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Abstract
This report summarizes the work done by USC, AGRALCO,  ENEA and SAUZA (WP1) in the last twenty months of the project, regarding data generation at lab and pilot scale. 

Data were generated in four reactors: a UASB lab scale reactor (at USC), a Large lab scale reactor (at USC), a pilot plant at AGRALCO, a pilot plant at ENEA and Sauza.

The database with the experimental data sets obtained are published in the BSCW web page.
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Factual Summary

A.- Experiments at UASB:

1.- Operation in steady state.


November 2002


Normal operation to reach a steady state to start the new experiments. 10 days of operation

Total: USC: 0.25 MM.

2.- Operation at the first steady state 

November  2002– January 2003

Operation at the first steady state at a OLR of 4 kg COD/m3·d with 4 perturbations (organic overload, hydraulic overload, temperature shock and recirculation pump failure)

68 days of operation

Total: USC: 1.77 MM.

3.- Recovery of the system 

January 2003

Recovery of the system to reach stable operation after the perturbations. 10 days of operation

Total: USC: 0.25 MM.

4.- Operation at the second steady state 

February 2003 -April 2003

Operation at the second steady state condition increasing the OLR from 4 to 6 and then to 8 kg COD/m3·d. Because of destabilization, the OLR was reduced to 4 until achieve stabilization. Then the OLR was increased to 6 and steady state was reached. Due to a failure in the mass spectrometer the operation was stopped. 110 days of operation

Total: USC: 2.86 MM.

Grand Total: 5.13 USC:  MM

B.- Experiments at Large Lab Scale reactor (LLSR):

1.- Set up and start up 

November 2002

Setup of the reactor and start up until reach steady state operation at an OLR of 5-6 kg COD/m3·d. 30 days of operation.

Total: USC: 0.78 MM.

2.- Short term organic overloads

December 2002- January 2003

5 short term organic overloads were performed including a stabilization period between each perturbation to assure steady state before the overload starts. The organic overload were 25%, 100%, 200%, 300% and 500% OLR increase. 50 days of operation

Total: USC: 1.30 MM.

3.- Recovery of the system to reach stable operation

January 2003

Recovery of the system to reach stable operation. 20 days of operation

Total: USC: 0.5 MM.

4.- Long term overload 

February 2003- April 2003

Long term overload increasing the OLR three times until overloaded stable operation was reach and recovery of the system. 17 days of operation

Total: USC: 0.4 MM.

Grand Total: USC: 2.98 MM

C: Experiments at ENEA Pilot Plant:

October 2001 – December 2001

Reactor start up with a new inoculum and beginning of the operations.

Crash of the reactor and rebuilding of a new one

January 2002 – June 2002

Hydraulic test of reactor

Second start up of reactor

Acidification of the reactor

Modification of the shape of reactor

July 2002 – September 2002

Third start-up of the reactor

Installation of the software control

Troubles with the pump and new acidification of reactor

February 2002 – April 2002

Last start-up of reactor

Installation of the controller

Beginning of the test for the reactor

Test of COD and VFA relationship

Grand Total:  ENEA: 13.9 MM

D.- Experiments at AGRALCO Pilot Plant and full scale

1- Study, design and set-up of the pilot plant

November 2001 – December 2001


Study and design of the digester

January 2002 – February 2002

Budget analysis and buy of different materials for the build of the reactor (pumps, sensors)

March 2002 - May 2002

Build of the pilot reactor, pipes and electrical installations. 

Total: Agralco: 2.2 MM,  Lemaire: 0.5 MM, Subcontracting: 3 MM

2- Reactor start-up, control system set-up and validation, preliminary experiments


June 2002 –September 2002

The reactor is filled with wastewater for the first time in order to develop biomass. Control was performed with lab data.

October  2002 February  2003

The reactor is filled again with wastewater. Start up of the Lemaire software. A new database is created with on line measurements and off line measurements. 

Total: Agralco: 4.5 MM,  Lemaire: 0.4 MM 

3- Running the experimental protocol D1.1

March 2003– Julio 2003

The reactor is filled again and the the  protocol D1.1 with off line measurements is carried out. The data are collected, processed and added to the data base.

Total: Agralco: 3.7 MM,  Lemaire: 0.1 MM 

4- Improvement of the sampling frequency and off-line measurement for the full scale digester, collection and processing of the data and update of the data base. 

October 2001 – June  2003

Continuously analysis of the 2000 m3 digester. A new data base is available since January 2002 with the following measurements:

On line (1 hour frequency):

Influent: 

· pH, temperature, feed flow Digester

· pH, temperature, biogas flowrate, mixed cycles, recirculation flowrate

Off line (1 per day): 

· Influent and digester COD, VFA, TSS, VSS, Redox.

