67.35 6 2.63
9 Grass (85 %) + BA (15 %) 67.35 8 3.50
10 Grass (85 %) + BA (15 %) 67.35 10 4.38
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and the upper part and retains the waste mass. In the 
loaded reactors injection airflow was supplied for 20 
days. During this period, the following parameters 
were measured:
• pH and volume of leachates
• Weight loss using a portable scale which is directly 

related to the loss of moisture from the sample.
• Temperature in the mass of waste (3 times/day 

in 3 points) by means of compost probe Leybold 
Didactic Gmbh model 666 210.

• Reactor outlet gases (12 hours after the begin-
ning of the experience, 2 times/day): CH4, CO2, 
O2, SO2 and NH3 by means of portable analyzer 
Dräger model SEP 8314060.

When the dwell time finished (20 days) represen-
tative samples were taken in order to be analyzed. The 
samples were dried in an oven (105 ºC, 24 hours), in 
order to determine their moisture content following 
the ISO 5068-1 standard. Dried waste was ground 
in a mill so that 98.75 % of the particles could pass 
through a 2 mm sieve. In each of the samples, the 
heating value was determined by means of a PARR 
1261 Bomb Calorimeter® device, in accordance 
with ISO 1928:1995. Nitrogen content was analyzed 
using thermal conductivity equipment (LECO FP-
528®), carbon and sulfur were measured by infrared 
spectrometry equipment (LECO SC 144 DR®) and 
hydrogen content was determined by means of atomic 

mass spectrometry equipment. Carbon, sulfur and 
nitrogen content would allow emissions in the incin-
eration process to be estimated in order to prevent the 
need for process air or off-gas treatment line. Ash was 
determined following ISO 1171:1997 specifications. 
The data shown are the average of four analyses. 

RESULTS AND DISCUSSIONS

In this section, a process system analysis is per-
formed to identify key variable(s) in the biodrying 
reactor, and then the impact of the key variable(s) is 
discussed on the overall performance of the biodry-
ing reactor.

Leachate generation
Only reactors with the minor air flow rate (2 and 

4 L/min) generated leachate during the first week of 
biodrying. Reactors without BA produced 133 mL 
(Reactor 1) and 103 mL (Reactor 2), while reactors 
with BA produced 150 mL (Reactor 6) and 10 mL 
(Reactor 7); which corresponds to 0.21 to 3.18 % 
of initial moisture (Table 2). An important portion of 
the rest of the water was removed by the combined 
action of aeration flow and the heat generated by the 
microorganisms present in the waste. Pruning and 
gardening wastes produce low volumes of leachates 
compared to horticultural or fruits wastes, because 
green wastes have lignin and cellulose in their 
structure. This characteristic improves the biodrying 
process of green wastes.

Moisture reduction
Moisture reduction depends of the airflow and the 

presence or not of BA. According to the moisture 
dynamics, a sustained moisture loss was observed 
in almost all the assays, although each line has a 
particular slope. Figure 2 shows clearly two groups: 
The group of five reactors without BA (1st group) 
started with a water content of 77.73 % and at the 
end of the process (20 days) the moisture content 
decreased 18.99 % (reactor 1), 31.75 % (reactor 2), 
35.01 % (reactor 3), 38.43 % (reactor 4) and 43.78 % 
(reactor 5). In this group the water evaporated ranged 
between 51.3 and 77.8 % of the initial moisture, the 
moisture loss was more directly influenced by the air 
flow rate. The group of five reactors with BA (2nd 
group) started with 67.35 % of moisture and at the 
end of the biodrying, moisture content decreased 
50.17 % (reactor 6), 65.39 % (reactor 7), 67.33 % 
(reactor 8), 68.14 % (reactor 9) and 68.94 % (reac-
tor 10). Except for the reactor 6 (2 L/min), the final 

Fig. 1. Scheme of the reactors
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moisture content in reactors with BA ranged between 
20 and 25 % after twenty days of biodrying. The ef-
fect of BA on biodrying has also been reported by 
some authors, eg. Frei et al. (2004) used purchased 
bark (water content about 40-50 %) to biodry sewage 
sludge. Choi et al. (2001) and Zhao et al. (2011) used 
sawdust and/or straw (water content about 9-11 %). 
In any case, bulking agent is used to promote the 
airflow through the wastes and facilitate the aero-
bic fermentation both in biodrying and composting 
(Robles-Martínez et al. 2010, Colomer-Mendoza et 
al. 2012b). 

