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ABSTRACT: The basic objective of the study was to quantify nitrogen and carbon loss during composting in order to
understand the process and reduce potential adverse environmental impacts. Nitrogen and carbon loss was determined
by the difference between the amounts at the beginning and at the end of the composting. It was observed that all
materials were characterized by a reduction of C from 35 to 65%. The reduction of N was much higher than C loss (N
loss was between 62 to 73%).The highest losses for N and C were recorded for the buckets containing OTL only,
while the bucket containing OTL and seaweeds the least. The reduction of C was due to its transformation in CO, and
CH, and their release into the atmosphere. Nitrogen can be lost from the mass of materials in runoff and by nitrate
leaching composting. Thus, from the experimental point of view it was demonstrated that composting is not a
particularly environmentally friendly method of biomass exploitation, due to significant production of greenhouse
gases (GHG), such as CO, and CH,. The study integrates the findings of different investigations from the literature
with field measured data in order to obtain a more comprehensive framework representative of the residues under

study.
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1 INTRODUCTION

The difficulties associated with Waste Management
(WM) can be diminished or even erased, if an added
value can be attributed to them. Composting is one of the
natural bioprocesses capable of treating organic wastes
through microbial activity. Composting can destroy
pathogens, converts nitrogen from unstable ammonia to
stable inorganic forms, reduce the volume of waste, and
satisfy the needs for fertilizer in agriculture [1, 2].

The most important factors affecting composting
include temperature, moisture content, C/N ratio, degree
of aeration, Ph level, and the physical structure of the
waste material. Furthermore, compost maturity and
stability are the key factors of the bioprocess. Several
authors have concluded that using a single parameter as a
maturity index is insufficient and that amalgamation of
several parameters is usually needed. Various physical,
biological and chemical parameters have been used to
monitor the quality and maturity of the compost,
including C/N ratio, NH4/NH;, CO, evolution, pH,
electrical conductivity, cation exchange capacity, water-
soluble carbon, Dewar flask self-heating capacity,
oxygen uptake rate and the production of humic
substances in the finished product, as well as, a
germination index to measure the phytotoxicity as a
reliable indirect quantification of compost maturity [3, 4,
5]. Monitoring of the composting conditions during the
bioprocess and the changes in the physicochemical
characteristics confirm that satisfactory composting
occurs after approximately 12 weeks [6]. Thus,
composting has been concerned with the efficient and
economic production of a product, while functioning
within a larger process-oriented approach to solid WM
[7, 8].

Aerobic decomposition results in emission of CO,
and H,0. Green House Gas (GHG) emissions from the
composting process are highly dependent on the
feedstock, which ranges from green wastes to Municipal
Solid Waste (MSW), to manure. Waste streams with a
higher Degradable Organic Carbon (DOC) will result in

higher GHG emissions, while wastes with a lower decay
constant rate, will require a longer period of composting,
which may cause a difference in the operational
requirements to compost that waste stream.

Theoretical calculations by White [9] estimated
approximately 0.323 ton CO,_/ton of mixed waste, while
Lou [10] estimated a value of 0.284 ton CO,./ton of
mixed waste, taking into account the emissions from
operational activities. Practical GHG measurements from
alternative studies have produced emissions from
composting operations of 0.183 ton CO,./ton of mixed
waste [11, 12], which are lower than those predicted from
theoretical calculations. This may suggest that theoretical
estimates overvalue the importance of operational
activities on the impact of composting on GHG
emissions. Composting tends to occur via windows
composting or aerobic in-vessel composting, the former
tending to have lower associated operating emissions [9,
13]. Emissions from operational activities vary with
reports due to the type of composting operations, the
amount of waste treated and other variations. Thus, an
average emission from operation of composting is
difficult to quantify. As a brief indication of the
emissions from window operations, White [9] reported
0.071 MJ/kg waste, Baky and Eriksson [14] estimated
0.00151 MJ/kg, and Franklin Associates [15] estimated
0.134 MJ/kg waste.

Recently, there has been renewed interest in the
emission of N,O from composting [16, 17]. N,O can be
produced by either incomplete ammonium oxidation or
via incomplete denitrification [16]. Results of N,O
generation have been mixed. He [17] reported high
emissions at the beginning of composting and negligible
amount after the initial 2 days, while Beck-Fris [16]
reported higher emissions with time. Little is known
regarding N,O emission, however the fact that it has a
GWP 310 times that of CO, makes its study a necessity
[18].

Despite potential CH, and N,O emissions, these are
usually not taken into account in C budgeting. In fact in
the IPCC Guidelines for National Greenhouse Gas
Inventories [18] and the Australian Methodology for the
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Estimation of Greenhouse Gas Emissions and Sinks [19],
only CO, is assumed to be emitted during composting.
Even so, although this CO, is climate active when
released, it is generally not considered when it comes to
GHG accounting. This is due to the general consensus
that CO, from composting is of biogenic origin and hence
does not add to the overall GHG emissions that
contribute to global warming [18]. Therefore, when C
accounting is performed by composting facilities, their
GHG contribution is a result of operational activities, as
opposed to the actual decomposition process.
Nevertheless, there are some that advocate the inclusion
of all GHG emissions derived from non-fossil C [20].
The rationale behind this inclusion is that the climate
responds the same whether the source is fossil or non-
fossil C and thus all emissions should be accounted for,
on a like-for-like basis.

Thus, from an environmental perspective, the
negligence of composting contribution to GHG emissions
is questionable, especially from a Life Cycle Analysis
(LCA) approach. This 1is particularly relevant to
centralized composting systems where operational
activities are energy consuming [21]. It should be noted
that some centralized composting facilities are driven to
produce high quality compost that can be used for land
application [8, 22].

Nonetheless, it can be argued that the production of
compost can help mitigation GHG [10, 18, 19] by:

. Decreasing the need of chemical fertilizers and
pesticides; thereby reducing GHG emissions
from the use of fossil fuel associated with their
production and application.

. Allowing, for more rapid growth, thereby
increasing C uptake and storage within the
plant. Studies have shown the increase in
biomass of plants growth with compost
application. This is a form of C sequestration
which removes CO, from the atmosphere.

. Sequesting C in soil that has received compost
application. The USEPA [23] estimated that
approximately 50 kg C (183 kg CO,)
sequestered per ton of wet compost. On a large
scale, this may be significant.

. Improving tillage and workability of soil
(thereby reducing emissions from fossil fuel
that would otherwise be used to work the soil).

In this study, Olive Tree Lops (OLT) were co-
composted with two different types of organic materials
(grass and seaweeds), into plastic experimental buckets.
It should be noted that these materials have not been
adequately examined in the field of composting, but they
are major agricultural - natural residues and their study is
particularly important for the environment.

The composting process was developed during two
different periods (winter and summer). The first part of
the process started during the winter and stable and
mature composts were produced after approximately five
months (February — June). Three buckets were filled
during the winter period, as follows: C1 with OTL only;
C2 with OTL and grass; C3 with OTL and seaweeds. The
second part of the experiment was started during the
summer period and a stable and mature compost was
received three months later (June — August). A new
bucket, C4 with OTL only, was filled during this period,

in order to be compared with the corresponding one of
the winter period.

It was observed that, for all mixtures the C content
reduced from 45 to 65%. The highest C loss recorded for
the buckets containing OTL (bucket 1 and 4), while the
less marked the bucket containing OTL and seaweeds
(bucket 3). N loss was much greater than C loss, since it
was close to 62 to 73%. The most significant N loss was
observed, at the buckets 1 and 4 (OTL), while the
smallest losses were recorded for buckets 2 and 3 (grass
and algae, respectively).

Furthermore, the study integrates the findings of
different investigations from the literature with field
measured data in order to obtain a more comprehensive
framework representative of the residues under study.
The results may help public administrators to better
understand the suitability of using LCA tools when
dealing with agricultural waste management strategies.

