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Abstract Anaerobic digestion is widely used for wastewater treatment, especially in the food

industries. Generally after the anaerobic treatment there is an aerobic post-treatment in order to

return the treated water to nature. Several technologies are applied for winery wastewater treatment.

They are using free cells or flocs (anaerobic contact digesters, anaerobic sequencing batch reactors

and anaerobic lagoons), anaerobic granules (Upflow Anaerobic Sludge Blanket – UASB), or biofilms

on fixed support (anaerobic filter) or on mobile support as with the fluidised bed. Some technologies

include two strategies, e.g. a sludge bed with anaerobic filter as in the hybrid digester.

With winery wastewaters (as for vinasses from distilleries) the removal yield for anaerobic digestion

is very high, up to 90–95% COD removal. The organic loads are between 5 and 15 kgCOD/m3 of

digester/day. The biogas production is between 400 and 600 L per kg COD removed with 60 to 70%

methane content. For anaerobic and aerobic post-treatment of vinasses in the Cognac region,

REVICO company has 99.7% COD removal and the cost is 0.52 Euro/m3 of vinasses.
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The anaerobic digestion

Anaerobic digestion is the transformation of organic matter by a consortium of anaerobic

micro-organisms. The main product is biogas. It is composed of a mixture of methane and

carbon dioxide as main components, and di-hydrogen, carbon monoxide and di-hydrogen

sulphur as minor components (Moletta, 2002). This biological reaction is widespread in

natural environment. It happens in anaerobic environment such as marches, rumen, landfills,

grounds, etc. Anaerobic digestion of industrial wastewater is commonly used all over the

world. It is used as a depollution tool but also to produce energy. The metabolic pathway of

anaerobic digestion is shown in Figure 1.

The first step is the organic matter fermentation into volatile fatty acids, alcohol, acetic

acid, di-hydrogen and carbon dioxide by fermentative and acidogenic bacteria. The second

step is the transformation of volatile fatty acids and alcohol into acetic acid, hydrogen and

carbon dioxide by acetogenic bacteria; the last step is methane production from acetic acid

by acetoclastic methanogens, and from hydrogen and carbon dioxide by hydrogenophilic

methanogens.

The temperature could be psychrophilic (5 to 25 degrees Celsius), mesophilic (20 to 45

degrees Celsius) or thermophilic (50 to 70 degrees Celsius). The mesophilic temperature

range is generally used for industrial wastewater treatment.

The redox potential in the medium is very low (under –300 mV) and the pH range is

between 6.5 to 8. Growth of anaerobic bacteria is low and only a little amount of sludge is

produced compare to activated sludge processes.
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The anaerobic digestion is applied for wineries and distilleries, and also on the wastewater

from bottling plant. We have no example of anaerobic treatment of phytosanitary washing

wastewater.

Anaerobic technologies for winery and distillery wastewater treatment

Several technologies can be applied for this treatment. They can be, in one stage, where all

the biological reactions are realised into one reactor, or two stage, where the first reactor runs

the acidogenesis and the second runs the acetogenesis and the methanisation (Moletta, 2003).

Generally the continuous fermentation is used with suspended micro-organisms or micro-

organisms in biofilm structures. These biofilms can be formed without any carrier (granules)

or on a carrier (plastic or mineral). This carrier can be fixed or mobile in the digester. The

scheme of the anaerobic digesters used, is shown on the Figure 2.

The suspended micro-organism technologies are generally used when the wastewater

contains suspended solids:

� Completely mixed reactor with settler and sludge recirculation (anaerobic contact).

(Habouzit et al., 2000).

� Anaerobic sludge beds. The micro-organisms settle inside the digester as for the

anaerobic lagoon, or anaerobic bed (Torrijos and Moletta, 1998).

Biofilm technologies are widely applied. They are used when wastewater has no (or very

low) concentration of suspended solids. The biofilm formation allows significant levels of

biomass in the digester (up to 50 g/l of dry weight). Such technologies include:

� Upflow anaerobic sludge blanket (UASB). The micro-organisms are in the granule,

which are in suspension by the biogas produced and by a recirculation of the wastewater.

At the top of the digester, an internal settler hold back the granule into the digester.

(Muller, 1998).

� The anaerobic filters. The biofilm is fixed on a carrier. The specific area of the carrier

is several hundred square metres per cubic metre of carrier. We may have upflow or

downflow systems. A recirculation of the wastewater is applied in order to have a

homogeneous distribution of the wastewater (Habouzit and Torrijos, 1998).

� The hybrid digester is a digester with a sludge bed at the bottom and an anaerobic filter

at the top (Andreottola et al., 1998).

� The fluidised bed is a technology where the carriers for the biofilm are fluidised by liquid

recirculation. The carriers are particles or inert material.