· Digester Total acidity and  biogas CO2. 

Total: Agralco: 1.6 MM 

Grand Total:  AGRALCO: 12 MM, Lemaire: 1MM, Subcontracting: 3 MM

E.- Experiments at SAUZA Pilot Plant and full scale

1.- 
Pilot reactor start-up and standard working mode

November 2001 – May 2002


Progressive increase of the organic loading rate

Test of the effect of various vinasses (from Cuervo or Sauza)

Test of the response to a vinasse of 100% Agave

June 2002 – July 2002

Effect of a strong increase of the organic loading rate

Effect of stopping the reactor mixing by stopping the recirculation pump 

September 2002 - November 2002


Reactor stopped and restarted. Progressive increase of the organic loading rate

December 2002 - April 2003

Effect of several overload:

· Step in the dilution rate.

· Step in the spend wash concentration.

Total: Allied Domecq UK: 1.9 MM,  Sauza: 8 MM, 

2.- 
Full scale  5000 m3 CSTR reactor 

February 2002 – June  2003

Start-up of the digester with monitoring of new variables (VSS, %CO2), etc.  and improvement of the sampling frequency acquisition of most of the data.

Total: Allied Domecq UK: 0.4 MM, Sauza: 4 MM

Grand Total: Allied Domecq UK: 2.3 MM,  Sauza: 12 MM
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Introduction

This deliverable (D1.3b) present the results of WP1. The main objective of this deliverable is to obtain a large set of data (data base) that will be used by other work packages, for example for model development and calibration, to validate software sensors, for FDI procedures and to base the data mining approaches. 

The innovation of this data consist not only in following the transient response to perturbation for the anaerobic digester, but also to reach abnormal working mode, i.e. achieve destabilisation. A strong connection with WP3 was established in order to compute the conditions which lead to the inhibition region without completely and rapidly crashing the digester. Another innovative point is to explore a broad range of digesters (UASB, CSTR, Hybrid) and scales (from 1 L to  5000 m3) but with similar substrates. 

This deliverable is the continuity of D1.3a, but the data obtained in D1.3a are not recalled here.

The experiments follow the protocol established in D1.1. In some cases this protocol was modified, either because it turned out to be irrelevant or because it was not possible to reached the desired conditions. In the first case an iterative procedure using model simulations was carried out to progressively improve the protocol.

The deliverable is structured by digester, even if the contractual requirement is a data base some comments have been added to highlight the work progress. The data are available in the data base.

USC lab-scale

Materials and methods

The experimental equipment and the analytical methods employed were already described in the Deliverable  D1.3a.

Wastewater composition

The wastewater employed for carried out the experiments was diluted wine at a ratio of 1:20 approximately, in order to obtain a COD concentration between 7,5-9 g/l. NH4Cl and KH2PO4 were added as macronutrients in a appropriate ratio to allow biomass growth. (Table 1). It has to be remarked that this wastewater have a different composition than the employed in the experiments presented in the document D1.3a.

Table 1. Characteristic composition of concentrate wine used in the experiments. 
	Component
	Concentration

	COD
	180 g/L

	Ethanol
	87 g/L

	Acetate
	1 g/L

	Butyrate
	0.25 g/L

	TOC
	47.5 g/L

	TIC
	0.050 g/L

	Nitrite
	N.D.

	Nitrate
	0.007 g/L

	NTK
	0.213 g/L

	Cl-
	0.140 g/L

	SO4-2
	0.539 g/L


Experimental protocol and results

1st reference state

All data presented in this document corresponds to a new operational phase in the experiments, different than those presented in the document D1.3a. 

The experimental data sets obtained in the UASB reactors at lab scale up to the date are reported. Data are available at the TELEMAC workspace at the BSCW shared workspace (http://bscw.gmd.de/) in the following directoriy: “TELEMAC / WP1: Experimentation and validation / Data / USC/ Experimental data of the UASB reactor at USC for the first reference state.zip”. 

Four overloads of different type (organic, hydraulic, temperature decrease and recycling flow failure) were carried out in this reactor. The reference OLR in this period was maintained at 4 kg COD/m3·d. 

The first overload was carried out between days 6 and 10 by increasing the COD concentration from 7,5 to 17 g/l, being the resulting OLR 9 kg COD/m3·d. The second overload consisted in the increase of the feeding flow between days 33 and 38, keeping constant the COD concentration. In the last two overloads, the main objective was to simulate a failure of the process, decreasing the temperature from 37 to 25 ºC between days 49 and 53 and stopping the recycling flow from day 61 to 65. As it can be seen, during the last two experiments, the OLR was kept constant at 4 kg COD/m3·d.

In Figure 2 it is represented the OLR of the influent, effluent and gas during the 68 days of experimentation. The overload experiments are marked in the graphs.