2 AGRICULTURAL RESIDUES IN THE EU

2.1 Assessment of availability

In Europe there are great difficulties to produce
harmonized biomass assessments due to the lack of geo-
referenced databases of forests and agricultural field
residues covering the whole continent and made with
standardized procedures. Environmental sustainability
must not be forgotten, especially in the case of forests for
which environmental concerns becomes even more
important. Different studies have revealed that the
environmental effects of biomass harvesting and field
biomass removal depend upon different factors such as
the type of residues removal on organic soil matter and
soil erosion has been investigated by Mann [24, 25]
amongst others. These authors investigated the influence
of different residue management practices on the soil
fertility of fast growing forest plantation in Southern
Europe. Evaluation of agricultural and forest biomass
residues was made for a total of 11 EU countries
comprising 77% of the total EU territory, and Norway
[26]. The EU countries taken into consideration were:
Germany, Poland, Spain, Portugal, Italy, France, Greece,
Sweden, Finland, Denmark and Austria. The biomass
resources considered had been produced in the agro-
forestry sector as a consequence of field operations.
Agricultural and forest field by-products (residues) were
produced in croplands and forests which have, up to the
present date, little or no commercial demand.

Agricultural field by-products are divided in two
categories: herbaceous and woody by-products.
Herbaceous by-products are considered to be those crop
residues, which remain in the field after the crop is
harvested. Their nature is diverse, depending on the crop,
method of harvesting, etc. Woody by-products are those
produced as a consequence of pruning and regenerating
orchards, vineyards and olives. Normally herbaceous
crops are cultivated on arable land, whereas woody
plantations are considered permanent crops. Forest by-
products usually consist of branches, tops, bushes,
understory vegetation, and in general, wood not exploited
for conventional uses such as timber sawing, pulp or
board production. Consequently, the different processes
applied to stands in distinct parts of the cycles, such as
brush removals, first thinnings, intermediate thinnings
and regeneration fellings, generate different forest by-
products.
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2.2 Production of agricultural residues in the EU

Large differences in terms of cultivated area and
types of crops and yields are observed between EU
Member States (MS), due to the climate conditions,
specific soil condition and farming practices. Large
amounts of agricultural residues are generated from
agricultural crop production and partially remain in the
field after harvest. Residue production depends on a
number of factors that include the types of crops, crop
rotation, crop mix and agricultural practices.

The availability of residues depends on the amount
that can be removed from land to maintain land fertility
and on their competitive use for agricultural or industrial
purposes. The total amount of crop residues produced in
EU27 every year was estimated at 258 M dry tonnes/year
on average, based on the residue yield and crop area [26].
Based on the sustainable removal rates of crop residues,
residue-to-crop yield and seed and straw moisture
content, the amount of collectable crop residues was
estimated. The results show that 111 M tonnes dry matter
of crop residues/year can be collected, on average, in
EU27. However, this amount can vary between 86 to 133
M tonnes dry matter/year depending on crop residue
production [27].

The residue biomass is commonly estimated by the
use of Residue to Product Ratios (RPR). The residue to
product ratio is a key issue in every evaluation and
should be used carefully as it is typically applicable only
at a regional or local level, and this has been stressed in
some papers [28].

Frequently, in making agricultural by product
estimates, a constant straw to grain ratio is assumed. This
assumption may not always be accurate because straw-
grain ratios can vary greatly across environments and
genotypes. Some authors report straw to product ratios
higher in Central and Northern European countries than
in those in the South of the continent [28] and more
generally, higher ratios in wet climates than in dry ones
[29]. In general, RPR values available are scarce and it
has been difficult to find for all the evaluated countries.
The values utilized for Spain, France and Portugal were
taken mostly from unpublished works. Values for Italy
and Greece were obtained from Di Blasi [29] and
Nikolau [28], respectively.

As can be deduced from Table 1 and Table 2,
364.50 Tg y' of forest and agricultural residues are
estimated as ‘potential resources’ in the 11 EU countries
considered (77% of the EU 27 territory) and Norway.
After the application of technical and environmental
restrictions, the available resources are calculated to be
20533 Tg y' (56.33% of the estimated biomass
potential).

Most forest biomass is located in Northern EU
considered (63.07% of the potential and 62.95% of the
available resources) whilst most of the agricultural
residual biomass is in Southern EU countries (52.69%
and 55.18% respectively, for potential and available
resources). Globally, the biomass resources are very
similar (30.83% of the total available biomass is in
Southern EU countries) [26, 27, 28, 29].

Agricultural residues in Greece amount to several
million tons per year, while OTL ranks first with 1.4 —
3.0 million tons per year. After the removal of the thicker
woods, the rest are burned in the countryside by farmers
causing, except from energy losses, severe air pollution
problems (greenhouse gases, micro particles, etc.). It is

estimated that approximately 3.3 million tons CO, are
released by burning. Arguably, a significant improvement
on this existing practice can be brought about if OTL is
used as compost feedstock .

Table 1: Forest biomass resources estimated in the
evaluated countries

Potential Auvailable MARV

Country (Tgyr)  (Teyr)  Mgha'ly')
Sweden 20.68 10.43 0.49
Finland 13.59 6.94 0.23
Germany 9.54 4.27 0.26
Austria 5.26 2.63 1.08
Norway 8.6 4.33 0.46
Poland 4.11 2.05 0.29
Denmark 0.74 0.37 0.88
SUBTOTAL 62.52 31.02 -
France 13.43 7.75 0. 63
Spain 10.55 4.77 0.44
Ttaly 7.49 4.01 0.53
Greece 2.90 1.09 0.53
Portugal 2.23 0.64 0.29
SUBTOTAL 36.60 18.26 -
TOTAL 99.12 49.28 -

Table 2: Agricultural biomass resources estimated in the
evaluated countries

Potential Available MARV

Country Teyr)  (Teyr)  Mgha'ly!)
Sweden 5.93 3.11 4.19
Finland 3.08 1.12 1.9
Germany 67.34 42.56 6.85
Austria 1.85 0.83 0.26
Norway 6.25 3.79 5.00
Poland 28.09 10.36 2.87
Denmark 12.99 8.17 5.80
SUBTOTAL 125.53 69.94 -
France 78.39 49.81 4.24
Spain 26.22 12.84 1.23
Italy 25.44 16.94 2.35
Greece 7.42 4.82 2.09
Portugal 2.38 1.70 0.96
SUBTOTAL 139.85 86.11 -
TOTAL 265.38 156.05 -

3  COMPOSTING

3.1 Maturity and stability parameters

The recycling and utilization of organic wastes and
by products through development of an economically
viable, socially accepted and eco-friendly technology is
urgently needed for the reason that the large scale
accumulation of these wastes will increase pollution and
also pose disposal problems. However, the substantial
quantities of humus in these wastes may have great value
for maintaining soil health. Composts prepared from
different organic wastes differ in their quality and
stability, which depend upon the composition of raw
material used [30]. Compost quality is closely related to
its stability and maturity, which cannot be established by
single parameter [31]. Several parameters such as
temperature, organic matter loss, C/N ratio, cation
exchange capacity, humification index and seed
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germination index have been proposed for evaluating
compost stability by different authors [32, 33, 34, 35, 36].
Despite all the proposed methods to establish the degree
of maturity and stability of composts, no single method
can be universally applied to all composts due to
variation of materials and composting technology [35,
37]. The study by Raj and Antil [38] concluded that using
a single parameter as a maturity index of composts made
from farm and agro-industrial wastes is difficult.

Also, our findings suggest that compost maturity
should be assessed by measuring two or more compost
parameters, and that parameters of compost maturity
need to satisfy the following threshold values: OM loss
>42%, C:N ratio <15, Cw:Norg ratio <0.55, HA:FA ratio
>1.9, HI >30%, CEC/TOC ratio >1.7 and GI >70%. As
per the above maturity and stability parameters, composts
enriched with agro-industrial wastes matured earlier as
compared to compost prepared without any enrichment.

3.2 Composting of different starting materials

As has been mentioned above, compost is a valuable
resource as a soil fertilizer, providing a high content of
macro- and micronutrients for crop growth, and
represents a low-cost alternative to mineral fertilization
[39]. A practical use of composted materials in
agriculture requires good knowledge of its maturity and
the level of organic matter (OM) stabilization reached at
the end of the composting process. The application of
unstable OM on soil may produce competition for
oxygen between microbial biomass and plant roots. This
fact can deprive plant roots of oxygen and lead to the
production of H,S and NO,. Another problem is the
possible nitrogen starvation of plants as microorganisms
scavenge soil N to make up for the deficit resulting from
the application of unstable OM with high C/N ratio [33].
Moreover, the emission of ammonia and the presence of
other phytotoxic substances like phenolic compounds,
ethylene oxide and low-molecular weight organic acids
that are synthesized during the decomposition of unstable
compost in soil are responsible for compost phytotoxicity
[40].

