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Abstract
The wine industry in Catalonia (Spain) plays an antgnt role in the economy of the
region. In this framework, Miguel Torres S.A. isvell known industry specialized in
the production of high-quality wines and brandy,ickhpossesses its own vineyard.
Two of the main solid wastes produced in this kaidndustry are: stalkwaste from
grape harvesting which is only produced during &mpier and October) and wine
sludge from the biological wastewater treatmentfplehich is steadily generated.
A composting process was proposed to treat thesetganic wastes for recycling its
organic matter content to the vineyard crops. Brpemts at laboratory scale in static
composting systems did not show positive resultsliiterent stalk:sludge mixtures due
to the high moisture content of both wastes. Fietonposting experiments with
windrow methods showed that the thermophilic rapigeomposting could be achieved
for a 2:1 stalk:sludge volumetric ratio resultimga complete sanitation of the material
with thermophilic temperature of over 55°C for 28ysl The stability and maturity of
the final compost was very high (Dewar self-heatiegt maturity grade V and static
respirometric index 0.10 mg.Q Total Organic Mattérh'). Due to its seasonal
production, stalk storage was necessary. A studthefchanges of stalk properties
during one year is also presented. Bulk density water holding capacity decreased
with storage time while FAS (Free Air Space) andopity increased. No remarkable
changes in organic matter content were observed.
Co-composting of stalk and wine sludge generatdberwine industry is presented as a
sustainable waste management strategy, which pesdacsanitized fertilizer suitable

for application in the vineyard, closing the orgamatter cycle.



I ntroduction

The wine industry in Catalonia, Spain, plays anangnt role in the economy of
the region. Spain is a European leader in the iatons in the area. Large companies’
investments have been characteristic in the lasrsyewhich have supposed the
improvement of the quality of wines and spirits dhd image of the cellars (Miguel
Torres S.A., 2004). Miguel Torres S.A. (Vilafrandel Penedés, Barcelona, Spain) is a
well known industry specialized in the productiohhigh-quality wines and brandy.
During the production process significant amountsliquid and solid wastes are
generated. Miguel Torres has a wastewater treatrplamit in its facilities for the
treatment of wastewater and vinasse generateceimthustry. Approximately, 80% of
the total wastes generated are organic wastes-prdalucts. The characteristic of the
wastes produced in Miguel Torres are grape poma@#), lees (20%), stalk (7.6%)
and dewatered wine sludge from the wastewaterntieat plant (7%). Recycling of
grape pomace (grape peels and seeds) which isqeddluring the grape pressing, and
lees, consisting of the sediments from the fermemtaand the clarification operations,
is already well established. The management ofther two important organic solid
wastes, stalk and wine sludge, is at the momemreddto an external company.

At present, there is a tendency towards the agu@lluse of sludge. The unique
legal restriction to direct land application of thledge is given by its content on heavy
metals and potentially toxic compounds. Therefootedn” sludges coming from
agricultural industries may be suitable for dirdahd application. Miguel Torres
possesses its own vineyard in Spain, California@hide. Given that Spanish soils are
poor in organic matter, vineyard crops require nigéertilization. However, European
Commission is preparing a new Directive on thedgalal treatment of organic wastes

(European Commission, 2001). According to this Clikee the sanitation of sludge



before its application to land will be mandatoryheT absence of pathogen
microorganisms is also crucial in the vineyard igation. Composting is one of the
alternatives proposed by the Directive in ordeaithieve sludge sanitation.

Main factors influencing the composting processtaneperature, water content,
oxygen concentration in the composting matrix, payand free air space (FAS).
Temperature is both a consequence of the compogtoagess (microbial metabolism)
and a control parameter. Temperatures providingriwe@mum degradation velocity are
in the range of 40-70°C (Haug 1993). The watereaanf sewage sludge is usually too
high for direct composting and a bulking agentesassary to reach an optimum water
content, porosity and FAS (Haug 1993). The optitnraof the sludge-bulking agent
mixtures for urban or industrial sludge compostiag been extensively studied (Miner
et al. 2001; Milneet al. 1998; Morisakit al. 1989; Sesagt al. 1997). Also, the type of
bulking agent used and its particle size has begpathized as an important factor in
sludge composting (Jokelet al. 1997; Morisakiet al. 1989). Studies on sludge
composting are presented at different scales, &by, pilot plant or field scale (Jokela
et al. 1997; Sesayet al. 1997), being the temperature profile the mairfedgce
observed at the studied scales. Obviously, the amoluheat generated and the heat
retention capacity of the material increase asriass of the material increases.

