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Abstract

To develop an active microbial activity quickly ddeping stabilizing thermophilic
temperatures during the composting of wastewaitelgsg!, the bulking agent (BA)
plays a major role in establishing the recipe $tng; exposed particle surface area and
porosity. To optimize the biodegradation of a skidgmpost recipe, the objective of
this paper was to study the effect and interaatifonitial moisture content (MC) and
BA particle size distribution. Three 300 L insulhiaboratory composters were used to
treat two series of ten (10) recipes with differeonbinations of MC and BA particle
size distribution. Using a BA to wastewater sludgg mass ratio of 1/ 6, the ten (10)
recipes were repeated using two BA, residues redyicbm a commercial sludge
composting plant and crushed wood pallets. Eachv@ek trial monitored @uptake,
temperature, compost consolidation and airflowritistion. The Central Composite
Factor Design method produced a model from thdteeaestimating the impact of a
wider range of MC and BA particles size distribatidhe MC directly affected the
total O, uptake and therefore organic matter biodegradatiba BA patrticle size
distribution influenced compost consolidation wattMC crossed effect. Both BA
particle size distribution and MC influenced compaisflow dispersion. Composting
was optimized using the BA consisting of recycleglem waste residues with particle
size of 20 to 30 mm and a 55 % MC. The predictiwalats suggested the need for

further optimization of sludge and wood residue posting recipe.
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1. Introduction

The European Community is advocating principlepreention, recycling and
reuse to reduce the environmental and social isssssciated with the landfilling of
organic wastes (Parlement Européen and Conseif)200this context, biological
treatments such as composting are promoted tofdram®rganic wastes into soil
amendments. Nevertheless and for wastewater sledgepnmental advantages must
be demonstrated to justify expensive compostingsatfuctures. The quality of the
finished product requires stabilization and saattan, components highly dependent
on microbial activity especially at the onset o firocess (Miller, 1991).

Optimal aerobic microbial activity is developedaaesult of three main conditions:
(1) accessible biodegradable organic matter; (8)kae conditions maintained
throughout the mass, and; (3) chemical and physmaditions conducive to microbial
development, such as optimal pH, C:N ratio, moesttontent (MC) and temperature.
The compost recipe must be formulated based oprtperties of the waste to be
treated such as: its biodegradability, particle €xposing a specific surface area and
porosity; the nature of the aeration system, narsgiyc, passive or dynamic, and; the
turning frequency of the compost (Barrington et2002). A specific composting
process is influenced by the nature of the treateste, and specifically its physical
characteristics (Agnew and Leonard, 2003).

Numerous studies have measured the biodegradateletiad of organic wastes
through chemical or biochemical measurements,dwtfave investigated the effect of
physical parameters on the biodegradability ofabrpost material. Physical
characteristics play a major role in determiningd@3tribution and microbial access to
biodegradable organic matter. Based on their implaetphysical characteristics of

compost can be classified into five (5) categonmesisture content (MC); density;



particle size distribution; air porosity, and; distribution throughout the compost
(Agnew and Leonard, 2003). According to Kraft (2)Q%0 more parameters affect
gas flux, namely specific surface area of the cahparticles and air permeability.
Indeed, microbial growth depends on MC becausenfatexample, is a reactant
during hydrolysis. Nevertheless, MC must not lithi transfer of gases such asad
CO, (Miller, 1991 ; Aguilar-Juarez, 2000). Compost solidation influences density
and as a consequence, aeration and gas exchaagedeRize distribution defines the
particle surface exposed to microbial biodegradafddohee and Mudhoo, 2005) and
the compost consolidation potential. By acting empeability, air porosity influences
airflow pathways (Veekeat al., 2003) and therefore biodegradation kingticsugh
heat and gas transfers (Agnew and Leonard, 20@3}l\L. particle size distribution and
air porosity define the tortuosity factor, nameig tratio between real and linear
airflow pathways, which impacts the effective digpen of air (Coulson and
Richardson, 1994). For a successful compostingasychese physical characteristics
must be managed to quickly produce thermophilicgeratures. The MC can be
optimized by adding water or a dry bulking agemM\)BSpecific surface area and air
porosity can be modified by selecting the proper@#ticle size distribution and
waste to BA ratio.