The application of chemical parameters to assess the
stability of compost is a common practice in research on
composting [41, 42, 43, 44]. Some of these parameters
are not considered good indicators of compost stability
because they poorly describe the evolution of OM quality
during composting; this is mainly due to the utilization of
strong oxidants or strong bases which break down carbon
not readily available for microorganisms [45]. The use of
Dissolved Organic Carbon (DOC) as a stability parameter
proved to be closer to the real request of energy by the
microbial community during composting [45]. DOC
generally contains organic compounds with different
susceptibilities to microbial degradation and different
phytotoxic properties. For this reason, DOC composition
may have an important role in determining the
stabilization process. The NH,*/NO; ratio has also been
proposed to estimate the compost stability. At the end of
the composting process, the content of NO;  should be
higher than that of NH,4*, indicating that the process has
been performed under adequate aeration conditions.
Nitrifiers are a low competitive community becoming
effective when the temperature of the mass under
composting decreases and the readily degradable
substances (DOC and soluble N) are low [46]. More
recently, besides the CO, evolution, many authors have
studied the relationship between microbial activity and

composting time by means of the OUR during OM
degradation [47, 48, 49]. Tremier [50] used the
respirometric technique to highlight the important role
played by substrate biodegradability in compost
evolution over time.

The adoption of different sludges in the mixtures
strongly affected the OM mineralization course during
the composting process. The addition of food processing
waste strongly enhanced the OM mineralization and the
Norg losses, compared to the addition of a digested
sewage sludge. The parameters which are often adopted
in the description of the compost stability like the C/N,
the DOC content, and the NH,*~N/NO; —N ratio, did not
well describe the relationship between composting time
and stabilization level reached by the mass. The study
showed that the kind of mixture and the time of
composting strongly affected these parameters. This was
particularly evident regarding the mineral nitrogen
course: nitrate losses were important, and were probably
due to the denitrification operated by fungi especially in
the last part of the composting process. Mineral nitrogen
appeared to be the rate limiting step in the composting
process of more stabilized raw materials as digested
sewage sludge. The regression analysis showed that the
measurement of the OUR by means of a standardized test
proved to be a valid tool to describe the stabilization level
variation during the composting process. The adoption of
this test in a non-limiting nutrient environment that
stimulates microbial growth, gives the real extent of
potential mineralizable OM following the addition to a
nutrient rich environment as soils can be [51].

3.3 Engineering research

Most of the engineering research on composting
treatments aims to identify how the waste characteristics
and the composting conditions influence both the
composts quality and the environmental impacts of
composting. Recently, researchers started considering the
active phase of composting according to its main ruling
processes i.e. biological activity and heat and mass
transfers. Taking into account the different natures of
waste, this progress led to identify intrinsic properties,
which characterize the waste regarding a specific
behaviour. Then, the determination and the quantification
of these properties allowed the improvement of mixture
formulations and the adjustment of composting
conditions.

The questions of biodegradability and stabilization
illustrate the evolution described above. At first, most
studies aimed to test the relevancy of numerous
indicators in order to predict compost stability. Many
papers dealt with the differentiation between maturity and
stability, maturity being related to the presence or
absence of phytotoxins whereas stability was related to
microbial respiration activity of compost [52]. Thus,
respirometric methods, based on the measurement of
oxygen consumption or carbon dioxide production rate,
developed. Then, in order to predict wastes behaviour in
composting and adjust treatment conditions, researchers
also interested to the biodegradability of the organic
wastes. Taking into account the higher oxygen demand of
wastes compared to the one of composts, static
respirometric methods were shown to underestimate
oxygen required for stabilisation [53]. Nowadays, most of
the authors dealing with the biodegradability of organic
waste use a dynamic respirometric method i.e. with a
continuous aeration [54]. However, as underlined by
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Berthe [55], the dynamic methods [56, 57, 58] still differ
to each other regarding the control of temperature,
moisture and oxygen supply. Thus, Tremier [59] and
Berthe [55] control the temperature, the moisture and the
oxygen supply at the same time. In contrast, Scaglia [57]
and Adani [56] simulate a composting treatment in which
the temperature increase results from the material self-
heating. Although temperature profile in composting
simulation seems more realistic than in a thermostated
bath, composting simulation does not optimise air
distribution leading to a non-homogeneous aeration of the
composting material. These methods also differ regarding
the indicator used to characterize the biodegradability.
Berthe [55], de Guardia [60] and Tremier [58] used the
cumulated amount of oxygen consumed during
biodegradation, whereas Adani [56] and Scaglia [57]
used the maximum oxygen uptake rate measured for a
short period around the maximum of biological activity.

Concerning stabilization, the respiratory quotient i.e.
the ratio of carbon dioxide production to oxygen
consumption was investigated as a potential indicator of
stabilisation. The respiratory quotient was assumed to
depend on biochemical composition of organic material.
Its variation was studied by Nakasaki [61] and it was
proposed to be used to control the composting process
Atkinson [62]. Others found its variation was low which
impedes such use [53]. Adani [56] and Scaglia [57]
proposed a Dynamic Respirometric Index and considered
that compost exhibited a high level of stability when DRI
was lower than 500 mg Oykg OM/h. The European
Commission [63] suggested that OURs lower than 1 g
O,/kg OM/h can characterize stable composts [64].
Whatever the level proposed to validate stability, the
proposal for such an index allows to compare the organic
wastes regards to the composting time required to reach
the defined threshold. In controlled conditions at
laboratory, this time depends mostly on the intrinsic
characteristics of the waste. At real scale, it also depends
on the composting process i.e. on oxygen supply and air
distribution. Thus, in almost all cases, this time should be
higher at real scale than in controlled conditions.
However, its determination, even in controlled
conditions, would help composting operators to adjust
their process to the type of waste, especially regarding
the aeration strategy and the composting duration. Thus,
Komilis [64] defined this time as ‘‘a key parameter for
the proper design of solid waste composting facilities”.
However, few papers compare organic wastes according
to the aerobic treatment duration required for their
stabilization [65].

The biodegradability was also considered regarding
its influence on the rise of material temperature during
composting. Although most of the models of the
composting process associate the heat production to the
removal of organic matter or to the oxygen consumption
rate [66], literature accounts for only two articles [57, 67]
searching for an experimental quantitative correlation
between temperature rise and oxygen consumption
during composting. As for time required for stabilization,
the rise of material temperature does not depend only on
waste nature and properties, but also on the composting
process and on the size of the composting cell. However,
provide a way to estimate the temperature rise could be
helpful to formulate composting mixtures even at real
scale.

The recent paper by Guanrdia [68] aims to compare
household waste, separated pig solids, food waste, pig

slaughterhouse sludge and green algae regarding their
biodegradability, their stabilization kinetics and their
temperature rise during composting. Three experiments
in lab-scale pilots (300 L) were performed for each
waste, each one under a constant aeration rate. The
aeration rates applied were comprised between 100 and
1100 L/h. The biodegradability of waste was expressed as
function of dry matter, organic matter, total carbon and
chemical oxygen demand removed, on one hand, and of
total oxygen consumption and carbon dioxide production
on the other. These different variables were found closely
correlated. Time required for stabilization of each waste
was determined too. A method to calculate the duration
of stabilization in case of limiting oxygen supply was
proposed. Carbon and chemical oxygen demand mass
balances were established and gaseous emissions as
carbon dioxide and methane were given. Finally, the
temperature rise was shown to be proportional to the total
mass of material biodegraded during composting.

3.4 Ammonia and GHG emissions

As is well known, methane (CH,) and nitrous oxide
(N,O) are both significant greenhouse gases (GHG).
According to the report of International Panel on Climate
Change (IPCC), the global warming potential of CH, and
N,O, on a 100- year frame, are 25 (CH,4) and 298 (N,0)
times higher than that of carbon dioxide (CO2)
respectively [69]. Until 2004, the CH4 and N,O account
for the global anthropogenic GHG emissions 14.3% and
7.9% separately [69]. Agriculture has been identified as a
main source of GHG emissions, about 13.5% of global
anthropogenic GHG was emitted from agricultural
production [69]. It was estimated that 80% of N,O and
40% of CH,4 emitted from agriculture activities [70].