Stalk appears to be an ideal bulking agent forggdutbmposting, due to physical
properties such as porosity (provided by its brayple structure) and resistance to
biodegradation of the hard-wood fraction (Tuonetlal. 2000). Its chemical properties
are also optimal. Stalk C/N ratio is high (arour®) 8nd equilibrates the low C/N ratio
of sludge (around 5). Co-composting wine sludgenftbe wastewater treatment plant
with stalk as bulking agent would generate a dtaddll fertilizer suitable for its

application to the vineyard crops. Moreover the posting process allows treating



different wood wastes that are generated spordgligalthe wine industry, such as
ground old oak barrels (Bertran 2004).

Wine sludge from the wastewater treatment plagerserated steadily during the
year and stalk is yearly produced during the gtagreest, a short period of 4-6 weeks
around September. Stalk storage is necessary tib ins&ine sludge composting during
the rest of the year.

The objectives of this work are: i) to study theammmpostability of stalk with
wine sludge to ensure a complete sanitation ofrthterial, ii) to determine the stability
and maturity of the final compost and iii) to mamitthe properties of ground stalk
during the storage time to study their influencetba optimum ground stalk:sludge

volumetric ratio for composting.

Materials and methods

Materials

The waste materials studied were dewatered (byrifiegdtion) wine sludge
from Miguel Torres wastewater treatment plant; atalk from the wine production
process after grape harvest. Wine sludge is stegditerated during the year and was
sampled just after dewatering. Stalk is generately during the grape harvest in
September and October. Stalk was ground to 5 cen thi¢ grape harvest and stored in a
pile in the open air. These materials were mondlampled for analysis. Composting
experiments were carried out during the year folhmihe grape harvest in September.

Pine wood chips were used as alternative bulkirgnagsawdust was used as

drying agent. Both materials were obtained froracal carpentry.



Composting experiments

Laboratory-scale experiments were undertaken udibgL Dewar® vessels
conditioned for static composting providing a stepand placing a rigid wire net near
the bottom to separate the material from posseédeHtates. The stopper was perforated
in three points for temperature and oxygen conteabitoring and air supply. Wine
sludge and stalk were used in the laboratory-sealgeriments mixed in different
volumetric ratios. In some experiments, wood chvese used as an alternative bulking
agent, whereas sawdust was used as absorbentahtiatecrease the moisture content
of the wine sludge. A complete description of tlenposting Dewar vessel can be
found in Geat al. (2003).

Field scale composting experiments were carriedunaler real conditions in
Miguel Torres facilities using a dynamic windrowngposting system. Two composting
piles of approximately 150 In(height: 2 m, width: 3 m) were built. The volunietr
ratios (stalk:sludge) of the piles were 1.1 andf@rlPile 1 and 2, respectively. Initial
mixing and pile turnings were performed using anfrend loader. Pile turning was
performed weekly during the composting experim@ihie piles were not covered and
situated on a concrete floor to collect the posslbhchates generated in the process.

Temperature and interstitial oxygen of the pilesen@utinely monitored.

Oxygen, aeration control and temperature monitoring

Laboratory scale: Air was supplied to the vessels in aeration cycldere the
total time of the cycle, aeration time and air flaxgre programmed and changed on the
basis of the measured oxygen concentration, torermo oxygen concentration over
10%. Pt-100 sensors were used for temperature ammgt connected to a data

acquisition system (DAS-8000, Desin, Spain) whidsvweonnected to a standard PC.



The system allowed, by means of the proper softyareasis® Das-Win 2.1, Desin,
Spain), the continuous on-line visualisation andisteation of temperature. Pt-100
sensors were placed in the material to measureetatype at half of the height of the
material in the Dewar vessel.

Field Scale: Temperature was measured with a portable Pt-£#08cs (Delta
Ohm HD9214) at two different depths of pile, 40 @@ cm, in at least 7 different
points. Temperature values are presented as avesages.

Oxygen concentration in interstitial air was measuwith a portable ©detector
(Oxy-ToxiRAE, RAE) connected to a portable aspoatpump, both in laboratory and
field experiments. Oxygen and temperature were aredsat the same points in the

field scale experiments.