When composted, wastewater sludge offers no steietud a high MC, thus,
requiring a very specific BA particle size distrilmin and mass ratio. Eftoda and
McCartney (2004) studied BA requirements to optartize free air space (FAS) value
of sludge composted with wood chips. Gea et aDT2@re among the few who
studied the individual effect of BA particle sizisttibution and mass ratio on sludge
compost behaviour (Quptake, consolidation, airflow patterns), but ithteraction

between MC and BA patrticle size distribution wasingestigated.



Therefore, the objective of this project was talgtthe impact and interaction of
initial MC and BA particle size distribution on cpast material biodegradability. Two
different BA were tested: BA1 consisting of greeastes recycled from a commercial
sludge composting plant, and; BA2 consisting osbaed wood pallets. The study was
conducted using three laboratory composters, edthav800 L working volume. The
final objective was to optimize the composting lofdgle with wood residues, and

ensure its complete and fast stabilization.

2. Materials and Methods
2.1. Composting reactor and monitoring instruments

The composting of sludge and BA was studied uginggt pilot reactors (Figure 1)
simulating the active phase of the composting me¢Be Guardia et al., 2008). Each
reactor consisted of an airtight 300 L stainlesglstylindrical chamber with an inside
diameter of 0.7 m and a length of 0.8 m. A 50 myetaf polyurethane insulated the
reacting chamber and limited heat losses. Aeratias provided by an air blower
introducing air through the bottom plenum of thaater, at a continuous rate of 550L
h™. Gas samples were collected for analysis frontaheplenum.

Parameters monitored during the experiments war8ow rate as measured by a
volumetric air flow meter (Actaris, France, Gal@sl.6, Qu0f 2.5n% h'), mass loss
using a continuous mass monitoring device (Pre@&M, France) on each reactor,
temperature of the compost using Pt 100 temperatotges (TC SA France,
thermocouple K), inlet and outlet air temperaturd eelative humidity (Vaisala,
France, HMP 243, 0-100%/0-100%), depth of the cahpside the reactor
(manually), and inlet and outlet air streamddncentration using a paramagnetic

analyser (Servomex, France, Analyser 4200, 0-25% O



Moreover, the airflow pathway was characterizes@isi gas tracing method
determining the Retention Time Distribution (RTD)dethe airflow dispersion
coefficient (D’) within the reactors (Tremier et,&005). Methane was chosen as
tracer because of its detection in limited conaidns of less than 50ppat the outlet
of the reactors and it lack of impact on the micgamisms involved in the composting
process. Also, methane offers gas properties sitalthose of air and it is easily
guantified using an infrared detector. For each Ri€asurements, 150 ml of tracer
gas (methane) were injected as a pulse into tleziegtairstream using a 150 ml
syringe. The concentration of tracer gas at thetogairstream exit was monitored
every minute using an infrared detector (Servorkeance, Analyser 4200, Glof O-
10%)until its volume was almost completely recoverelde RTD curve (E(t)), the
mean residence time ( and the variancest) were computed from the measured
tracer gas concentration and air stream flow lagéednspiel, 1999).

All three compost pilot reactors were used durlmggtudy to test each composting
recipe for four (4) weeks and the compost matevasd turned once, early in the third

weeks of composting.