In terms of its inexpensive costs and rather simply
technique, composting was used widely, especially in
developing countries. For example, in China more than
17 million tons organic fertilizer was produced form
composting per year; and in the municipal solid waste
and sewage sludge treatment field, the proportion of
composting increased rapidly. But the emission of
harmful gases from composting caused serious
environmental problems. As the results of nitrification
and denitrification, about 0.02% to 9.9% of total nitrogen
(TN) was emitted in the form of N,O; and caused by the
lack of oxygen, 0.1% t012.6% of total organic carbon
(TOC) was lost as CH, [71, 72, 73, 74, 75, 76, 77]. There
is a growing international focus on the GHG emissions
from composting [16, 70, 78], especially for windrow
system. It was reported that the turning frequency,
compact effect, the scale of the pile and the manure
characters all could influence the GHG emissions [71,
74,79, 80].

The effects of C/N ratio, aeration rate and moisture
content on the emissions of GHG and ammonia during
composting of mixtures of pig faeces and chopped
cornstalks were investigated in the study of Jiang [80].
Lower C/N ratio (higher proportion of faeces) caused
higher methane emission by reducing the air spaces and
increasing the easily available carbon sources. Lower
C/N ratio is preferable to increase the NH; emission.
High aeration rate can reduce the emission of CH,,
whereas the emissions of N,O and NHj; increase. Low
aeration rates can reduce the NH; emission and delay and
prolong the ammonification phases. The moisture content
can affect the methane and ammonia emission during the
composting period, but not significantly. The orthogonal
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analysis showed that mixtures with a moisture content of
65%, aeration rate 0.48 L/(kg dmemin) and C/N ratio 21
should acquire the lowest total GHG emission.

3.5 Carbon dioxide production

Composting of agro-waste being a complex process,
while developing mathematical models to describe this
process, adequate emphasis should be given to both
model complexity as well as accuracy of experimental
data. Therefore, the focus should be to model the process
with key parameters requiring simpler experimentation,
capable of giving accurate data. Many mathematical
models have been proposed for composting of agro-waste
in published literature. Higgins and Walker [81] proposed
a model for aerobic organic solid decomposition, with
simulations with substrate specific kinetics. The
deviations of predicted results from experimentally
determined values were attributed to existence of
heterogeneous composition of substrate, as against
homogenous composition assumed in the model. Briski
[82, 83] reported aerobic composting of tobacco solid
waste with the objective of stabilizing this waste. The
mathematical model was developed with the assumptions
that oxygen concentration was practically equal at all the
points inside the experimental bioreactor, the compost
process was adiabatic, air flow rate was constant,
humidity was constant, composting rate was expressed as
degradation of the dry substrate, and biodegradation rate
was uniform all over the substrate bed. Hamelers [84] has
presented a review of approaches for modeling of
composting kinetics. It is stated in this work that compost
modeling is in general characterized as inductive, data is
starting point which determines the type of model used. It
is argued that such inductive approach has reached its
potential in design and development of optimized
compost facilities as per the stringent demands of the
latest regulations. Limitations of measurement techniques
and magnitude of resources required for collection of
experimental data are also major drawbacks of such
approaches. Kulcu and Yaldiz [85] reported
determination of aeration rate and kinetics of composting
of agro-wastes. This study was aimed at determining
aeration rate and its kinetics in aerobic composting of
mixture of grass trimmings, tomato, pepper and eggplant
wastes. Carbon dioxide rate and temperature changes
were recorded along with moisture content, pH, and
organic matter each day. Komilis [64] carried out kinetic
analysis of aerobic solid waste composting of food waste,
mixed paper, yard waste, leaves, branches, and grass
clippings under optimal conditions. Mineralizable solid
carbon was assumed to comprise readily, moderately, and
slowly hydrolysable carbon fractions. Progress of
composing process was evaluated by measuring carbon
dioxide production. Nakayama [86] presented a
numerical model of composting process with aeration.
Bueno [87] reported that a second order polynomial
mode consisting of four independent process variables
(time, moisture, aeration, and particle size) was found to
accurately describe the composting process. Baptista [88]
discussed composting kinetics in full-scale mechanical-
biological treatment plants. The salient characteristics of
the model were first-order kinetics, use of correction
factor for temperature, use of correction factor for
oxygen, correction factor for moisture content, correction
factor for free air space, and initial biodegradable volatile
solids content.

In the mechanism of aerobic decomposition of
agricultural solid waste hydrolysis forms the first stage as
a result of which the biodegradable components of solid
waste eventually enter into aqueous media. The
hydrolysis rate of a particular component depends upon
its micro structure defined by binding of cellulose by
compounds like hemicelluloses and lignin. The
degradation of cellulose by microbes takes place after
breaking of the protective layers. Cellulose decomposes
to glucose and hemicelluloses to arabinose, mannose,
xylose, glucose different types of sugars, alcohols,
organic acids like amino acids etc. These products of
decomposition of cellulose and hemicelluloses are water
soluble and therefore enter the aqueous media during
decomposition. A part of carbon delivered to aqueous
media after hydrolysis is then converted into carbon
dioxide. Remaining carbon is retained by the humus
substance, which is the final stabilized produce of bio-
degradation of organic agro-waste. A schematic
presentation of the phenomenon described above is
shown in Figures 1 and 2 [89].

Carbon in Solid — Carbon in — Carbon in
Phase Agqueous Media Gaseous Phase

'WATER SOLUBLE
MONOSACHARIDES
POLYSACHARIDES
ALCOHOLS
AMINO ACIDS
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CELLULOSE
HEMICELLULOSE

PROTEINS
LIGNIN

Figure 1: Pathway of Carbon during Composting of
Agro-Waste
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Figure 2: Compost Model for Agro-Waste

Carbon dioxide production during composting of
agro-waste can be taken as the indicator of rate, progress
and termination of compost phenomenon and
stabilization of organic matter, leading to a balanced
compromise between complexity of mathematical model
and extensive experimentation. Modeling and simulation
of composting of agro-wastes based on experimentally
measured carbon dioxide production would reduce the
experimental effort, time, and other physical resources in
design of optimized compost process for disposal of
agro-waste. In the study of Tripathi and Srivastava [89]
modeling and simulation of composting of a mixture of
agro-wastes like sugarcane bagasse, soya husk, wood
straw, mixed with food waste is presented. This approach
requires estimates of initial values of different carbon
fractions. The effect of such estimates on prediction of
carbon dioxide production is also studied in this work.
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4 MATERIALS AND METHODS

4.1 Composting process

In the present work, composting is studied as a
method for the management of Olive Tree Lops (OTLs).
The main objective of this study was to understand how
the composting process works and to estimate the N and
C losses during the procedure. The composting process
studied herein is referred to as the “home composting”
and it took place in 400 It plastic buckets. OTLs were
used, either on their own or in combination (co-
composting) with grass and seaweeds. More specifically,
four mixtures were prepared: C1l: OTL; C2: OTL and
grass; C3: OTL and seaweeds and C4: OTL. Mixtures
C1, C2 and C3 were prepared and studied during the
winter period, while C4 was prepared and studied during
the summer period, in order to delineate the influence of
temperature on the composting process (Fig. 3). It must
be noted that the addition of grass into the mixture
corrects the C/N ratio to an optimum value of 30:1, thus
comprising of an ideal mixture, which consists of two
different feedstock materials [90]. On the other hand no
specific chemicals —except pigeon dropping (PD) — were
used as activators.

Figure 3: Schematic representation and images of the
four mixtures for composting; C1: OTL; C2: OTL and
grass; C3: OTL and seaweeds and C4: OTL.

The OTLs used were shredded into small pieces (less
than 1 cm length) in order to facilitate their degradation
(Fig. 4). The final goal of this study was to assess the C
and N losses, to record how different materials affect
these losses and whether the composting period (summer-
winter) can affect the C and N balance during
composting.

As is well known, the composting process requires
adequate conditions for pH, temperature, moisture,
oxygenation and nutrients, in order to secure the
development-action of the microbial population [91]. A
certain period after the process initiation (45 days), it was
observed that the compost mass under investigation was
appreciably decreased. Thus, the buckets were re-filled
by the same mixture in order for the compost temperature
to reach the necessary for the process levels.