Respirometric tests

A static respirometer was built according to thegioal model described
previously by lanotti et al. (1993) and following the modifications and
recommendations given by the U.S. Department ofichgure and U.S. Composting
Council (2001). Approximately 250 mL of a compoatnple were placed in a 500 mL
Erlenmeyer flask on a nylon mesh screen that aloaremovement under and through
the solid sample. The setup included a water batmdintain the temperature at 37°C
during the respirometric test. Prior to the assagg)ples were incubated for 18 hours at
37°C. During all the incubation period samples vwaamated with previously humidified
air at the sample temperature. The drop of oxygerient in the flask containing the
compost sample was monitored with an oxygen métardn 5510, Lutron Co. Ltd.,
Taiwan) connected to a personal computer (RS232nuoritation protocol) with a

proper software to register the oxygen values. fidte of respiration of a compost



sample based on total organic matter content (T@&% then calculated from the slope
of oxygen level decrease according to the stanpasdedures (U.S. Department of
Agriculture and U.S. Composting Council, 2001). iessof the static respirometric
index (SRI) referred to total organic matter cohtame presented as an average of three

replicates.

Germination tests

Relative Germination Rate and Relative Root Elangabf cucumber seeds
were determined from a compost extract following tmethod 05.05-B ‘In-Vitro
Germination and Root Elongation’ proposed by TMECTEst Methods for the
Examination of Composting and Compost, U.S. Depamtnof Agriculture and U.S.

Composting Council 2001).

Analytical methods

Different parameters were determined accordinght® s$tandard procedures
recommended by TMECC (Test Methods for the Exarmonabf Composting and
Compost, U.S. Department of Agriculture and U.Sm@osting Council 2001) as
follows: water and dry matter content were deteadiwith the method 03.09-A ‘Total
Solids and Moisture at 70+£5°C’, total organic maffeOM) content with the method
05.07-A ‘Loss On Ignition Method’, bulk densityefr air space (FAS), pore space (PS),
water holding capacity (WHC) with the method 0381Quick-Test for Bulk Density,
Porosity/Pore Space, Free Airspace and Water-Hpl@apacity of Compost’, and

Dewar self-heating maturation test with the met@6d8-D ‘Dewar Self-Heating Test'.



Results and discussion
Evolution of material properties

Figures 1 and 2 show the evolution of water andamigmatter content of the
materials under study. Wine sludge obtained afemtrdugation in the wastewater
treatment plant presented a high water contentrggeevalue 88%), and an average
organic matter content of 70%. Ground stalk, stavettoors, presented high water
content (60-80%) due to the rainfall in winter aspting and the humidity of the area.
Consequently, water content within the recommendedie of 40-60% (Haug 1993;
Safia and Soliva 1987) could not be achieved bynmittie two materials. Therefore it
was decided to cover a part of the ground stalkag®pile to prevent the contact of the
material with water from rainfall (covered stallds Figure 1 shows, this strategy
produced an important reduction of the stalk wetartent.

Additionally, it has to be pointed that althougitagn biodegradation took place
during storage time, leading to physical and stmatchanges that could be visually
recognized, no significant reduction of the totajamic matter content was observed in
stalk when increasing the storage time (FigureTB)s was due to the fact that stalk is
composed mainly by branches (hard-wood fractiom) e biodegradation only takes
place in the soft-wood fraction which is a minadtion of stalk (Tuomelat al. 2000).
Wine sludge composition, on the other hand, presesteady values of water and
organic matter content during the period of study.

Figure 3 shows the reduction of bulk density antewholding capacity and the
increase of FAS and porosity during stalk storageet This was the result of the
biodegradation of the soft-wood fraction of stalkiich consisted of small size particles
that filled the void spaces in the structure of binanches. The reduction in stalk bulk

density (or FAS increase) can make more diffichl integration with wine sludge



when acting as bulking agent. The water holdingacdp of stalk also decreases with
time and thus the capacity of absorbing excess rwatan the wine sludge.

Consequently an increment of the stalk:sludge velnimratio required for composting
was expected for long storage times. This fact pritlbably result in an excessive FAS

in the final mixture (Haug 1993).

Composting experiences at laboratory scale

To evaluate the composting potential of the wagteter study, different ground
stalk:sludge mixtures with volumetric ratios of 121 and 3:1 were tested in 4.5-L
composting vessels. Experiments were undertakerdifgrent dates during the
monitored period of stalk storage. Table 1 showes ithitial water content and the
maximum temperature reached in these experimenis.t® the high water content of
the original materials, the mixtures resulted intewacontents within 75-80% which
were higher than those considered as optimal (H&98). The mixtures presented poor
activity and only in a few cases temperatures eM¥C were reached. None of the
experiments reached the thermophilic range of teatpees (over 45°C) necessary to
obtain a sanitized material suitable for land aggtion (European Commission, 2001).
Figure 4 shows the temperature profile obtainedHge of the mixtures tested.

When the stored stalk was covered, its water contas reduced to about 20%
(Figure 1). Different experiments were carried outh covered stalk and other
alternative bulking agents such as wood chips, thet resulting mixtures again
presented an excessive water content and the aladefinot reach temperatures above
40°C (Table 2).