Therefore it could be proposed that the gradual 
increase in the air flow rate between 4 until 10 L/min 
has not an important effect in moisture loss, the air 
flow rate increases are not proportional to the de-
crease in moisture (Fig. 3) which involves that heat 
generated in fermentation has influence in biodrying. 
This influence of fermentation is even more evident in 
the reactors with BA, since with aeration rates above 
2.5 L/min kg d/w, final moisture is quite similar after 
20 days. In this case the water evaporated ranged 
between 75.6 and 87.3 % of the initial content, it was 
superior to reactors without BA. 

TABLE II. SUMMARY OF THE DATA OBTAINED - i: INITIAL; f: FINAL1

     Reactor Moisture(f) (%) Leachate (%) Evaporated 
water (%)

C(f)
(%)

N(f)
(%)

C(f)/N(f)

Moisture(i)=77.73 % (1.07) C(i) = 26.45 % 
(1.65)

N(i) = 3.99 % 
(1.01)

C(i)/ N(i) = 
6.63

Set 1
(Without BA)

1 62.97 (1.05) 2.39 51.29 28.32 (0.55) 3.90 (0.22) 7.26
2 53.05 (0.96) 1.89 67.65 26.01 (0.42) 3.45 (0.12) 7.54
3 50.51 (0.95) 0 70.77 27.53 (0.05) 3.63 (0.04) 7.58
4 47.86 (0.88) 0 73.71 26.09 (0.31) 3.70 (0.88) 7.05
5 43.70 (0.89) 0 77.76 26.36 (0.12) 2.07 (0.19) 12.73

      Moisture(i)=67.35 % C(i) = 25.02 %
(1.88)

N(i) = 2.84 % C(i)/ N(i) = 
8.81

Set 2
(With BA)

6 33.56 (1.45) 3.18 75.58 28.17 (1.02) 2.26 (0.45) 12.46
7 23.31 (0.68) 0.21 85.35 28.63 (1.22) 2.43 (0.01) 11.78
8 22.00 (0.98) 0 86.41 28.06 (1.38) 2.57 (0.32) 10.92
9 21.46 (1.55) 0 86.84 26.44 (1.21) 1.82 (1.32) 14.52
10 20.92 (1.02) 0 87.26 28.43 (0.87) 2.00 (1.08) 14.22

1(value in brackets: standard deviation)

Fig. 2 Moisture content in reactor with and without bulking agent Fig. 3 Increase in LHV after biodrying process in reactors.
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In their works, Velis et al. (2009) reported that 
commercial process cycles are completed within 
7–15 days, with mostly loses of water 25–30 % w/w, 
leading to low moisture contents (<20 % w/w). Adani 
et al. (2002) and Tambone et al. (2011) achieved a 
reduction of water content of MSW by 66.7 % and 
65.5 % in 9 and 14 days, respectively. Shao et al. 
(2010) were able to reduce the water content from 
73.0 % to 48.3 % in 16 days. In comparison with these 
authors, in this study the reactors with BA allowed to 
reach a moisture content between 30 and 42 % w/w in 
15 days. The lowest moisture (30 %) was obtained in 
the reactor with an air flow rate of 8 L/min.

According with Barrena et al. (2006), in a biodry-
ing reactor, when the moisture content of the biomass 
decrease to 35 %, the microbial activity drastically 
slows down, but it is not inhibited. Therefore, below 
35 % of moisture air convection is the main mecha-
nism of drying to 25 % or less of water content. Sugni 
et al. (2005) couldn’t diminish water content more 
than 53.5 % in 10 days by means of inverting air 
flow in order to homogenize the substrate. In this 
paper, the first part of the biodrying (moisture from 
75 to 35 %) is probably provoked mainly by aerobic 
fermentation, since with this moisture the growing of 
microorganisms is feasible. Moisture content below 
35 % only was reached in four reactors with BA (7, 8, 
9, 10) between 13 and 15 days. Reactor 6 reached this 
level in day 20. After this period of time, the airflow 
was the main drying mechanism. In reactor without 
BA, water content was superior to 40 % after 20 days, 
this situation allows the microorganisms degrading 
organic matter, and therefore it is expected that the 
LHV be lesser and the biodrying process will be lon-
ger than the typical process time in reactors (7 – 15 
days) as reported by Velis et al. (2009).