Macro-molecules
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Figure 1 Metabolic pathway of anaerobic digestion
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� The anaerobic sequencing batch reactor (ASBR) is a very promising technique. It is a fill

and draw process. The digester contains the anaerobic sludge. The wastewater is added

and the anaerobic digestion starts with mixing. When the production of biogas is finished

the agitation stops and the anaerobic sludge settles into the digester. The floating pump P

(Figure 2) removes the same amount of added wastewater. The level of liquid goes from

the H to the B level and the cycle starts again (Ruiz et al., 2002). In order to prevent air

introduction during the draw, storage of biogas should be provided.
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Characterisation of anaerobic digestion

The anaerobic digestion is particularly suitable for winery and distillery wastewater.

Their COD/N/P ratio is unbalanced for aerobic treatment, which need phosphorus and

nitrogen addition. The COD/N/P ratio for anaerobic digestion could be in the order of

800/5/1.

The main parameters used for the characterisation of anaerobic digestion are: input and

output concentrations of COD (kg COD or BOD/m3 of wastewater), organic loading rate (kg

COD/m3 of digester/d), hydraulic retention time (day), gas productivity (m3 of biogas/m3 of

digester/d), methane production (m3 biogas/kg COD removed) and COD (or BOD) removal

efficiency (COD removed/COD applied).

The organic load depends on the technology used and on the type of wastewater to be

treated. The organic load obtained with suspended micro-organism technologies is between

1 to 5 kg COD/m3/d. With UASB reactors, the load applied is between 5 kg to 15 kg COD/

m3/d. For anaerobic filters it is between 5 kg to 20 kg COD/m3/d and generally between 15 kg

to 30 kg COD/m3/d for the fluidised bed.

The COD removal yields are generally high for distillery and winery wastewater treat-

ment. The values are generally between 80–98%. The biogas production is around 500 to

600 litres per kg of COD removed with 60–80% methane.

The organic flow should be adjusted to the reactional capacity of the micro-organisms.

If the reactor is overloaded, volatile fatty acids will accumulate, pH will fall down and we

have a failure of the anaerobic reactor.

Even with high depollution yields, anaerobic digestion treatment is generally not enough

to release the effluent in natural environment. In Europe, the COD amount after treatment,

should generally be under 300 mg/l for industrial wastewater. Therefore anaerobic digestion

is generally followed by an aerobic treatment.

In France, a survey out in 2001 show that 10 digesters were applied to distilleries (Bogdan

and Servais, 2001). Half of themwere anaerobic filters and the others were completely mixed

reactor. The COD removal yield was 85 to 98%. There are 20 wineries implementing

anaerobic digesters. Out of this, 5 were fluidised bed reactors, 12 anaerobic filters; and

3 completely mixed reactors.

Generally speaking for anaerobic digestion, the investment cost (without subsidies) is

between 560 Euro to 5,000 Euro/t, capacity of COD removal, with an average of 2,000 Euro/t

applied. This investment is also 5,000 to 25,000 Euro per m3 of the digester.

The running cost, is between 200 to 1,500 Euro/t, of COD applied, with an average

of 740 Euro per tonne (ADEME, 2003).

The different way of biogas utilisation is the production of steam, electricity, hot water

(for small digester capacities) and co-generation.

Application of the anaerobic digestion to winery wastewater

Anaerobic digestion shows good reliability for this wastewater because generally it has low

nitrogen and phosphorus in regard of carbon content for aerobic treatment.

The wineries have seasonal activity. So the wastewater production occurs mainly during

harvesting and at the time of wine making. The wastewaters can be treated as they are

produced, or can be stored (generally after good sieving) and treated within several months.

In the storage tank of the waste wastewater occurs an acidic fermentation, if the residence

time is long enough.

The digesters are generally heated to reach the mesophilic range with the biogas

produced. Sometime psychrophilic range is used. The working pH values are 6.5 to 8 and

addition of soda will help the process.140

R
.M

o
letta



The COD removal yields are between 65 to 95% and the biogas production is between

400 to 600 l per kg of COD removed. Themethane content is between 60 to 80% in the biogas

and we may have up to 1% of H2S. The anaerobic digester can start rapidly after a shut down

(15 days in general as for restarting period). Two examples of industrial application are

reported below.

Two-step anaerobic filter

This example is at a winery located at Goult Lumières, France (Habouzit and Torrijos, 1998).

It produced 35,000 hectolitres of wine per year. The annual wastewater production was

1,200 m3. During vintage the COD wastewater content was between 8 to 16 g/l with a

1 g/l of suspended solid. The flow sheet of the process is show in Figure 3.

The wastewater is first sieved and then goes to the storage. The tank used can store the

total volume produced. The wastewater goes to 5m3 acidogenic reactor with temperature and

pH control (37�C and 6.5 respectively). The acidogenic wastewater reaches 4 m3 anaerobic

filter and goes to the 15 m3 aerobic post treatment. The biogas is burnt by a flare. This

strategy, with the full storage of the wastewater, allows a small volume of reactor and

treatment during all the year.