Since the studied wine sludge was dewatered byriftagdtion, one possible

strategy to reduce water content in the centrifiogabperation might be the addition of
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polyelectrolyte to the wine sludge. To simulatestlsawdust was added to wine sludge
as an absorbent of moisture before mixing withkstahis strategy improved the results
of the composting process. The temperature reacladges near 50°C and the
thermophilic range was retained for 3.5 days, as lba seen in Figure 5. Adding
sawdust in moderate amounts had a positive effette composting process because
sawdust absorbed excess water from the wine sladip@ugh the reduction in the total
water content of the mixture was low (75.5%, TableMoreover, sawdust produced a
very homogeneous mixture with wine sludge breakivgtypical aggregated structure
of a dewatered sludge and improving its integratiatin stalk by reducing the size of

aggregates. This effect was mainly due to the spaaticle size of sawdust.

Field experiments

Piles 1 and 2 (stalk:sludge volumetric ratios df &nd 2:1, respectively) were
built during the grape harvest period (Septembed) rmonitored during the composting
process. Due to the high water content of the fetalk, the water content of the initial
mixtures of both piles was high, 81% for Pile 1 afb6 for Pile 2. In Pile 1, the
material practically had no porosity and consedyetemperature did not reach the
thermophilic range, remaining under 40°C (datastatwn) and it was decided to stop
the composting experiment after two weeks. On therchand, in Pile 2 the composting
process reached average temperatures over 50°@eiweek and over 60°C in two
weeks (Figure 6). Values of temperatures over 588 measured for 4 weeks (days
14-42). As pile turnings were carried out once akyat can be concluded that the
totality of the material was exposed to temperatumethe thermophilic range. Besides,
according to U.S. Environmental Protection AgencyleR503, total sanitation of

biosolids is obtained at 55°C for 15 days and wifmémes, which was the case of wine
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sludge composting (U.S. Environmental Protectioredgy 1995). On the other hand,
aerobic conditions were maintained in the firstelapf the pile (40 cm depth), but
oxygen content dropped under 8% when approachiagcémter of the pile (90 cm).
Because of water evaporation due to the high teatypess reached, the water content of
Pile 2 was reduced from 75 to 68% in 11 days itespi the rainfall. However, values
of moisture in Pile 2 were always in the high ranfi¢ghe composting process (average
value of 70%).

On the other hand, other monitored parameters latecewell with those found
in traditional biosolids composting (Haug 1993).r kostance, total organic matter
content decreased from an initial value of 77% tiinal value of 63%, whereas pH
value ranged from 8.2 to 9.3. Finally, an importastiuction of total volume was
observed in a percentage of 43% in a total compgsteriod of 120 days.

The excellent results obtained for Pile 2 contnagth the laboratory scale
experiments carried out with the same volumettiora 1 (Figure 4, Table 1) where the
thermophilic range was not achieved. As mentionefdrie, the water content and the
FAS of the mixture were critical for the proper quusting development. However, in
large scale experiments the thermal inertia ofrttagerial compensated the problems
presented with FAS and excess of water. Furtherpierquent turning of the material
contributed to the complete higienization of thetenal and to the disintegration of
stalk.

In addition to stalk:sludge volumetric ratio, bulgi agent particle size and
operation scale are interrelated and can affectohgposting process in the same order
of magnitude (Geat al. 2003). The particle size of ground stalk (5 cngymesult too
big for composting in 4.5L vessels. On the othendhaas the bulk density of stalk

decreased within the storage time, the amount @k stequired for adjusting the
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properties of the mixture with wine sludges(water content) increased, leading to high
requirements of bulking agent volumetric ratio am@n excessive FAS. This excess of
FAS can be reduced when operating at higher sdadesause of the compaction
phenomena of the composting material (McCartney @hdn 2001). Moreover, the
bigger the organic matrix is, the higher heat gati@n and retention occurs, which may
improve the temperature profiles obtained (Sheriantoon 2000). On the other hand,
open dynamic systems such as turned piles prodigieerhlosses of water by

evaporation due to the high surface area available.

Final compost properties

One of the most important characteristics to detsnin sludge compost
intended for vineyard application is the stabilaypd the maturity of the material
obtained. Therefore, the Dewar self-heating test Hre respirometric index were
measured for the compost obtained. These testspapelarly used in predicting
compost stability and maturation (Weppen, 2002; rAda al., 2003) and are
recommended in standard procedures and regulafih®s Department of Agriculture
and U.S. Composting Council, 2001; European Comans2001). Static respirometric
index (SRI) obtained was 0.10 + 0.02 mg @TOM®-h*, which can be classified in the
range of highly stable materials (California Contp@siality Council, 2001). Also, the
Dewar self-heating test resulted in the maximumunmiigt grade (V) with temperature
increments below 2°C.