In Figure 3 and 4 are represented the percentage of COD removal and the alkalinity (alkalinity ratio and total and partial alkalinity. It can be seen from the graphs that the effect of the four overloads was very slight, specially in the last two, where the COD removal was almost constant. The alkalinity ratio also did not increase very much, ranging between 0,2-0,3 most of times. 
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Figure 2. Organic Loading Rate (OLR) of influent,
effluent and gas.
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Figure 3. Percentage of COD removal
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Figure 4. Total (TA) and Partial (PA) Alkalinity and Alkalinity Ratio (IA/TA)
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Figure 5. VFA concentration

The on-line values recorded from the four overloads experiments are showed in Figures 6 a and b, 7 a and b, 8 a and b and 9 a and b. It can be seen in Figure 6b) a decrease in the gas flow during the organic overload caused by a failure in the gas flow meter, recovering the correct measure at day 7,71. A mass spec failure took place between days 35.5 and 48.2 (off-line measurements) during the hydraulic overload (Figure 7a))
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Figure 6. Organic Overload. a) gas composition; b) Tª, pH and gas flow
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Figure 7. Hydraulic Overload. a) gas composition; b) Tª, pH and gas flow
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Figure 8. Temperature decrease. a) gas composition; b) Tª, pH and gas flow
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Figure 9. Recycling flow failure. a) gas composition; b) Tª, pH and gas flow
2nd Reference state

The data corresponding to the second reference state are presented in the following pages. Data are available at the TELEMAC workspace at the BSCW shared workspace (http://bscw.gmd.de/) in the following directory: “TELEMAC / WP1: Experimentation and validation / Data / USC/ Experimental data of the UASB reactor at USC for the second reference state.zip”

After the first set of overloads, the OLR was increased from 4 to 8 kg COD/m3·d, the reference OLR for the second reference state (Figure 10). However, it was impossible to maintain this charge, due to a pronounced destabilization of the reactor, maybe caused by channeling of the sludge bed. The OLR applied was decreased gradually to 6 kg COD/m3·d on day 50 and to 4 kg COD/m3·d on day 60. Thus, it was decided to decrease the reference OLR for the 2nd state from 8 to 6 kg COD/m3·d, being this the value applied between days 82 and 110. The variations in the OLR on days 6, 16, 38, 51, 76 and 106 were due to a failure in the feeding pump. In Figure 11 it is represented the percentage of COD removal, which decreased drastically on day 41 to 75 %. However a good recovery of the system was achieved when the OLR was 4 kg COD/m3·d. In the last period, when the OLR was around 6 kg COD/m3·d, the removal increased gradually until 90 %.

The Total and Partial alkalinity and the alkalinity ratio are showed in Figure 12. The alkalinity ratio increased proportionally with the decrease in the percentage of COD removal and with the increase in VFA concentration (Figure 13). The bicarbonate dosage of the influent was doubled between days 43 and 49, in order to neutralized the VFA accumulated. Once the alkalinity ratio returned to normal values the dosage of bicarbonate was decreased to the initial value. However, as a new increase in the alkalinity ratio was produced, it was decided to increment the bicarbonate concentration in the influent a 50 %, condition that was maintained until the end of the experiment. The VFA concentration reached 2,4 g AcH/l on day 49, decreasing gradually to 0,5 g/l in the last step of operation.
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Figure 10. Organic Loading Rate (OLR) of influent, effluent and gas.
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Figure 11. Percentage of COD removal
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Figure 12. Total (TA) and Partial (PA) Alkalinity and Alkalinity Ratio (IA/TA)
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Figure 13. VFA concentration

The on-line values recorded during this period of experimentation are presented in Figures 14 and 15. Due to a mass-spec failure, the on-line gas composition only was measured until day 50. After that, off-line measures were done (data not shown but available through the web in the BSCW work space). 
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Figure 14.On-line values of Tª, pH and gas flow
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Figure 15. On-line values for biogas composition

USC large lab-scale

Materials and methods

The large lab scale reactor is a hybrid UASB-UAF reactor of 1 m3 equipped with the following on-line measurement devices: feed and recycling electromagnetic flowmeters; inflow and effluent pH meter; inflow and reactor thermometers Pt100; biogas flow meter (mass flowmeter); biogas analyzer (H2, CO and CH4); biogas head space pressure  and inflow TOC and effluent TOC, DOC, TIC and DIC. The data from these sensors were measured in a PC through a PLC every 5 s and a moving average was acquired every 5 or 15 min. Figure 15 is a diagram of the pilot plant with the distribution of the sensors and actuators. 