2.2. Experimental materials
The experimental dewatered sludge was obtained &marctivated sludge reactor
treating the wastewaters of a slaughterhouse. Whexperimental bulking agents
were: BA1 composed of green wastes recycled fraonamercial plant composting
slaughter house sludge, and; BA2 consisting offrdsvood pallets. As opposed to
BA1, BA2 consisted of relatively inert organic neaittarrying a limited microbial
population adapted to composting. All mixtures cosgd of BA1 and BA2 were

called M1 and M2, respectively. Both M1 and M2 hlael same BA to sludge dry mass



ratio of 1/6, to compare recipes with the samermakorganic matter
biodegradability. Thus, composting behaviour factetiial, such as Quptake and loss

of mass, was mostly affected by its physical charastics.

2.3. Experimental design

For composting and to study the influence of thgalnlMC and BA particle size
distribution, the statistical procedure consistedatting up a Central Composite Factor
Design. This design produces a second order poliai@guation or model (Goupy,
1999). Using the two independent variables, narivilyand BA particle size
distribution, two series of ten (10) experimentseveonducted where, for each series,
four (4) experimental points corresponded to afaobors complete factorial design,
two (2) points offered central values and four powifered extreme valuea €
1.414).Thus, five values were tested for each independamdble: MC in the range of
20 and 70 %, and; BA particle size distributiorthia range of 8 and >40 mm. For each
type of BA, five (5) particle size distributions meobtained using a rotary sieve and
then dried. The experimental MC was obtained Hdyeeiadding water or partially
drying the sludge for a few days at 30°C. Tablerhmarizes the experimental
conditions tested using a set of ten (10) triatsefach type of BA. To conduct the
statistical analysis, the values for both indepehgariables were normalized (Table

1).

24. SHatistical analysis
The Central Composite Factor Design uses the faligwecond-order polynomial

model to predict the composting behaviour of adargmber of combinations for



various MC and BA particle size distribution, basedthe results obtained from each
set of ten (10) experimental trials:

Y =Bo + Baxa + Boxz + Baxiz + Baxas + Psxzz (1)
where vy is the predictive response (ptake; compost consolidation and airflow
dispersion), xand % are the normalized independent variablesjscthe interaction
between the independent variables,and %, are the quadratic interactions of the
independent variables afidare the model coefficients. Separate models were
produced for M1 and M2.

Analysis of variance (ANOVA) determined the sigogince of the models using the
F-Test, at a confidence level of 90% (p < 0.1). &bwer, the significance of each
regression model parameter (variable or interagtias determined using a Student
Test at a confidence level of 75% (p < 0.25). Soehconfidence level is justified by
the model coefficientd}) which were larger than the determination errothefr
respective values, where this determination egoelated to the experimental error. In
this study, the heterogeneous substrate led tbwelalarge standard deviations
ranging from 10 to 20 %. Therefore a confidencel®¥ 75 % rather than 90 % was
considered to be significant, considering that 96dld not be obtained.

The regression coefficient R2 measured the glabaf the regression model with
the experimental data and the adjustment of theeleadas considered acceptable for
R2 greater than 55 %. All statistical analyses wendormed with the software

Statgraphics (Centurion XV, Warrentown, VirginiaSA).

2.5. Chemical analysis
All experimental materials and compost mixturesenamalyzed for dry matter

(DM, %), organic matter (OM , % DM), Total CarbdhQ, mg C g DM'), Chemical



Oxygen Demand (COD, mg,@ DM™) and Total Kjeldhal Nitrogen (TKN, mg N g
DM™).

Dry matter was obtained by drying triplicate wemngdes of 1 kg at 80°C until a
constant mass was reached. Moisture content (M&)determined as the difference
between the wet and dry masses. Organic matter (fxd)determined by incinerating
dried samples at 550°C for 4 hours (Standard meitod 44-160, Afnor, 1985).
Total Carbon (mg C g DM) was determined according to the standardisedadeth
NF-EN-13137 (Afnor, 2001a) where dried samplesoaidised to CQ quantified by
infrared spectrometry (SKALAR device, The NethedanFormacs TOC Analyser).
Chemical Oxygen Demand (COD) was determined byrdiolate oxidation on dried
50 mg samples (adaptation of the standard method 8101, Afnor, 2001b). Total
Kjeldahl Nitrogen was determined using dried 50samples mineralized using 18 M
sulphuric acid, followed by steam distillation ahén titration (adaptation of the
standard method NF ISO 11261, Afnor, 2000).