Operational parameters (temperature, moisture and
oxygen levels) were monitored with a frequency of 4-5
days. The frequency of both turning and watering was
made by the following protocol:

e If the compost was characterized at least by one
of the following characteristics: RH > 90% or T
> 55 °C or O, < 15% then it was turned in order
to achieve the necessary temperature reduction
and the proper functioning of the system.

e If RH < 60% then watering was carried out to
support the microorganisms viability in the

compost mass and thus, the degradation
process.

(a) ..

(c)

Figure 4: Experimental composting buckets (a),
converting fresh OTL (b) to mature compost (c).

4.2 Compost analysis

During the composting process, among others, the
following physicochemical parameters were measured
and are reported in the present work:

e Total nitrogen, using the micro-Kjeldahl method
[92].
* Total organic carbon, TOC [93].

The chemical analyses of the four composts were
made with a two weeks’ frequency.

In order to estimate the total C and N quantity at the
four buckets, the weight of all materials was recorded
both at the beginning and the end of the experiment,
when the compost was stable and mature. Additionally,
the moisture content of the materials was measured and
the weight values were converted into values of dry
weight.

5 RESULTS AND DISCUSSION

5.1 Carbon balance

Carbon (C) content was assayed every 15 days.
Carbon content was decreased during the composting
process and was about 30% for the four final composts
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(Fig. 5). This organic carbon content value in the final
composts is in agreement with other literature results in
which its value for final products ranged between 30-
50% [52, 92]. The available C was primarily lost as CO,
during the immobilization process [94].
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Figure 5: Evolution in time of TOC for the four different
composting experiments

At the experiments of the present study, C and N
values were measured from the beginning to the end of
the composting process, for a period of about 200 days.
The materials which were added to the buckets were rich
in both N (grass) and C (OTL) and therefore the C:N
ratio was optimum for all mixtures. The results of
chemical analysis about the C losses for each bucket
separately, are shown at Table 3. It should be
emphasized that the total carbon losses are given (and not
only carbon content decrease) taking into account the
overall mass losses.

Table 3: Total carbon losses at materials of the four
buckets.

Bucket Bucket  Bucket Bucket

1 2 3 4
Total initial
amount of 23.8 30.6 41.5 32.3
materials (kg)
Initial % TOC 50.5 45.1 50.2 49.7
kg C at the
initial amount 12.0 13.8 20.8 16.0
of materials
Total final
amount of 15.0 24.5 22.0 24.2
materials (kg)
Final % TOC 28.4 30.9 35.2 284
kg C at the final
amount of 43 7.6 7.7 6.9
materials
C loss (Kg) 7.7 6.2 13.1 9.1
% loss 64.6 45.1 63.0 57.2

It was observed that all materials were characterized
by an absolute reduction of C from 45 to 65%. The
greatest losses were recorded in buckets 1 and (OTLs and
OTLs plus seaweeds, respectively). The smallest loss was
recorded at the bucket containing the mixture of OTLs
and grass (bucket 2). It’s worth noting that the same
material (OTLs), showed a similar fluctuation in C values
both during the winter and summer experiment, while the
total C content in both final composts were completely
identical. It was also observed that the high N content of
materials (OTL and grass) contributes to the reduction of
C losses from the mass of composting materials (Table
3). Therefore, lower C losses during the composting

process seem to have benefited by the presence of high N
content at the studied materials.

It should also be noted that the C content was
decreased in all buckets due to the degradation of the
materials by micro and macro-organisms. These
organisms use C as an energy source for their metabolic
activities. Between 55-75% of all plant residues are
released into the atmosphere as CO,, although there are
different rates of release from various organic materials
incorporated into the soil. Generally, more C is lost to the
atmosphere from the organic substrate; the less C is
stabilized in the humus of the final compost. Most of the
residual C incorporated into new humus in the form of
peptides and polysaccharides. Thus, C loss is due to its
removal from the mass of material in the form of CO,
and CH, to the environment. As is well documented,
these gases are the major contributors to the greenhouse
effect. This questions composting’s suitability as an
environmentally friendly method for organic residues
exploitation.

Gaseous emissions depend on waste nature and on
composting conditions and duration. In a review on
environmental impacts of biological treatment of organic
waste, Mallard [95] reported some ranges of carbon
dioxide and methane emissions measured during
composting at real scale and in pilot schemes. The
emissions of CO,, expressed as g CO,/kg DM, were
between 110 and 220 for household waste, between 150
and 750 for animal by-products, around 900 for biowaste
and between 580 and 760 for wastewater sludge. Mallard
[95] also reported a wide range of methane emissions, i.e.
between 0 and 11.9 (g CHykg DM), for animal by-
products, and between 0.5 and 9.5 for household waste.

5.2 Nitrogen balance

Nitrogen (N) content was also assayed every 15 days.
The highest N content was determined for the OTLs and
grass mixture, while the lowest for the OTLs and
seaweeds mixture (Fig. 6). The total nitrogen content in
the final four composts was about 1.5%, an adequate
value for their use in organic cultivations. This nitrogen
content value coincides well with results of other similar
studies, in which the nitrogen value in the final products
ranges between 1.2-1.7% d.w. [52, 92].
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Figure 6: Evolution in time of N for the four different
composting experiments

It should be noted that the majority of N is lost in the
form of ammonia, where volatilization accounts for over
92% of all nitrogen losses. The experimental results show
that the N losses were much greater than the C losses (N
losses between 62 to 76%). The most significant N
decrease was observed, as for C, at the buckets 1 and 4
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(OTL), while the smallest N loss was recorded for
buckets 2 and 3 (grass and seaweeds, respectively).
However, the N loss did not show great variation among
the four samples (Table 4).

Table 4. Total nitrogen losses at materials of the four
buckets.

Bucket Bucket  Bucket Bucket

1 2 3 4
Total initial
amount of 23.8 30.6 41.5 32.3
materials (kg)
Initial % N 3.5 3.7 24 3.3
kg N at the
initial amount 0.8 1.1 1.0 1.1
of materials
Total final
amount of 15.0 24.5 22.0 24.2
materials (kg)
Final % N 1.5 1.7 1.5 1.5
kg N at the final
amount of 0.2 0.4 0.3 0.4
materials
N loss (Kg) 0.6 0.7 0.7 0.7
% loss 76.0 62.8 70.0 66.3

The N loss is caused by the release, from the compost
mass, of gaseous ammonia (NH,) to the environment.
The ammonia is produced by bacteria acting during the
phase of decomposition of the organic matter. It is worth
mentioning that ammonia emitted from the composting
process does not contribute to global warming. In
addition to the above, in our experiment N loss was
probably also caused by watering the material, as the
base of the experimental buckets were in direct contact
with the ground.

It is also worth noticing that for the same material
(OTLs), but for different composting periods (winter-
summer), different N losses were recorded (higher N loss
during the winter period).

According to Fukumoto [96] most nitrogen was lost
in the form of NHj3, but also a considerable part was lost
in the form of N,O, as in this study the N,O emissions
were various from 1.5% to 7.3% of initial total nitrogen.
These results were similar to the research of Szanto [77],
but comparatively higher than the results of Wolter [76]
and Sommer [97], where only 0.1% to 1.9% of TN were
emitted in the form of N,O. Aeration condition was one
of the reasons responsible for the difference, in the
research of Szanto [77] an effective aeration facility was
constructed in the bottom of the composting reactors to
enlarge the chimney effect and in the study of Fukumoto
[96] a ventilation blower was used to draw out the air in
the composting chamber. All these actions accelerated
the gaseous emission from the compost piles. Without
these aeration actions, even the gaseous concentration in
the pile was considerable high, the surface emission was
limited [98]. In forced aeration systems the emission rates
depends largely on the air flow. It was reported that the
size of composting piles could influence the N,O
emissions significantly, small piles had higher emission
rate than bigger ones [96]. The previous studies showed
that low emission rates are always coupled with large pile
size [72, 97, 99], and vice versa [77, 96, 100].

In windrow system without forced aeration in the top
layer parts aerobic conditions predominate. In these
regions a microbial oxidation of CH, may be possible. In

forced aeration systems fresh air passes through the piles
from the bottom to the top, caused the a lower O, supply
in the top parts. When the CH, pass through these regions
there were no suitable conditions to oxidation. Coupled
with the aeration and small size which were discussed
above the methane emission from the aeration system
was high. The total GHG ranged from 324 to 743 kg
CO,-eq/ton dm. Orthogonal analysis showed that both
aeration rate and C/N ratio could affect the total GHG
emission. The treatment with a moisture content of 65%
and an aeration rate of 0.48 L/(kg dm-min), and a C/N
ratio of 21 should acquire the lowest total GHG emission.