Lower heating value (LHV)
In order to assess the use of this waste as a biomass 

fuel, the initial and final LHV were analyzed; obvi-
ously, the lesser the moisture of waste, the higher the 
LHV is. In reactor 5 the increase of LHV of the bio-
dried waste reached 419.73 %, which involves 8457 
kJ/kg w/w. Reactor 10 had 13,709 kJ/kg, nevertheless 
the increase has been smaller, 243.5 %. Samples of 
mixture of grass and BA had a bigger value of initial 
LHV (3,990.90 kJ/kg) than grass alone (1 627.19 
kJ/kg). It could be explained by the superior LHV of 
pruning waste and wood saving and because of the 
initial moisture was lower in reactors with BA than 
in reactors without BA. It is important to understand 
that the final values of LHV for biodried material, 

higher than the initial LHV of MSW, are not related 
to energy generation but to its concentration in a 
lower mass.

The reached moisture level in the waste after the 
biodrying process was reasonably low in reactors 
with BA. Considering that in an incineration plant a 
LHV between 8 500–10 000 kJ/kg is recommended, 
the biodried gardening waste using BA could be used 
for energy recovery as a refuse derived fuel (RDF) in 
an incineration plant because of their LHV reached 
in this work (11 063–13 709 kJ/kg). Although the Eu-
ropean Association of Waste Treatment Companies 
for Stabilized Wastes (EURITS) establish a LHV > 
15 000 kJ/kg w/w on the basis of RDF quality stan-
dard. The values presented in this work are similar to 
other works as dried MSW: about 8200 – 13 813 kJ/
kg (Zhang et al., 2009, Sugni et al., 2005) or about 
14 700-18 800 kJ/kg (Tambone et al. 2011). Shao et 
al. (2010) increase the LHV of his MSW from 4010 
to 10 300 kJ/kg. Other types of waste with a high 
initial moisture as sewage sludge had a much bigger 
increase in LHV eg. from 500 to 6000 kJ/kg after the 
biodrying process (Stasta et al. 2006). Nevertheless, 
gardening wastes have not the same high LHV than 
MSW containing plastics, paper and cardboard inside 
the mixture (14 500 kJ/kg), because their content on 
chlorine is much less (Velis et al. 2012). According to 
published data, Velis et al. (2010) studied quality of 
management initiatives for RDF, as well as, quality 
of mechanical–biological treatment (MBT) plants. 

Temperature evolution
The evolution of the temperature within the waste 

mass has followed a behavior quite similar in the five 
reactors with grass (without BA), with a significant 
increase during the first week, reaching the thermo-
philic phase (>40 °C) in four reactors and only at 
35 °C in the reactor 5 (with the highest airflow); after 
7 – 8th day temperature decreased in all reactors. In 
reactors with BA values of temperature were quite 
similar, even surpassing previous values (52 ºC). 

Velis et al. (2009) reported that a mechanically 
supported aeration of waste is critical for biodrying 
because it provides a mass and energy flow media, 
enabling: 1) water content removal; 2) heat transfer 
redistribution, removing excessive heat and adjusting 
the matrix temperature; and 3) O2 to meet the stochio-
metric demand for aerobic decomposition. However, 
the results of this work show that even if with high 
airflow waste can achieve a good dryness, the impact 
of a high airflow may be negative, because it takes 
away the heat affecting the thermophilic phase (Fig. 4). 
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Fig. 4. Temperature behavior and cumulative CO2 production in the exhaust gas (reactors 1, 2, 3, 4 and 5, with grass and reactors 6, 7, 8, 
9 and 10 with grass + BA)
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On the other hand, the increase of temperature 
(>50 ºC) caused by aerobic fermentation and air 
treatment reduces the strong odors, and has been 
proposed as a means of reducing, and even eliminat-
ing pathogens present in the livestock waste (Collick 
et al. 2007) and, in some cases, to remove volatile 
organic compounds (He et al. 2010) and other pol-
lutants in the air emissions (Ragazzi et al. 2011).

Comparing temperatures attaint in both sets of 
reactors it was found that the highest temperatures 
recorded during the process (52°C) were obtained 
for reactors with BA with the lower flow rates (2 
and 4 l/min). Therefore it could be assumed that 
partial sanitization of the biodried waste was also 
accomplished.

Exhaust gas composition
In Figure 4 the CO2 concentration in exhaust gas 

and temperature behavior in the reactors with and 
without BA are showed. In all the cases the CO2 pro-
duction had the same behavior that the temperature. At 
the beginning of the biodrying process, the production 
of CO2 showed an exponential increase corresponding 
to a rapid raise of temperature during the thermophilic 
phase, as a result of an exponential growth and activ-
ity of microorganisms. The CO2 production during 
the days 5 to 7 days was intensive in all the reactors. 
Nevertheless, this proportion was diminishing accord-
ing to the days passed, reaching values between 0.03 
and 0.78 % at the end of the process. 