3. Results and discussion
3.1. Chemical characteristics of the substrates and mixtures

All experimental materials and compost mixtures &mtl M2 are characterized in
Table 2. With a coefficient of variation (CV) unded%, where CV is defined as the
standard deviation divided by the mean value, lindge and BA samples offered
similar OM and TC. The sludge and the two bulkiggrts, BA1 and BA2, offered an
average OM to TC ratio of 1.66, 1.81 and 20.5 retspay, while the M1 and M2
mixtures offered a ratio of 1.81 and 1.96. Thedaasare in the range of the typical
ratio of 1.83 commonly used to compute TC from@M of organic wastes

(Barrington et al., 2002).



The Total Kjeldahl Nitrogen (TKN) values were meagiable especially for the
various particle size distributions for both BAldaBA2, because: the analytical
samples limited to 50 mg are relatively small coragao the BA particle size; sieving
the BA to obtain a specific particle size distributlikely lead to variation, and; drying
the BAs before analysis lead to some N volatilaati

The M1 and M2 mixtures demonstrated a low CV urtdérfor all parameters
except for TKN (CV over 25%) which reflected theiadility of this parameter with
particle size distributions for both BA1 and BA2eWrtheless, individual M1 and M2
mixtures were considered equivalent because thBir&io remaining within a similar
respective range of 15 +/- 5and 38+/- 9, for aitipke size distributions. Thus,
individual M1 and M2 mixtures offered comparablewgtical characteristics and total
potential biodegradable organic matter. Thus, fgivan mixture for M1 or M2, the
observed differences in the composting behavioueaéributed to the physical
characteristics, namely MC and BA particle sizéritiation.

3.2. Composting behaviour of the recipes

All compost recipes were monitored for biodegramigtcharacterized by totabO
uptake, temperature regime, consolidation or changepth of the material inside the
reactor, and air dispersion coefficient indicatihg variation in airflow dispersion.

The biodegradability of the compost mixtures ise@kd by the initial Quptake
rate peaking after 2 to 5 days, depending on ttipedFigure 2). Temperature varied
in parallel with Quptake rate. By the end of week two, theuptake rate and
temperature had dropped to a low stable valueca@tipost mixtures were then
remixed which generated another shorter and snadlgk resulting from renewed
microbial activity. The second peak was more prowed for the M1 trials as

compared to those for M2.



For both M1 and M2 trials, peak temperature apdi@ake rate and time to reach
these peaks were observed to vary with MC but nibt BA particle size distribution.
The highest peak Quptake rates were obtained with 45 % MC.

For the M1 mixtures, an initial MC of 63 % watertygl the recipes for trials 3 and
10, resulting in a low @uptake because of limited compost aeration. Falr3r the Q
uptake rate increased during the first three (35 dmit peaked at only 10 mMobL©&*
kg DM*and remained at that level thereafter. For trialth® Q uptake rate increased
slowly to peak after 12 days at 12 mMall0} kg DM™. As compared to M1 for trials
3 and 10, the M2 mixtures showed no water loggmdjr@o atypical Quptake rate
likely because BA2, consisting of crushed woodgiallhad a higher water absorption
capacity, as compared to BAL.

With mixtures M1 and M2, respectively, temperatyreaked between 43 to 60 °C,
and 35 to 60 °C, with mean temperatures consigtérgher with the M1 mixtures.
Similarly, the M1 mixtures demonstrated a high¢alt®, uptake of 3.1 to 10.5 molO
kg DM™ as compared to those of M2 of 1.6 to 7.8 mpk@DM™. Already carrying a
microbial population adapted to sludge compostihyymixtures with BA1 lead to a
more extensive organic matter biodegradation agpeoed to M2 mixtures with BA2.