6 CONCLUSIONS

In this study, the total N and C losses during the
composting of three different materials (OTLs, grass and
seaweeds) were estimated. Continuous monitoring of the
experimental buckets for a period of 200 days and the
results of various chemical analyses showed that
throughout the composting process, both C and N
gradually decreased at an absolute basis. The N losses
were higher than the C losses for all buckets.

Environmental conditions (winter-summer)
significantly affect C and N losses and thus the compost
quality.

6 REFERENCES

[1] USEPA, Standards for the use or disposal of
sewage sludge (40 Code of Federal Regulations
Part 503) - US Environmental Protection Agency,
Washington DC, (1993), pp. 5-9.

[2] N. Zhu, Effect of low initial C/N ratio on aerobic
composting of swine manure with rice straw —
Bioresource Technology, Vol. 98, (2007), pp. 9-13.

[3] F. Zucconi, A. Pero, M. Forte, M. de Bertoldi,
Evaluation toxicity of immature compost —
Biocycle, Vol. 22, (1981), pp. 54-57.

[4] C. Apamna, P. Saritha, V. Himabindu, Y.
Anjaneyulu, Techniques for the evaluation of
maturity for composts - Waste Management, Vol.
28 (2008), pp. 1773-1784.

[5] M. Gomez-Brandon, C. Lazcano, J. Dominguez,
The evaluation of stability and maturity during the
composting of cattle manure - Chemosphere, Vol.
70, (2008), pp. 436-444.

[6] F.M. Rashad, W.D. Saleh, M.A. Moselhy,
Bioconversion of rice straw and certain agro-
industrial wastes to amendments for organic
farming systems: 1. Composting, quality, stability
and maturity indices - Bioresource Technology,
Vol. 101, (2010), pp. 5952-5960.

[71 C. Zeman, D. Depken, M. Rich, Literature review-
research on how the composting process impacts
greenhouse gas emissions and global warming -
Compost Science and Utilization, Vol. 10, (2002),
pp.72-86.

[81 J.D. Murphy, N.M. Power, A technical, economic
and environmental comparison of composting and
anaerobic digestion of biodegradable municipal
waste - Journal of Environmental Science and
Health, Vol. 41, (2006), pp. 865-879.

[91 P. White, M. Franke, P. Hindle, Integrated Solid
Waste Management: A Lifecycle Inventory -



20th European Biomass Conference & Exhibition - Setting the course for a biobased economy, Milan, Italy, 18-22 June 2012

[10]

(1]

[12]

[13]

[14]

[15]

[16]

(17]

(18]

[19]

(20]

(21]

(22]

(23]

[24]

Blackie Academic and Professional, London, UK
(1995).

X.F. Lou, A mathematical estimation of the impact
of landfilling, composting and anaerobic digestion
on greenhouse gas emissions: the total emissions
accountability mode - Honours Thesis, Murdoch
University, Australia, (2008).

M.J. Jackson, M.A. Line, 1997, Window
composting of pulp and paper mill sludge: Process
performance and assessment of product quality - In:
ROU (Recycled Organic Unit), Greenhouse Gas
Emissions from Composting Facilities (2007).

S.T. Jakobsen, 1994, Aerobic decomposition of
organic wastes: . Stoichiometric calculation of air
change - In: ROU (Recycled Organic Unit),
Greenhouse Gas Emissions from Composting
Facilities (2007).

X.F. Lou, J. Nair, The impact of landfilling and
composting on greenhouse gas emissions: A review
- Bioresource Technology, Vol. 100, (2009), pp.
3792-3798.

A. Baky, O. Eriksson, System analysis of organic
waste management in Denmark - Environmental
Project 822, (2003).

Franklin Associates Ltd, 1994, The role of
recycling in integrated solid waste management to
the year 2000 - In EPA: Solid Waste Management
and Greenhouse Gases: A Life-Cycle Assessment
of Emissions and Sinks, (2002).

B. Beck-Friis, M. Pell, U. Sonesson, H. Jonsson, H.
Kirchmann, Formation and emissions of N,O and
CH,; from compost heaps of organic household
waste - Environmental Monitoring and Assessment,
Vol. 62, (2000), pp. 317-331.

Y. He, Y. Inamori, M. Mizuochi, H. Kong, N.
Iwami, T. Sun, Measurement of N,O and CH,4 from
the aerated composting of food waste - The Science
of the Total Environment, Vol. 254, (2000), pp. 65-
74.

IPCC (Intergovernmental Panel on
Change), [PCC  Guidelines for
Greenhouse Gas Inventories, (2006).\
DCC (Department of Climate Change), Australian
methodology for the estimation of greenhouse gas
emissions and sinks, (2007).

D.H. Hogg, A. Baddeley, A. Gibbs, J. North, R.
Curry, C. McGuire, Greenhouse gas balances of
waste management scenarios - Eunomia Research
and Consulting, (2008), www.eunomia.co.uk
(visited at 27/05/2012).

ROU (Recycled Organics Unit), Greenhouse Gs
Emissions from Composting Facilities, (2007),
www.recycledorganics.com, (visited at
27/05/2012).

Y.S Wei, Y.B. Fan, J.S. Wang, Composting and
compost application in China - Resources,
Conservation and Recycling, Vol. 30, (2000), pp.
277-300.

USEPA, Solid Waste Management and Greenhouse
Gases: A Life Cycle Assessment of Emissions and

Climate
National

Sinks, - US Environmental Protection Agency,
Washington DC, (2002).
L. Mann, V. Tolbert, J. Cushman, Potential

environmental effects of corn stover removal with
emphasis on soil organic matter and erosion,
Agriculture, Ecosystems and Environment, Vol. 89,
(2002), pp. 149-68.

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

[34]

[35]

[36]

[37]

(38]

(39]

A. Merino, J.M. Edesco, Soil fertility rehabilitation
in young Pinus radiate D: Don plantations from
northern Spain after intensive site preparation —
Forest Ecology and Management, 116, (1999), pp.
83-91.

L.S. Esteban, J.E. Carrasco, Biomass resources and
costs: Assessment in different EU countries -
Biomass and Bioenergy, Vol. 35, (2011), pp. S21-
S30.

N. Scarlat, M. Martinov, J.F. Dallemand,
Assessment of the availability of agricultural crop
residues in the European Union: Potential and
limitations for bioenergy use - Waste Management,
Vol. 30, (2010), pp. 1889-1897.

A. Nikolau, M. Remrova, L. Jeliazkov, Biomass
availability in Europe,
http://ec.europa.eu/energy/res/sectors/doc/
bioenegy/cres_final_report_annex.pdf; 2003
(visited at 22/05/2012).

C. di Blasi, V. Tanzi, M. Lanceta, A study on the
production of agricultural residues in Italy —
Biomass and Bioenergy, Vol. 12, (1997), pp. 321-
323.

G. Ranalli, G. Botturea, P. Taddei, M. Garavni, R.
Marchetti, G. Sorlini, Composting of solid and
sludge residues from agricultural and food
industries: Bioindicators of monitoring and
compost maturity - Journal of Environmental
Science Health, Vol. 36, (2001), pp. 415-436.

M.P. Bernal, J.A. Alburquerque, R. Moral,
Composting of animal manures and chemical
criteria of compost maturity assessment: A review -
Bioresourse. Technology, Vol 100, (2009), pp.
5444-5453.

E. Iglesias-Jimenez, V. Perez-Garcia,
Determination of maturity indices for city refuse
composts -  Agriculture,  Ecosystems &
Environment, Vol. 38, (1992), pp. 331-343.

M.P. Bernal, C. Paredes, M.A. Sanches-Monedero,
J. Cegarra, Maturity and stability parameters of
composts prepared with a wide range of organic
wastes - Bioresourse Technology, Vol. 63, (1998),
pp- 91-99.

L. Wu, L.Q. Ma, G.A. Martinez, Comparison of
methods for evaluating stability and maturity of
biosolid composts - Journal of Environmental
Quality, Vol. 29, (2000), pp. 424-429.