Volatile fatty acids (VFA), Chemical oxygen demand (COD) and Volatile suspended solids (VSS) were determined off-line following standard methods (APHA 1992) and described in Deliverable D1.1 and D1.3a. Total partial and intermediate alkalinity were determined off-line by titration to pH 5.75 and 4.3 (Ripley, 1986). VFA were automatically collected every 15 or 30 minutes for off line analysis.
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Figure 15. Diagram of the pilot plant: 1 feeding pump, 2 nutrient solution pump, 3 recycling pump, 4 feed flowmeter, 5 recycling flowmeter, 6 pH meter, 7 inflow Pt100 thermometer, 8 reactor Pt100 thermometer, 9 gas analyser (CH4 and CO), 10 gas flowmeter, 11 hydrogen gas analyser, 12 heater, 13 hot water pump, 14 heat exchanger, 15 hybrid anaerobic reactor, 16 display panel, 17 PLC and 18 PC. Liquid or gas flow (filled lines), Information flow (dotted lines).

Wastewater composition

The reactor was fed with a synthetic wastewater with diluted wine. At steady state operation the inflow COD was fixed to 8-10 g COD/L, this means a wine dilution of 1:20. During the overloads the concentration was fixed to the desired level according to the overload intensity. A nutrient solution of NH4Cl, K2HPO4 and 80 NaHCO3 was automatically added in order to maintain reactor stability and a COD/N/P ratio of 300/7/1. Table 1, in the previous section, presents a characteristic composition of the concentrate wine used in this study. 

Experimental protocol

Two types of experiments were performed: long term (65 h duration) and short term (4 h duration) overloads.

One long term overload has been performed up to date (Table 2). Inflow COD (and OLR) was increased to a previously known value at which VFA accumulation take place (OLR of 15 kgCOD/m3·d). Overload was maintained until steady state is reached or a high destabilization take place. In this case the overload duration was 65 h.

Table 2. Experimental protocol for long term overloads experiment. 

	Experiment
	Initial COD

(g/L)
	Overloading COD

(g/L)
	Overloading OLR 

(kg COD/m3·d) 
	Duration

(h)

	1
	10
	30
	15
	65


Four short term overload were performed, increasing the inflow COD (and OLR) according to Table 3. The objective of these experiments were to produce data for the development of a module for steady state and non steady state detection, thus short term perturbation were enough for obtain steady state data and non steady state data. Nevertheless these data is also useful as abnormal working conditions data. 

Table 2. Experimental protocol for short term overloads experiments.

	Experiment
	Initial COD

(g/L)
	Overloading COD

(g/L)
	Overloading OLR 

(kg COD/m3·d) 
	Duration

(h)

	25%
	8
	10
	6.25
	4

	100%
	8
	16
	10
	4

	200%
	8
	24
	15
	4

	300%
	8
	32
	20
	4

	500%
	8
	48
	30
	4


It is important to notice that after and between experiments, steady state must to be assures. For this reason the reactor was running in steady state a long period of time after and between experiments (more than 3 HRT’s). So, even if the overload period is 4 or 65 h, the whole experiment take weeks.

Results

Figure 16 and 17 presents the main results of the long term experiment. Full results are available through the web in the TELEMAC workspace at the BSCW shared workspace (http://bscw.gmd.de/)  in the following directory: TELEMAC / WP1: Experimentation and validation / Data / USC/ usc(LLSR)_Overload2003.zip (Overload 200% long). As can be seen on Figure 16, two recirculation failures occurs during the 65 h of overload, producing a high variation in the response of several variables. At hour 60 a stable overload was reach so the experiment was stopped at hour 65.
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Figure 16. On line response for the long term experiment: A) influent TOC and TIC; B) Inflow acetate, propionate and butyrate; C) Gas, recirculation and methane flow rate; D) Methane, Carbon monoxide and Hydrogen gas concentration; E) Effluent and inflow pH; F) Inflow and reactor temperature and gas head space pressure. 
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Figure 17. On line response for the long term experiment: A) Effluent DOC and TOC; B) Effluent DIC and TIC; C) Effluent acetate, propionate and butyrate.

Figure 18, 19 and 20 presents the main results for the short term experiments. Full results are available at the TELEMAC workspace at the BSCW shared workspace (http://bscw.gmd.de/)  in the following directory: TELEMAC / WP1: Experimentation and validation / Data / USC/ usc(LLSR)_Overloads2002.zip (Several overloads 2002). 

As an example of the experiments performance, Figure 18 presents the gas flow rate and methane flow rate for the five experiments (25%, 100%, 200%, 300% and 500% experiments). As con be seen short term perturbation produce abnormal data (hour 5 to 9) followed by a rapid recovery (after hour 9 ). Stable operation was reached before hour 15 in all experiments.