Compost consolidation or change in compost matdapth inside the reactor
differed based on the type of BA used, but not agrtaals for individual BA. Most of
the consolidation occurred during the first fivg ays of composting, as was also
observed by Yue et al. (2008) composting sludgh hatrk and cornstalk.
Consolidation was more important for the M1 mixtilesing 0.4 to 15 % of their
initial depth, as compared to the M2 mixtures Iggito 7.9 %. After the mixing

operation conducted early in week three, more datem®mn was observed especially



with the M1 mixtures which also developed a seqoeak in microbial activity
surpassing those of mixtures M2.

The Retention Time Distribution (RTD) curves prdsarflow patterns throughout
the composting medium (Figure 3). For all ten ({tidls, RTD curves did not show
peaks suggesting that stagnant zones were basitalgnt and aeration short-circuiting
did not occur. The RTD curves produced no thin sytnital peaks associated with
plug flow, nor exponentially decreasing curves agged with mixed flow
(Levenspiel, 1999). Accordingly, airflow distribati respected an intermediate plug
flow pattern with some dispersion. However, thesaxbf dispersion varied from one
trial to the other, based on the BA patrticle sistrihution and the added effect of MC.

Based on the measured data, a compartment flow|nmmlieding a dispersion term
was proposed to simulate the experimental RTD cuavel to determine the global
dispersion coefficient according to the method pemal by Tremier et a2005). The
dispersion coefficient determined at the beginmfthe composting trials was always
higher for mixtures M2 as compared to mixtures Mig@re 3). Thus, the aeration
conditions seemed to induce more homogeneity wikB Bs compared to BAL.

In summary, mixtures M1 and M2 demonstrated singeral composting
behaviours. Nevertheless, quantitative differemeer® measured between each trial
and type of BA, leading to different levels of begptadation and physical behaviour.
Firstly, BA2 consisting of crushed wood palletspaastrated a higher water
absorbing capacity and allowed for adequate aeratien at MC above 60 %, as
opposed to BA1 consisting of recycled green resid8econdly, BA1 resulted in a
higher temperature regime and a higher cumulatingderate of Q uptake, indicating a
greater level of organic matter biodegradation kg agent BA2 consisting of

crushed wood pallets, was more inert and carriesin@icrobes adapted to sludge



composting. Finally, mixtures M2 resulted in lessgolidation and more aeration
dispersion. The uniform aeration conditions lead taore homogeneous
biodegradation of the organic waste, explaininglithéed microbial activity of the

M2 mixtures after the mixing operation of week #re

3.3. Influence of theinitial physical parameters
All compost recipes had the same dry mass rati&”ofo sludge and thus offered
the same level of potential organic matter biodegtian. Nevertheless, the total or
cumulative Q uptake differed from one trial to another (Tabj&a8 well as the relative
consolidation and the initial airflow dispersioreticient. The effect of MC and BA
particle size distribution significantly influengrO, uptake, consolidation and air

dispersion.

3.3.1. Predictive O, uptake

The Central Composite Factor Design method prodtleedbliowing predictive
responses Luptake for mixtures M1 and M2:

Cumulative Q gy = 8.322 -3.622 * X4 (2)
Cumulative Q gz = 5.521+1.978*X -1.371 * X3 (3)

These correlations are highly significant as dertrated by F values obtained with
ANOVA (Tables 4 and 5). The predictive power ofuatjon (3) for the M2 mixtures
was higher with an R? of 78 %, as compared todh&quation (2) with the M1
mixtures, with an R? of 60 %.

For both M1 and M2 mixtures, only MC significandnd positively influenced £©
uptake. The quadratic effect defines an optimumad€r which Quptake decreases.