M. Benito, A. Masaguer, A. Moliner, N. Arrigo,
R.M. Palma, Chemical and microbiological
parameters for the characterization of the stability
and maturity of pruning waste compost - Biology
and Fertility of Soils, Vol. 37, (2003), pp. 184-189.
H.J. Ko, KY. Kim, HT. Kim, C.N. Kim, M.
Umeda, Evaluation of maturity parameters and
heavy metal contents in composts made from
animal manure - Waste Management, Vol. 28,
(2008), pp. 813-820.

J.I. Chang, Y.J. Chen, Effects of bulking agents on
food waste composting - Bioresource Technology,
Vol. 101, (2010), pp. 5917-5924.

D. Raj, R.S. Antil, Evaluation of maturity and
stability parameters of composts prepared from
agro-industrial wastes - Bioresource Technology,
Vol. 102, (2011), pp. 2868-2873.

B. Eghball, J.F. Power, Phosphorus and nitrogen-
based manure and compost applications: Corn
production and soil phosphorus - Soil Science




20th European Biomass Conference & Exhibition - Setting the course for a biobased economy, Milan, Italy, 18-22 June 2012

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

Society of America Journal, Vol. 63, (1999), pp.
895-901.

D.A. Iannotti, T. Pang, B.L. Toth, D.L. Elwell,
H.M. Keener, H.A.J. Hoitink, A quantitative
respirometric method for monitoring compost
stability - Compost Science And Utilization, Vol. 1,
(1993), pp. 52-65.

C. Ciavatta, M. Govi, L. Pasotti, P. Sequi, Changes
in organic matter during stabilization of compost
from municipal solid wastes - Bioresource
Technology, Vol. 43, (1993), 141-145.

M. Govi, C. Ciavatta, C. Gessa, Evolution of
organic matter in sewage sludge: a study based on
the use of humification parameters and analytical
electrofocusing - Bioresource Technology, Vol. 44,
(1993), pp. 175-180.

B. Chefetz, P.G. Hatcher, Y. Hadar, Y. Chen,
Chemical and biological characterization of organic
matter during composting of municipal solid waste
- Journal of Environmental Quality, Vol. 25,
(1996), pp. 776-785.

M. Grigatti, L. Cavani, C. Ciavatta, A multivariate
approach to the study of the composting process by
means of analytical electrofocusing - Waste
Management, Vol. 27, (2007a), pp. 1072-1082.

S. Zmora-Nahum, O. Markovitch, J. Tarchitzky, Y.
Chen, Dissolved organic carbon (DOC) as a
parameter of compost maturity - Soil Biology and
Biochemistry, Vol. 37, (2005), pp. 2109-2116.
A.M. Veijalainen, Sustainable organic waste
management in tree-seedling production - Kuopio
University Publications, Finland, (2007). p. 114.
D.A. Iannotti, M.E. Grebus, B.L. Toth, L.V.
Madden, H.A.J. Hoitink, Oxygen respirometry to
assess stability and maturity of composted
municipal solid waste - Journal of Environmental
Quality, Vol. 23, (1994), pp. 1177-1183.

K.E. Lasaridi, E.I.  Stentiford, A simple
respirometric technique for assessing compost
stability - Water Resources, Vol. 32, (1998), pp.
3717-3723.

G. Barrena, F.Vizquez Lima, M.A. Gordillo
Bolasell, T. Gea, A. Sanchez Ferrer, Respirometric
assay at fixed and process temperatures to monitor
composting process - Bioresource Technology, Vol.
96, (2005), pp. 1153-1159.

A. Tremier, A. de Guardia, C. Massiani, E. Paul,
JL. Martel, A respirometric method for
characterising the organic composition and
biodegradation kinetics and the temperature
influence on the biodegradation kinetics, for a
mixture of sludge and bulking agent to be co-
composted - Bioresource Technology, Vol. 96,
(2005), pp. 169-180.

M. Grigatti , L. Cavani, C. Ciavatta, The evaluation
of stability during the composting of different
starting materials: Comparison of chemical and
biological parameters - Chemosphere, Vol. 83,
(2011), pp. 41-48.

D.P. Komilis, I.S. Tziouvaras, A statistical analysis
to assess the maturity and stability of six composts
- Waste Management, Vol. 29, (2009), pp. 1504-
1513.

T. Gea, R. Barrena, A. Artola, A. Sanchez,
Monitoring the biological activity of the
composting process: oxygen uptake rate (OUR),
respirometric index (RI) and respirometry quotient

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

(RQ) - Biotechnology and Bioengineering, Vol. 88,
(2004), pp. 520- 527.

R. Barrena Gomez, F. Vazquez Lima, A. Sanchez
Ferrer, The use of respiration indices in the
composting process: a review - Waste Management
and Research, Vol 24, (2006), pp. 37-47.

L. Berthe, C. Druilhe, C. Massiani, A. Tremier, A.
de Guardia, Coupling a respirometer and a
pycnometer, to study the biodegradability of solid
organic wastes during composting - Biosystems
Engineering, Vol. 97, (2007), pp. 75-88.

F. Adani, R. Confalonieri, F. Tambone, Dynamic
respiration index as a descriptor of the biological
stability of organic wastes - Journal of
Environmental Quality, Vol. 33, (2004), pp. 1866—
1876.

B. Scaglia, F. Tambone, G.P. Luigi, F. Adani,
Respiration index determination: dynamic and
static approaches - Compost Science and
Utilization, Vol. 8, (2000), pp. 90-98.

A. Tremier, A. de Guardia, C. Massiani, J.L.
Martel, Influence of the airflow rate on heat and
mass transfers during sewage sludge and bulking
agent composting - Environmental Technology,
Vol. 26, (2005a) pp. 1137-1149.

A. Tremier, A. de Guardia, C. Massiani, E. Paul,
J.L. Martel, A respirometric method for
characterising the organic composition and
biodegradation kinetics and the temperature
influence on the biodegradation kinetics, for a
mixture of sludge and bulking agent to be co-
composted - Bioresource Technology, Vol. 96,
(2005b), pp. 169-180.

A. de Guardia, C. Petiot, D. Rogeau, Influence of
aeration rate and biodegradability fractionation on
composting kinetics - Waste Management, Vol. 28,
(2008), pp.73-84.

K. Nakasaki, M. Shoda, H. Kubota, Effect of
temperature on composting of sewage—sludge -
Applied and Environmental Microbiology, Vol. 50,
(1985) pp. 1526-1530.

C.F. Atkinson, D.D. Jones, J.J. Gauthier, Microbial
activities during composting of pulp and paper-mill
primary solids, World Journal of Microbiology and
Biotechnology, Vol. 13, (1997), pp. 519-525.
European Commission (Directorate-General
Environment ENV A.2), Biological Treatment of
Biowaste, Working Document, ond Draft, (2001).
http://
www.compost.it/www/pubblicazioni_on_line/bio.p
df (visited at 22/05/2012).

D.P. Komilis, A kinetic analysis of solid waste
composting at optimal conditions, Waste
Management, Vol. 26, (2006), pp. 82-91.

C. Druilhe, A. De Guardia, L. Berthe, A. Tremier,
J.L. Martel, Measurement of waste and compost
biodegradability by  respirometry:  Practical
applications - Techniques, Sciences et Méthodes,
Vol. 5, (2007), pp. 44-57.

I.G. Mason, Mathematical modelling of the
composting  process: a review - Waste
Management, Vol. 26, (2006), pp. 3-21.

F. Adani, C. Ubbiali, P. Generini, The
determination of biological stability of composts
using the dynamic respiration index: the results of
experience after two years - Waste Management,
Vol. 26, (2006), pp. 41-48.




20th European Biomass Conference & Exhibition - Setting the course for a biobased economy, Milan, Italy, 18-22 June 2012

[68]

[69]

[70]

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

A. de Guardia, P. Mallard, C. Teglia, A. Marin, C.
Le Pape, M. Launay, J.C. Benoist, C. Petiot,
Comparison of five organic wastes regarding their
behaviour  during  composting: Part 1,
biodegradability,  stabilization  kinetics  and
temperature rise - Waste Management, Vol. 30,
(2010), pp. 402-414.