In the acidogenic phase, the soluble COD removal yield is 24% and the hydraulic resi-

dence time (HRT) was 20 to 38 hours. The organic loads of the anaerobic filter are between

4.6 to 11 kg of COD/m3/d with an average yield of 70%. The organic load of the aerobic

post-treatment is 1.3 kg COD/m3/d. The COD removal yield of the overall process was

between 88 to 98%. The investment cost was 120,000 Euro and the running cost was 4,500

Euro/year (1998).

The UASB application technology

This example is about a winery with annual production of 65,000 hectolitres per year of the

Château de Tariquet, Gers, France (VOR, personal communication). During the vintage

the average concentration of COD in wastewater was 22 g/lt and 13 g/lt of BOD5. The daily

flow rate was 95 m3. The flow chart of the process is show in Figure 4.

The wastewater is sieved and goes into the settler before storing in an 80 m3 tank. In this

tank the acidification occur as well as in the additional storage tank. Two UASB digesters of

138 m3 each, remove the principal part of the pollution. The wastewaters goes in after the

aerobic post-treatment composed with 2 basins of 80 m3 and two settlers of 21 m3. Nutrient,

phosphorus and nitrogen are added to reach a good balance for aerobic growth. Part of the

treated wastewater can be used for dilution, if required. The aerobic sludge is de-watered by

reed sludge bed process.

Sieve Storage Acidogenesis

Anaerobic filterAerobic post
treatment

Biogas

Settler

Wastewater in

Treated water out

Sludge

Figure 3 Flow-chart of the two-step anaerobic treatment
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Application of anaerobic digestion to vinasses treatment

The anaerobic digestion of wine vinasses is widespread in the world. They are obtained by

distillation of wine and they are at high temperature. They result from production of Cognac,

armagnac, Chilean Pisco or other brandy around the world. Other types of vinasses can be

also treated by anaerobic digestion: as distillery wastewater from Scotch Whisky factory by

baffled reactor (Boopathy et al., 1988), or from a tequila distillery with UASB (Ilangovan

et al., 2001). They are easily biodegradable and have a high COD (20 up to 60 g/l). The

technologies used are for example, anaerobic downflow anaerobic filter, UASB, or an-

aerobic contact if they have high content of suspended solids. Generally speaking all tech-

nologies described in Figure 2 could be used. The COD removal yield is generally very good

as to 80 to 98%.

An example of anaerobic treatment of vinasses in Cognac region is shown here. Revico

company treats vinasses from cognac production. The volume of vinasses is 350,000m3/year

from November to March. The average COD is 30 g/L with 20 g/l BOD5. This company

processes 70 to 80 t COD/d with an average flow of 100m3/h. The flow chart of the treatment

is shown in Figure 5.

Sieve Settler
Additional

storageStorage tank and
acidification

Anaerobic digester
UASB

soda

Aerobic Post-treatment

Reed sludge
de-watering

nutrient

Wastewater

dilution

Treated
wastewater

Figure 4 Flow-chart of the wastewater treatment Chateau de Tariquet
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Output of
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Figure 5 Flow-chart of the anaerobic/aerobic treatment of vinasses at Revico company142
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Vinasses are stored in several tank (50,000 m3 is provided) and are digested by 4 plants

(A, B, C, D). Three are completely mixed systems (5,000, 6,000 and 6,000 m3 digester) and

one aerobic filter which have 4,000 m3 size, and only 1,000 m3 of support inside. This last

digester is used only if necessary.

The temperature is only 37 degrees Celsius. The organic loads of the completely mixed

digester are between 3 to 5 kg COD/m3/d and 6 to 7 kg COD/m3/d for the anaerobic filter.

The biogas production is 0.65 m3/kg COD removed with 65% CH4.

The wastewater goes through a vacuum in order to release dissolved biogas before

settling. The COD removal yield is at this point 93.6% (as average on the year). Part of the

sludge is returned to the completely mixed digesters.

The wastewaters go to 10,000m3 aerobic pond with surface aerators (350 kW/h installed).

The wastewaters then go into a settler. Part of the sludge returns to the pond. The supernatant

is stored (with 2 months residence time) into four lagoons (two of 20,000 m3 and two of

5,000 m3 capacities).

The total COD removal (anaerobic plus aerobic) is 99.7%. The out put concentration of

the wastewater is between 80 to 150 mg/l of COD.

Part of the biogas is used to produce electricity (with two generators) and the other part is

use to produce steam. The energy production is 6 tonne/h of steam, 800 kW/h electricity and

1.3 M w/h heat. For example, the treatment of 480,000 m3 of vinasses gives 3,910 oil tonne

equivalent and 89% of this is transformed into steam or electricity.

Concentrated vinasses (5 to 6 times) can be stored and used until June. Digesters are able

to start within three week after the shut down.

The investment cost is approximately 4 million Euro for the digesters, 600,000 Euro

for the production of electricity and 400,000 Euro for the steam production.The running cost

is 0.52 Euro/m3 of vinasses.
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industries agro-alimentaires. Coordonnateur Moletta R., ed. Tech et Doc.

Moletta, R. (2003). Traitement des effluents vinicoles par digestion anaérobie,Effluents viti vinicoles, Vigne et
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