Figure 19 shows, for the 500 % experiment, all the on line measured variables, while Figure 20 present all the off line measured variables for the same experiment.
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Figure 18. Gas flow (solid line) and methane flow rate (dotted line) for the five experiments of short term overload. In all cases overload take place during hour 5 to 9. OLR was increased in different intensity in each experiment: A) 25%, B) 100%, C) 200%, D) 300% and E) 500%.
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Figure 19. On line response for the 500% experiment: A) Feed, recirculation, gas and methane flow rate; B) Methane, Carbon monoxide and Hydrogen gas concentration; C) Inflow and reactor temperature, gas head space pressure and reactor’s pH; D) Influent TOC and effluent TOC and DOC; E) Effluent DIC and TIC; F) OLR and estimated IA/AT; G) TOC removal and H) Effluent acetate, propionate and butyrate 
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Figure 20. Off line variables for 500% experiment: B) Total and soluble effluent COD and influent COD; B) Effluent alkalinity (total, partial and intermediate) and alkalinity relationship and C) Total and Volatile effluent suspended solids. 

Enea Pilot Plant

Materials and methods

A 600 l UASB reactor 6 meter tall was available in the Enea’s laboratories and it was inoculated with a specific anaerobic biomass collected from an industrial wastewater treatment plant of a distillery. The sludge had the following characteristics:

Table 4: Characteristics of the inoculum used

	TS
	VS
	TSS
	VSS

	(g/kg)
	(g/kg)
	(g/l)
	(g/l)

	24.8
	12.46
	19
	11.76


The reactor was completely filled with the inoculum so the concentration of the VSS in the reactor was around 11g/l

A second smaller reactor was used to continue the experiment this reactor was a CSTR reactor of 180 l of volume, and it was inoculated as the previous with a specific anaerobic biomass collected from an industrial wastewater treatment plant of a distillery
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Figure 21: Pilot plant utilized for the experiments.

The reactor was instrumented with manual analyzer of temperature pH and gas flow.

All the others measurement are performed off line in the analytical laboratory. As requested in the protocol developed inside the Telemac partners project the others analysis performed are Chemical Oxygen Demand (COD), Volatile Fatty Acids (VFA), Total (TA) and Partial Alkalinity (PA), Total Suspended Solids (TSS) and Volatile Suspended Solids (VSS), COD was determined by a semi-micro method as described in the “Standard methods for water and wastewater measurements”. VFA was determined by gas chromatograph DANI 8510 equipped with a flame ionisation detector (FID) utilizing a wide bore separation column FFAP 30m 0.8mm 1.25 (m, alkalinity was measured by titration with sulphuric acid. The decided sampling frequency in the liquid phase during the overloads was two hours.

Wastewater composition

The wastewater utilized was collected directly form a distillery and it was used as it is. Because of the small storage capacity of the wastewater in the laboratory the characteristics of the waste water used change in the time according with the seasonal production of the distillery. This could be one of the causes of some problem had during the experimental phase.

The different characteristics of the wastewaters utilized in the reactors are described in the following tables:

Table 5: Main characteristics of the wastewaters utilized

	
	WW1
	WW2
	WW3
	WW4

	COD tot (mg/l)
	44000
	16250
	15000
	102260

	COD s (mg/l)
	35000
	13770
	13000
	100640

	TOC (mg/l)
	12481
	4656
	5464
	

	TC (mg/l)
	12487
	5211
	5536
	

	IC (mg/l)
	6
	554
	72
	

	pH
	3.5
	6.93
	11.8
	4.7

	ac.acet.(mg/l)
	1120
	970
	890
	3700

	ac.prop. (mg/l)
	0
	
	350
	

	VFA tot (mg/l)
	1578
	970
	1240
	3700

	alc.totale (mg/l)
	
	3550
	5650
	

	ST (g/l)
	35
	27
	25
	

	SV  (g/l)
	26
	11
	11.3
	

	SST  (g/l)
	4.83
	5.4
	2.8
	

	SSV (g/l)
	4.22
	2.75
	1.35
	


Management of the pilot plant

The results obtain during the experimental phase up to now is available in the data base.

Here we are going to describe how these results are obtained, their meaning and the problem that we had encountered during this phase.

Enea is involved mainly in two packages one concerning the optimal experimenting design and the other is the software integration.

The reactor that Enea had was all manually controlled and it was necessary to transform it with automatic control to allow the utilization of the same reactor for the software integration. This was one of the main reasons because the experiments are not completely performed.

We had to perform the experiments and at the same time we had to develop and install a system for the automatic control of the reactor. This cause a lot of troubles, because not all the devices are always working and some time the information that we are collecting still manually are not in accordance with the information collected by the computer.

At the same time the control of the pumps and analytical devices at the beginning was not always working properly and this caused some problem.