The observed correlation agreed with the resultsarfg et al. (2003) composting



sludge, and Richard et al. (2002) and Ahn et 808 composting other substrates
such as straw or manure. All these studies foundidadsitively influence organic
waste biodegradation at values of 50 to 60 % (w.Thg predictive values obtained
with Equations 2 and 3, as illustrated in Figuresd 5, suggest an optimum MC in
the range of 50% for mixture M1 and 72 % for mietti2. Accordingly, BA2
consisting of crushed wood pallets offered a greatger absorption capacity as
compared to BAL1 consisting of green waste recyfrl@a the commercial composting
plant. With BA1, water logging eliminated the beniai microbial effects of water at

high MC levels.

3.3.2. Compost consolidation

Mixture consolidation was influenced by MC and Bérticle size distribution. The
positive coefficients (Table 4) show that as MCré@ased so did consolidation along
with biodegradation. Nevertheless, the effect of WM& balanced by the effect of BA
particle size distribution (p < 0.2), because lapgaticles limited consolidation.

Table 4 shows that the predictive response cumesonsolidation were
successfully modelled for both M1 and M2 (p < Ot Tables 5a and b show that the
adjustment of the model was good for M1 (R? = 87but)poor for M2 (R? = 51 %).
Accordingly, the regression model could not be useaatedict consolidation for M2
mixtures. For M1, the model took into account theadyatic effect of each independent
variable, namely MC and BA patrticle size distrilbatiand their interaction. The model
also assessed their crossed influence on condohdatd defined conditions for the
highest consolidation level corresponding to a MG®% and BA particle size of 30
mm. To promote good composting conditions (biodegtian and aeration) this

configuration must be avoided.



3.3.3. Airflow dispersion coefficient

For the M1 mixtures, the initial airflow dispersionefficient was mostly influenced
by MC and BA patrticle size distribution, and theguared or crossed interaction (p
<0.10; Table 4). The MC and BA particle size disition had reverse effects, since a
higher MC limited air porosity especially at valuE#s0 to 60 %, while a higher BA
particle size distribution increased porosity wiogtimized at 20 to 30 mm. The
predictive regression model was validated (p <)abfl presented a good fit with the
experimental data (R? = 96; Table 5a). For mixtiwds Figure 6 shows the estimated
response surface for the global dispersion coefiici

High airflow dispersion leads to homogeneouysi@tribution and optimal
composting conditions. For the M1 mixtures, higbpairsion corresponded to a low
MC and large particle size distribution (Figure l)f this combination did not
optimize organic matter degradation and microbeéivdy as characterized by a lower
O, uptake. Intermediate values must therefore bedaammprove the selection of
these parameters.

No conclusions could be drawn for the M2 mixtudsspite the initial airflow
dispersion coefficient influenced by the quadratteraction between MC and BA
particle size distribution (Table 4). The CV foethirflow dispersion coefficient was
very large, explaining why the predictive model dat fit the data adequately (p >
0.1). For trials 1 and 9 with similar recipes faamples, the D' values offered a CV of
97 %. More experimental points were needed withiMBemixtures to decrease the

error and increase the degree of freedom.

3.3.4. Optimizing the characteristics of the M1 mixtures



Three objectives must be achieved to optimizergetinent of sludge composted
with wood residues. Firstly, organic matter bio@egtion characterized by a high O
uptake rate must be promoted to obtain the desteddllization effect. Secondly,
mixture consolidation during composting must beimined to promote @dispersion
and reduce anaerobic zones releasing odours aedhgrese gases such as methane
and nitrous oxide. Thirdly, the structure of thextare must ensure a high airflow
dispersion coefficient for a homogeneous compoginegess. For the tested
sludge/BA dry mass ratio of 1/6, such conditionsespond to a MC of 55 % and a

BA particle size distribution of 20-30 mm.