Finally, the germination indexes obtained for thealf compost were 90% and
100% for the Relative Root Elongation and the RegaGermination Rate, respectively.
These indexes indicated that there was no evidehdhe presence of plant toxic

compounds.
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Conclusions

From this work, it can be concluded that: 1) Bullnsity and water holding
capacity of stalk decrease during the storage tamebiodegradation of soft-wood
fraction takes place, while FAS and porosity inseearhus, the optimum volumetric
ratio of stalk:sludge for composting should be @ased during the year. 2) High water
content of stalk and wine sludge was the main gmblin the composting process
studied under laboratory scale conditions. The tamdiof some adsorbent material or
the improvement of the dewatering system are tlrestnategies proposed to reduce the
water content. 3) At field scale, a highly stabhel anature final compost was obtained
when a 2:1 stalk:sludge volumetric ratio was us&thdrow composting with frequent
turning appear to be an optimal technology for ¢bmposting of this waste from the
wine industry.

In conclusion, co-composting of stalk and wine gkidyenerated in the wine
industry is presented as a sustainable waste maneegestrategy, which produces a

sanitized fertilizer for application in the vinegarclosing the organic matter cycle.
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Tables

Table 1. Initial water content and maximum temperaturei@dad in laboratory scale

composting experiments with different mixtureslgtludge.

Date Volumetric Ratio |njtial Water Content Maximum Temperature
Stalk Sludge (%) (°C)

17Sept 1 1 83.1 46.5
17Sept 15 1 83.2 39.1
17Sept 2 1 82.1 43.9
17Sept 25 1 82.0 38.9
17Sept 3 1 81.0 42.9
30ct 1 1 83.2 30.3
30ct 2 1 79.3 38.1
30ct 3 1 76.8 36.7
170ct 2 1 83.6 34.0
170ct 3 1 80.5 30.5
14Nov 2 1 83.4 294
14Nov 3 1 80.8 31.2
16Jan 1 1 83.3 27.7
13Feb 2 1 73.2 38.5
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Table 2. Initial water content and maximum temperaturecined in laboratory scale

composting experiments using an alternative bulkiggnt and amendment.

Date Volumetric Ratio Initial Water Maximum
Stalk Covered stalk Wood Chips Sawdust Sludg€ontent (%) Temperature (°C)
14Nov 0 0 1 0 1 76.6 38.6
16Jan 1 0 0 1 1 82.2 27.9
6Feb 0 0 1 0 1 80.2 325
6Feb 0 1 0 0 1 79.8 37.7
13Feb 1 0 0 1 1 70.5 38.7
13Feb 0 0 1 1 1 68.6 44,2
24Feb 1 0 0 3 3 73.3 49,5
24Feb 1 0 0 6 3 70.6 38.8
6Mar 0 2 0 0 1 77.6 33.3
6Mar 0 3 0 0 1 77.1 36.4
6Mar 0 6 0 1 3 75.5 28.0
6Mar 0 8 0 1 4 70.8 31.9
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Legend to figures
Figure 1. Water content evolution of the materials undedyt stalk (circle), covered
stalk (triangle) and wine sludge (square). Timelesc@n months) ranges from

September (grape collection) to the end of theystud

Figure 2. Total Organic Matter content evolution of the eratls under study: stalk
(circle), covered stalk (triangle) and wine slud@euare). Time scale (in months)

ranges from September (grape collection) to theaéilde study.

Figure 3. Evolution of physical properties of stalk duristprage time: Bulk density
(kg/m®) (circle), Pore Space (%) (triangle), Free Air &»d%) (square) and Water
Holding Capacity (% volume basis) (diamond). Tingale (in months) ranges from

September (grape collection) to the end of theystud

Figure 4. Example of temperature profiles obtained for ¢hsealk and sludge mixtures
in different dates and for different stalk:sludgelumetric ratios: 17 Sept/3:1 (solid
line), 17 Sept/2:1 (dotted line), 17 Sept/1:1 (dasHbotted line), room temperature

(dashed line).

Figure 5. Temperature profile for the mixture stalk:sawdlatige in 6:1:3 volumetric

ratio: composting temperature (solid line) and raemperature (dotted line).

Figure 6. Temperature and oxygen profiles for the field exkpent with 2:1
(stalk:sludge) volumetric ratio: composting tempera (circle), oxygen (square) and

pile turning (triangle).
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