IPCC, Climate Change 2007: Synthesis Report. In:
Contribution of Working Groups I, II and III to the
Fourth Assessment Report of the Intergovernmental
Panel on Climate Change (Core Writing Team,
Pachauri R K, Reisinger A, eds.). [IPCC, Geneva,
Switzerland, (2007), p. 104.

A.G. Thompson, C. Wagner-Riddle, R. Fleming,
Emissions of N,O and CH, during the composting
of liquid swine manure - Environmental
Monitoring and Assessment, Vol. 91, (2004), pp.
87-104.

B. Beck-Friis, S. Smars, H. JoKnsson, H.
Kirchmann, Gaseous emissions of carbon dioxide,
ammonia and nitrous oxide from organic household
waste in a compost reactor under different
temperature regimes - Journal of Agricultural
Engineering Research, Vol. 78, (2001) pp. 423—
430.

T. Osada, S.G. Sommer, P. Dahl, H.B. Rom,
Gaseous emission and changes in nutrient
composition during deep litter composting - Acta
Agriculturae Scandinavica Section B-Soil and
Plant Science, Vol. 51, (2001), pp. 137-142.

C. Zeman, D. Depken, M. Rich, Research on how
the composting process impacts greenhouse gas
emissions and global warming - Compost Science
& Utilization, Vol. 10, (2002), pp. 72-86.

Y. Fukumoto, T. Osada, D. Hanajima, K. Haga,
Patterns and quantities of NH;, N,O and CH,
emissions during swine manure composting
without forced aeration: effect of compost pile
scale - Bioresource Technology, Vol. 89, (2003),
pp. 109-114.

X.Y. Hao, C. Chang, F.J. Larney, Carbon, nitrogen
balances and greenhouse gas emission during cattle
feedlot manure composting - Journal of
Environmental Quality, Vol. 33, (2004), pp. 37-44.
M. Wolter, S. Prayitno, F. Schuchardt, Greenhouse
gas emission during storage of pig manure on a
pilot scale - Bioresource Technology, Vol. 95,
(2004), pp. 235-244.

G.L. Szanto, HV.M Hamelers, W.H. Rulkens,
A.HM. Veeken, NH;, N,O and CH,; emissions
during passively aerated composting of straw-rich
pig manure - Bioresource Technology, Vol. 98,
(2007) pp. 2659-2670.

S. Brown, C. Kruger, S. Subler, Greenhouse gas
balance for composting operations - Journal of
Environmental Quality, Vol. 37, (2008), pp. 1396—
1410.

S. Yamulki, Effect of straw addition on nitrous
oxide and methane emissions from stored farmyard
manures, Agriculture Ecosystems & Environment,
Vol. 112, (2006), pp. 140-145.

N.A. El Kader, P. Robin, J.M. Paillat, P. Leterme,
Turning, compacting and the addition of water as
factors affecting gaseous emissions in farm manure
composting - Bioresource Technology, Vol. 98,
(2007), pp. 2619-2628.

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

T. Jiang, F. Schuchardt, G. Li, R. Guo, Y. Zhao,
Effect of C/N ratio, aeration rate and moisture
content on ammonia and greenhouse gas emission
during the composting - Journal of Environmental
Sciences, Vol. 23, (2011), pp. 1754-1760.

C.W. Higgins and L.P. Walker, Validation of a new
model for aerobic organic solids decompositions:
simulations with substrate specific kinetics -
Process Biochemistry, Vol. 36, (2001), pp. 875—
884.

F. Briski, Z. Gomzi, N. Horgas and M. Vukovic,
Aerobic composting of tobacco solid waste - Acta
Chimica Slovenica, Vol. 50, (2003a), pp. 715-729.
F. Briski, N. Horgas, M. Vukovic, Z. Gomzi,
Aerobic composting of tobacco industry solid
waste- simulation of the process - Clean
Technologies and Environmental Policy, Vol. 5,
(2003b), pp. 295-301.

H.V.M. Hamelers, Modeling composting kinetics:
A review of approaches - Reviews in
Environmental Science & Bio Technology, Vol. 3,
(2004), pp. 331-342.

R. Kulcu, O. Yaldiz, Determination of aeration rate
and kinetics of composting some agricultural
wastes - Bioresource Technology, Vol. 93, (2004),
pp. 49-57.

A. Nakayama, F. Kuwahara, Y. Sano, K. Nakasaki,
T. Fukazawa, A numerical modeling of composting
process with aeration - Proceedings of the 2nd
International Conference on Porous Media and its
Application in Science and Engineering, (2007).

P. Bueno, R. Tapias, F. Lopez, M.J. Diaz,
Optimization composting parameters for nitrogen
conservation in composting - Bioresource
Technology, Vol. 99, (2008), pp. 5069-5077.

M. Baptista, F. Antunes, M.S. Goncalves, B.
Morvan, A. Silveira, Composting kinetics in full-
scale mechanical-biological treatment plants -
Waste Management, Vol. 30, (2010), pp. 1908-
1921.

S. Tripathi, J.K. Srivastava, Simulation of Carbon
Dioxide Production during Composting of Agro-
Wastes - International Journal of Engineering and
Technology, Vol. 2, (2012), pp. 76-86.

P.P. Konstantakou, S.A. Haroutounian, V.G.
Papadakis, Multilateral Exploitation of Olive Tree
Lop: Techno-economical Analysis for Leave
Extracts, Compost and Energy Pellet Production -
Linnaeus Eco-Technology, Vol. 10, (2010).

P.P. Konstantakou, V.G. Papadakis, An Integrated
Management and Exploitation of Agricultural
Residues — Application to Olive Tree Lop, 18th
European Biomass Conference and Exhibition,
(2010).

T. Manios, The composting potential of different
organic solid wastes: experience from the island of
Crete - Environment International, Vol. 29, (2004),
pp- 1079-1089.

FCQAO, Methods book for the analysis of compost
—  Federal Compost  Quality  Assurance
Organization Stuttgart, Germany, (1996).
Barrington, S., Choiniere, D., Trigui, M., Knight,
W., Effect of carbon source on compost nitrogen
and carbon losses - Bioresource Technology, Vol.
83, (2002), pp. 189-194.

P. Mallard, D. Rogeau, B. Gabrielle, M. Vignoles,
C. Sablayrolles, V. Le Corff, M. Carrere, S. Renou,



20th European Biomass Conference & Exhibition - Setting the course for a biobased economy, Milan, Italy, 18-22 June 2012

E. Vial, O. Muller, N. Pierre, Y. Coppin,
Environmental impacts of biological treatments of
waste: state of the art -Impacts environnementaux
de la gestion biologique des déchets — Etat des
connaissance, Ademe Editions, (2006), pp. 31-50.

[96] Y. Fukumoto, T. Osada, D. Hanajima, K. Haga,
Patterns and quantities of NH;, N,O and CH,
emissions during swine manure compos ting
without forced aeration: effect of compost pile
scale - Bioresource Technology, Vol. 89, (2003)
pp. 109-114.

[97] S.G. Sommer, Effect of composting on nutrient loss
and nitrogen availability of cattle deep litter -
European Journal of Agronomy, Vol. 14, (2001)
pp. 123-133.

[98] X.Y. Hao, C. Chang, F.J. Larney, G.R. Travis,
Greenhouse gas emissions during cattle feedlot
manure composting, Journal of Environmental
Quality, Vol. 30, (2001), pp. 376-386.

[99] P. Morand, G. Peres, P. Robin, H. Yulipriyanto, S.
Baron, Gaseous emissions from composting
bark/manure mixtures - Compost Science &
Utilization, Vol. 13, (2005), pp. 14-26.

[100] T. Tamura, T. Osada, Effect of moisture control in
piletype composting of dairy manure by adding
wheat straw on greenhouse gas emission,
International Congress Series, Vol. 1293, (2006),
pp. 311-314.

7 ACKNOWLEDGEMENTS

The authors would like to acknowledge that this work
has been financially supported by the SWAM Project
(“Increasing the Regional Competitiveness and Economic
Growth through the RTD & I on Sustainable Water
Management), which is supported by the European
Commission, within the scope of the 7" Framework
programme “Regions of Knowledge and Research
Potential”.

10 LOGO SPACE

- ay

CETENMA

Centra Tecroldgico de ka
Energia ¥ del Mecio Amhiente

* Wk
*

[7AC

REGION

OF WESTERN GREECE

PATRAS
SCIENCE
PARK 5.4,