4. Conclusions

The objective of the project was to study the dftacwastewater sludge
composting efficiency of moisture content (MC) dndking agent (BA) particle size
distribution. The results show that increasing MCtw an optimum level improved
organic matter biodegradation. Beyond this optinMi@ value, water negatively
affected aeration and microbia} @upply. Influencing aeration, compost consolidatio
was limited by reducing MC and increasing BA paetisize distribution. Airflow
dispersion and as a consequence, aeration homogesas improved with a low MC
and a large BA patrticle size distribution.

Using the Central Composite Design method, empinazadels were produced and
validated to optimize composting recipes. Accortlirand for the mixtures using
recycled green waste residues as BA, the best cetimg@erformance was obtained
with a 55 % MC and a BA particle size distributi@ini?20 to 30 mm. Moreover, this
type of BA proved to have a quantitative effectcomposting behaviour. The green

waste residues recycled from a commercial compggtiant, namely BA1, increased



organic matter biodegradability as compared tolmdsvood pallets or BA2, but
offered less moisture absorption capacity. Crustead pallets as BA2 produced less
consolidation and a higher airflow dispersion. Rartstudies are required to optimize

the ratio of each respective BA when used alonf westewater sludge.
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Table 1. Experimental design, with values normalikased on the Central Composite

Factor Design method.

Real values Normalized values
. MC (%) MC (%)
Trial BA psd BA psd
Nom. Actual Actual Mm)  Nom. Actual Actual (mm)
M1 M2 M1 M2

1 45 52 47.5 20-30 0 0.389  0.139 0
2 45 51.8 45.1 8-12 0 0.378  0.006 -1.414
3 63 63.1 61.4 12-20 1 0.906  0.911 -1
4 27 25.1 25.8 30-40 -1 -1.106  -1.067 1
5 45 39.8 43.6 > 40 0 -0.289  -0.078 1.414
6 27 34.7 26.5 12-20 -1 -0.572  -1.028 -1
7 63 60.6 60.2 30-40 0 0.867  0.844 1
8 20 24.3 25.5 20-30 -1.414  -1.150 -1.083 0
9 45 44.5 43.4 20-30 0 -0.028  -0.089 0
10 70 63.3 61.4 20-30 1.414  1.017 0911 0

Note: MC- moisture content; BA psd — BA patrticleesdistribution; Nom. — nominal
moisture content; M1 and M2 — compost recipes ussgectively bulking agent BA1

(recycled green waste residues) and bulking agagt(Brushed wood pallets).



Table 2. Characterization of the experimental malter

Parameter Sludge BA 1 BA 2 M1 M2
oM 81.1 91.9 99.0 87.4 97.0

(%) (2.8) (2.0) (0.5) (5.4) (0.6)
COD 1406 1398 1353 1384 1322

(mg G; g DM (7.4) (5.4) (2.1) (6.1) (4.0)
TC 488.3 506.9 482.8 483.2 495.3

(mg C g DMY) (6.1) (2.4) (1.8) (5.8) (4.5)
TKN 44.5 4.6 11.0 36.2 14.0
(mg N g DMY) (6.8) (23.5) (44.2) (36.2) (25.4)

OM/TC ratio 1.66 1.81 2.05 1.81 1.96

Note: BA1 and BA 2 - bulking agents 1 (recycledegrevaste residues) and bulking

agent 2 (crushed wood pallets), respectively; Md 2 - compost recipe mixtures

using respectively bulking agents 1 and 2; valagzarenthesis - coefficients of

variation, CV (%); OM — organic matter; COD — ChealiOxygen Demand; TC —

Total Carbon, and; TKN - Total Kjeldahl Nitrogen.