As reported by Amlinger and Peyr (2008), a 
mismanagement of the system, such as the use of 
an unbalanced initial mixture of source materials, 
excessive moisture or insufficient aeration, produce 
more CO2 that one system well operated. Agreed 
with these authors, in this study, the reactors with BA 
and lower air flow rate (ie. excessive moisture and 
insufficient aeration) produced higher CO2 volume 
than reactors without BA (reactors 1 and 2) even if 
the airflow may be low (2 and 4 L/min). In this case, 
the presence of BA improved the porosity of matrix 
diminishing the resistance to air flow and enabling the 
water content removal and heat transfer redistribu-
tion through the matrix. It represents an advantage 
because a minimal biodegradation occurred resulting 
in a better preserved calorific value of the organic 
chemical compounds of waste. 

CO2 and NH3 are products of waste decompo-
sition. NH3 concentration was irregular (Fig. 5), 
reaching values of 141 ppm in reactor 1, 126 ppm in 
reactor 2, 200 ppm in reactor 3, 197 ppm in reactor 
4, 15 ppm in reactor 5, 14 ppm in reactor 6, 17 ppm 
in reactor 7, 23 ppm in reactor 8, 14 ppm in reactor 9 

and 39 ppm in reactor 10. These high concentrations 
were obtained at the same period of time when CO2 
production was intensive and the temperature was in 
the thermophilic phase (2nd to 5th day). 

Reactors without BA produce ten times as much 
NH3 as reactor with BA (Fig. 5). This phenomenon 
was observed in a composting process studied by 
Tiquia and Tam (2000), which reported that the addi-
tion of bulking agent reduced the loss of NH3. These 
values were very low, probably promoted by higher 
aeration of the mixture.

In some works (Amlinger and Peyr 2008) it has 
been reported that in aerobic processes like compost-
ing and MBT, NH3 concentrations are highest at 
temperatures above 40-50 ºC. Pagans et al. (2006) 
reported that temperature seems to be the most suit-
able parameter to control ammonia emissions. In the 
case of biodrying process, the period of time sustain-
ing temperatures higher than 40 ºC are very short in 
relation to the compost process, so the NH3 emissions 
will be lower in the first case. There is also the pos-
sibility of N2O emissions; however in this work this 
compound was not measured.

Finally, O2 concentration in the exhaust gas had 
an opposite behavior to CO2 because it was increas-
ing as the days passed (data do not shown). In both 
groups, CH4 concentration in exhaust gases was nil 
in all cases, which involves an aerobic fermentation.

C/N Ratio
It has been reported the C/N ratio as one of the 

most influential experimental parameters in the batch 
biodrying process (Roy et al. 2006). Typical values of 
C/N ratio for the biodrying and composting process 
range between 15 and 30 (Haug 1993, Navaee-Ardeh 
et al. 2010). A low C/N ratio would ordinarily result 

Fig. 5. NH3 concentration (ppm) in the exhaust gas in reactors 
with grass and reactors with grass + BA.
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in voluminous losses of ammonia gas because of 
excess of nitrogen relative to biodegradable carbon 
in the mix. In this study, the initial C/N ratio in all 
the experiments was low in both with BA (6.69 %) 
and without BA (8.81 %); thus, the tested material 
was very rich in nitrogen. However, the biodrying 
process was achieved, reducing the moisture content 
near 70 %. Therefore, such biomass tended to release 
some of the excess nitrogen as ammonia during the 
biodrying process.

According to the previous data, biodrying of 
gardening wastes results a useful way to diminish 
moisture and weight. In fact, after 20 days, the bio-
waste is stabilized and moisture reaches nearly 20 % 
is some cases, which permits that the waste can be 
used as a biomass fuel.

CONCLUSIONS

In this work gardening wastes were biodried in 
reactors during 20 days resulting in a decrease of the 
water content of 50-69 % when the biomass was mixed 
with bulking agent, even if the percentage added was 
low (15 %) and the process was enhanced by the forced 
aeration. Indeed, the higher the air flow rate, the higher 
the moisture loss was, although this relationship was 
not linear. Therefore the influence of the heat generated 
in the aerobic fermentation is demonstrated.

The significant moisture loss (more than 50 % 
in the reactors with BA), as well as the high values 
of LHV reached in this work suggest that biodrying 
process could be a good and interesting solution for 
gardening waste management in terms of stabilizing 
it, reduction of transport cost and would allow the 
production of a refused derived fuel with promising 
energy content.
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