View the high COD concentration of the wastewater used and considering that the sludge that we are utilizing was working in the industrial scale reactor with an OLR of 2.5 kg COD/m3/d at the beginning the OLR applied was around 2 kgCOD/m3/d with this loading rate we plan to reach the expected 10 kgCOD/m3/d in two month.

During this period we start to work for the hydraulic characterization of the reactor using LiCl as a tracer.

After this characterization the reactor was inoculated and then the real start up began.

The starts up conditions of the reactor were a concentration of VSS of 11.4 g/l and an OLR of 1.0kg COD/m3/d.

During the maintenance of the heating system of the reactor for an error of operation the methacrilate was broken and all the content of the reactor goes out. This big problem obliged us to rebuild a new reactor.

Before to rebuilt it we have to decide if to do it asking at a factory to do it or do it by ourself. In the first case we could have any kind of reactor size and shape but this took eight month. Doing it by ourself it takes less time, three month, but the size must be smaller than the before because the material that we had at home was enough to built only a 200 l reactor.

We decide that it was more important to save time than to have a bigger reactor and so we built the reactor by ourself, even if this mean that several of our devices, in particular pumps and flowmeters, were oversized. At that moment we couldn’t change for three reasons, the first was because of the time loose, the second because those were the smallest pumps, with that technologies on the market, and the third because we were already developing and designing the local automatic control of the reactor and a change of pump means a change of the project.

At the end of December the reactor was again finish.

In January we start again with the hydraulic tests for the characterization of the behavior of the reactor, and the results, as expected were that it was a real CSTR.

In February we start with the new start up of the reactor using an inoculum similar to that we had already used, and also the wastewater. The concentration of the VSS in the reactor at the beginning of the start up was around 10.4 g/l also in this case the OLR starts at 1 Kg/m3/d with the aim to reach 5 Kg/m3/d in one month.

During this second start up we found a continuous loose of the biomass from the reactor that doesn’t allow us to follow the start up program. In any case we try to force the loading to reach the preview working parameters but at the end we obtain an acidification of the reactor that oblige us to stop it and start again. The conditions of the reactor at that moment were a pH of 5.5 and a concentration of VFA around 5000 mg/l.

After an accurate analysis of the situation we decide to change again the shape of the reactor, to control better the wash out of the biomass by hybridizing the reactor using a filter just at the top of the it in the last half meter.

In July we start again the reactor with similar situation than before. At the beginning the feeding was not continuous but once in a day thinking to be reach the continuous flow in one month.

During this period the solid content of the reactor was maintained stable around 8.7gVSS/l.

As already said we are developing also the automatic control of the reactor, to prepare it at the use with the controllers that will be developed by the other partners of the project.

After two month because of an error in the software the loading pump works for all the night feeding much more than the due and in the morning the reactor had a pH of 4.

Again we decide to empty it, because at that condition it was not possible to try a recovery, and to start again.

Before to do that we had to study all the software and to find were the problem was to prevent it.

A second decision that we took was that the feeding couldn’t be continuous but only step fed to prevent again others over loadings.

Before to start again ad after the discover of the software problems, we try to manage the reactor automatically using only water and to test all the possible events that we could encounter.

The test run well, and at the end of February we start again with the new start up. This new start up begin with a wastewater having the following characteristics:

Table 6: Main characteristics of the wastewaters utilized

	COD tot (mg/l)
	44000

	COD s (mg/l)
	35000

	TOC (mg/l)
	12481

	TC (mg/l)
	12487

	IC (mg/l)
	6

	pH
	3.5

	ac.acet.(mg/l)
	1120

	ac.prop. (mg/l)
	0

	VFA tot (mg/l)
	1578

	alc.totale (mg/l)

	ST (g/l)
	35

	SV  (g/l)
	26

	SST  (g/l)
	4.83

	SSV (g/l)
	4.22


Experimental protocol and results

After nineteen days the waste water finish and we went to collect a new stock but in this case the waste water had characteristics much different as it is possible to see in following table.

Table 7: Main characteristics of the wastewaters utilized

	COD tot (mg/l)
	16250

	COD s (mg/l)
	13770

	TOC (mg/l)
	4656

	TC (mg/l)
	5211

	IC (mg/l)
	554

	pH
	6.93

	ac.acet.(mg/l)
	970

	ac.prop. (mg/l)

	VFA tot (mg/l)
	970

	alc.totale (mg/l)
	3550

	ST (g/l)
	27

	SV  (g/l)
	11

	SST  (g/l)
	5.4

	SSV (g/l)
	2.75


The performances and result that we obtain during this period are described in the following graphs (Figure 22).