Table 3. Oxygen uptake, consolidation and airahdispersion coefficients for all

trials.
Trial Total G, uptake Consolidation Airflow dispersion
(Mole O, kg DM?) (% initial height) coefficient
(D', m*s%)
M1 M2 M1 M2 M1 M2
1 8.71 6.3 13 79 519710 43210
2 10.50 6.3 15 56  1.23t0 2.471c¢
3 6.00 7.6 9.7 6.1 4.15f0 13010
4 3.46 1.6 0.4 0 13.4710 104 10"
5 6.69 4.7 3 0 34710 47410
6 5.21 7.8 1.3 25 2287to 3.701¢
7 7.19 6.5 3.7 74 259710 11.210
8 3.83 2.1 2.2 1.7 1027fo 1.841c¢
9 7.12 4.7 9.7 58  3.407f0 336010
10 3.11 4.4 7.6 3.2 ND 3.9210

Note: M1 and M2 - compost recipe mixtures usingeesively bulking agents 1 and 2;

ND — data not available.



Table 4. Significant effect of independent variagb¥l (moisture content) and X2

(bulking agent particle size distribution).

Predictive Term M1 M2
response
Coefficient p-value Coefficient p- value
Total G, uptake Intercept 8.32 _ 5.521 _
(Mole O, kg DM
X1 _ _ 1.978 0.0085
X11 -3.62 0.0089 -1.371 0.1259
Consolidation Intercept 10.94 _ 4.13 _
(% of initial height)
X1 2.71 0.1091 2.23 0.0557
X2 -2.21 0.1179 -1.08 0.2334
X11 -5.98 0.0574 _ _
X1z -4.86 0.0567 B B
X2 -2.59 0.1471 3 B
Airflow dispersion Intercept 4.14 16 - 0.149 _
coefficient
(D’, m*s%)
X1 -1.78 16  0.0724 B B
X5 1.0310" 0.1164 B B
X11 34410 00430 -0.111 0.1281
X1z 25510 0.0457 B B
X22 -1.6210" 0.0834  -0.055  0.2279

Note: M1 and M2 - compost recipe mixtures usingeesively bulking agents 1 and 2.



Table 5a. ANOVA for M1 compost recipes using sludgéd bulking agent 1 (recycled

green waste residues).

M1
Predictive response

Source  Sum D.F. Fvalue Pvalue ° R

Model 29.3 1 11.77 0.73 60
Total G, uptake

Residual 20.3 8
(Mole O, kg DM™)

Total 59.9 9

Model 234.6 5 5.17 0.68 87
Consolidation

Residual 36.3 4

(% of initial height)
Total 270.9 9

Airflow dispersion Model 12610 5 15.7 0.023 96
coefficient Residual 0.04 16 3

(D', m?s?h Total 1.31F 8




Table 5b. ANOVA for M2 compost recipes using sludgel bulking agent 2 (crushed

wood pallets).

M2
Predictive response
Source  Sum D.F. F value P value * R
Model  25.7 2 10.78 0.01 78
Total G, uptake
Residual 7.1 6
(Mole O, kg DM™)
Total 32.8 8
Model  39.0 2 3.58 0.085 51
Consolidation
Residual 38.1 7
(% of initial height)
Total 77.1 9
Airflow dispersion Model  0.03 2 1.92 0.216 35
coefficient Residual 0.06 7

(D', m?s?h Total  0.09 9




Figure 1. Set-up used for each one of the threererpntal composting pilot reactor.
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Figure 2. Variation in @uptake rate and temperature for M1 and M2 mixfuissg
respectively bulking agent BA1 (recycled green wassidues) and bulking agent BA2

(crushed wood pallets).
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Figure 3. Examples of Retention Time Distributi®TD) curves during the initial

phases of composting for M1 and M2 mixtures, usegpectively bulking agent BAl

(recycled green waste residues) and bulking agagt(Brushed wood pallets).
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Figure 4. Estimated Quptake surface response curve for M1 mixturesgusuiking

agent BAL (recycled green waste residues).
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Figure 5. Estimated Quptake surface response curve for M2 mixturesgusuiking

agent BA2 (crushed wood pallets).
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Figure 6. Estimated surface response curve fdairdtrflow dispersion coefficient

using M1 mixtures consisting of sludge and bullkaggnt BA1 (recycled green waste).