In this graph it is possible to see the trend of the dissolved COD in and out of the reactor with the two different wastewaters. And it is possible to see how with a decreasing of the concentration of the soluble COD in the water the outlet remain stable or it has a little bit of increasing of the concentration, this because the presence of a non ready biodegradable COD.
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Figure 22: COD soluble in and out in the reactor

At the half of April a simple fuzzy controller has been installed. It worked according to the following principle: a set-point for gas production rate was fixed (140 l CH4/d); when the observed GPR was lower than the set-point value the wastewater flow rate was increased, and vice versa.

For the next ten days, the wastewater influent flow rate, regulated by the controller resulted quite constant and the organic loading rate OLR was in the range of 3,5 – 4 Kg COD/m3/d.

After that, some problems to a back-flow valve (between days 30 - 36) and to the gas flow meter (between days 46 - 55) occurred, as it can be seen in the graph reported below. These problems resulted in a wrong information about the GPR (the measured GPR was nil when the back flow valve didn’t work and was overestimated when the gas flow meter was over).

From day 60, in order to work with higher levels of OLR, it has been decided to uninstall the fuzzy controller instead of a simple increase of the set-point value. This choice was due to avoid further problems with the local automatic control system of the reactor, still developing and under construction.
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Figure 23: Organic loading rate in the reactor as total COD
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Figure 24: Organic loading rate in the reactor as soluble COD

For this reason the controller was disconnected after the day 60 and the OLR was controlled directly by the software with a timer.

According with the decrease of the loading rate the quantity of the gas produced really decrease but the quality increase, and it is maintained quite stable at very good levels also after the loading increase as it is possible to see on the next two graphs.
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Figure 25: Production of biogas
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Figure 26: Percentage of methane in the gas during the start up period

For the Total VFA inside the reactor we can see that after the first 20 days they will maintain quite stable in around a value of 1000 mg/l with only a little increase during the last days.
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Figure 27: Behavior of total VFA in the reactor

At the end of this period we know that the established experimental protocol has not been follow from the ENEA, because not predictable problems that we had during this period.

Now the situation is that we have a reactor well working and with automatic controlled and available for all the purposes necessary at the project, and we think that now we can apply all the protocols of the experiment requested and that we are able to test all the controllers that will be developed.

Agralco Pilot Plant

Materials and methods

Figure 28 present a scheme of the pilot plant
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Figure 28: Scheme of the pilot plant

The digester volume is 32 m3. 

The feed is in the upper part of the reactor and the effluent is collected also in the upper part trough a tube set in the reactor. 

The sludge is mixed during 2 minutes every 15 minutes. These times can be changed in the control software.

The on line sensors are the following:

Influent:

· pH

· Temperature 

· Flowmeter

Effluent:

· pH

· Temperature 

· Gas flowmeter

Wastewater composition

The general characteristics of the industrial wastewater used by AGRALCO is presented in Table 8:

Table 8: General Characteristics of the wastewater used by AGRALCO

	Compound
	Concentration

	COD
	37000 mg/L

	pH
	7.5

	TAC CO3Ca
	4 g CO3Ca/L

	C/N/P
	8/2/1 approximately

	Chloride
	10 g/L

	Polyphenols
	1000 mg/L

	Galic acid
	

	Total volatile acids
	0.5-1.7 g/L expressed as AcH


Operating protocol 

As proposed in D1.1, the protocol for the industrial plants will consist in three different steps. First, the progressive increase of the OLR until 1.85 kg COD/m3·d, working with a COD concentration of the influent equal to 17.5 g/l. After starting-up, a series of destabilizations will be carried out (Figure 29):
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Figure 29. Proposed start-up and low charge period for the industrial-scale plants.

Results 

On march 3rd  the reactor was filled and start the stabilization of it to follow the proposed protocol of operation. 

On April 11th started the progressive increase of the organic loading rate until a maximum value of 1.85 gr/l/day.

A very interesting accident occur on day 20 when the reactor was feed for 3 days with a wastewater of 35 g/L following a rapid recovery of the reactor. 

The overload will be performed at the end of the first part of the protocol. Right now, the reactor is still recovering. 

These results are presented in the following figures:
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Figure 30. Organic loading rate applied.
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Figure 31. Biogas flowrate.
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Figure 32. CO2 concentration of the biogas.
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Figure 33. pH of the reactor.
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Figure 34. COD of the effluent

.
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Figure 35. Total volatile acidity of the effluent.

SAUZA Pilot Plant and full scale

Introduction

A 20m3 pilot plant has been developed by Sauza in the end of 2000 to process tequila vinasses. This pilot plant is monitored and supervised by Allied Domecq UK. 

The first step consisted in increasing the sampling frequency (1 set of off-line measure per day) and measuring additional variables (TSS, %CO2, etc) in order to improve the quality of the collected information. 

The first goal in this initial phase was to collect data and to assess the possibility of processing these agave vinasses in an anaerobic digester and to make the process reliable and stable. This has now been achieved through a number of tests, more orientated to develop the process that to know the limits of the equipment. 

Several tests were carried out and the reaction of the digester was studied, following the spirit of deliverable D1.1. The tests were focused on an increase of the organic loading rate either by an increase of the dilution rate or by an increase of the influent COD.

The obtained data were collected and sent to the TELEMAC data base. Additional comments and interpretations of  the digester behavior and relation to problems to guide the scientific modeling were provided.

Based on this positive experience Allied Domecq UK and Sauza have now built and are starting to operate a full size anaerobic digester (5000m3). This full size anaerobic digester receives a specific attention, and its monitoring adapted to TELEMAC’s requiremens. However, no experiment for TELEMAC is forecasted at this industrial scale.

Example of collected data follows; they give important information on the variability of the processes inside the digester. It must be remembered that there is a high variability of the vinasses along time. Various types of distilling equipments from pot still to columns are being used together or separately and it creates a large variability in the composition of the incoming spend wash (vinasses), variability which cannot be reduced by the buffer tank. 

The composition of the raw material before fermentation and distillation is very variable because of the possibility of the usage of a blend of 49% pure sugar or fructose  from corn (HFCS) and 51% agave sugar for certain categories versus 100% agave for others. The digester reaction to these several substrate were experimented.

In addition to this variability, the hydrolysis process adds the presence of soluble COD as hydrolysed lignin and cellulose which are extremely difficult to eliminate through traditional anaerobic digestion.

This explain why it was really difficult to achieve stable steady states as in can be the case for the pilot plants in the lab.

Matherials and Methods

Presentation of the pilot plant and of the experimental protocol

20m3 anaerobic pilot plant developed to process agave vinasses.

On-line measurements and automatically corrected

- tº

- pH of the digester

- time of circulation

- Biogas flow rate produced

Controls from local laboratory every day

- COD Total and soluble

- TSS 

- Total AGV

- TAlk

Controls by external laboratory

- BOD5 Total and soluble

- Cross validation of various measurements
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Figure 36. Sauza anaerobic pilot plant at Tequila distillery

Results

Effect of an overload obtained by a strong increase in the influent flow rate.

After the overload, the reactor was set in batch for 5 days.
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Ref 1 : Influent flow rate step, followed by an immediate temporary increase of vfa 

Ref 2 : Stop of the influent flow rate after the large increase of the VFA to avoid the 

definitive crash of the digestor

Ref 4: Progressive re-startup of the digester by increasing the dilution rate.

The next graphs represent the evolution of various measured variables.

[image: image62.emf]0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

0 10 20 30 40 50 60 70 80 90 100

time (d)

OLRtDig Kg/m3

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

vfaDig (g/L)

OLRtDig Kg/m3 vfaDig g/l


[image: image63.emf]7.05

7.10

7.15

7.20

7.25

7.30

7.35

7.40

7.45

0 10 20 30 40 50 60 70 80 90 100

time (d) 

phDig (upH)

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

vfaDig (g/L)

phDig upH vfaDig g/l


[image: image64.emf]0.00

20.00

40.00

60.00

80.00

100.00

120.00

0 10 20 30 40 50 60 70 80 90 100

time (d) 

tAlkDig (meqol)

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

vfaDig (g/L)

tAlkDig meq/l vfaDig g/l


Effect of the step in the dilution rate

Ref 5 rapid increase of OLR

Ref 6: effect on the VFA which increase.

Ref 7: Back to normal
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Effect of stopping the digester mixing by stopping the recirculation pumps

Ref 8: Stop of the mixing pump

Ref 9: Restart of the re-circulation
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Limited acidification due to increase of the OLR and change of the influent type

Ref 10 : Change of the influent type (and COD)

Ref 11:  Effect on the effluent COD

Ref 12:  Effect on TAlk and VFA

Ref 13: Back to normal
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Conclusions:

A large set of data have been obtained. However reaching inhibition without completely damaging the digesters turned out to be a very difficult task, and some partners crashes too strongly their digester. After the computer assisted definition of the protocol things seem to be much better.

It must be mentioned that the experiments carried out at ENEA are performed in parallel with software development and validation (WP5). Some bugs and failures in the software have lead to strong problems in the digester and have hampered the experimental results. A trade off between the need of WP5 and WP1 was then found.

Another point is currently under study: an analysis of the methods used to measure the COD. In some cases, it seems that VFA are not measured correctly by the methods. A calibration by all the partners have been done and the results are currently under study.

Most of the data mentioned in this deliverable have already been used in the framework of other Work packages (WP3 and WP5).
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