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Evaluation of the Performance of BP Environmental Bio-digester

 Background

An aerobic digester was designed and developed by bp Environmental Inc. to process hog manure. The digester operates as a batch system with a capacity for about 1700L of manure. Air is introduced into the raw manure for 48 h to ensure the saturation of oxygen and to promote the separation of solids.

Bp Environmental Inc. has conducted a number of preliminary tests on the aerobic digester. Results of these tests suggest that the digestive process reduces odours in the separated liquid and solid fractions of the treated manure. It also appears that the process reduces the biological oxygen demand (BOD) in the liquid fraction of the treated manure. Performance of the digester appears to be influenced by the temperature of the inlet air. 

BP Environmental Bio-digester was tested to evaluate the effect of the bio-digestive process on changes in odour concentration and levels of nutrition in the end-products, i.e., the separated liquid and solid fractions of the manure.  The evaluation took place in July of 2001 at the Edmonton Research Station, University of Alberta.  

Objectives

The objectives of this project are to:

· conduct a scientific evaluation of the digester's ability to reduce odours and decrease the BOD in the separated liquid manure.

· determine the effect of the digestive process on the physical and chemical properties of the treated manure fractions.

· evaluate the effect of the process on the emission of greenhouse gases, specifically carbon dioxide and nirogen contining gases

Procedure

This study was conducted in 4 replicates at the Odour laboratory, Edmonton Research Station, University of Alberta, Edmonton. Manure for the study was obtained from a grower/finisher barn at the Swine Centre at the Research Station.

Initially, the digester was seeded with fresh manure and operated for 24 h to attract a suitable microbial populations. Following this preliminary process, the digester was filled with manure. Samples of the untreated manure were collected and shipped to a laboratory (Alpha Laboratory Services Ltd., Edmonton, Alberta) , ies for chemical, BOD and TON analysis. Details of the chemical analysis are presented in the following section.

A sample of the untreated manure was also be collected and used to obtain odour samples. The odour samples were shipped to the U of A olfactometer laboratory for odour analysis by olfactometry.

The digester was run 48 h following which samples of the liquid and solid fractions of the treated manure were collected and shipped to the laboratory for chemical analysis. In addition, moisture content of the solid fraction of the manure and BOD and TON of the liquid fraction were determined .

A sample of the treated solid and liquid fractions also was collected and used to obtain odour samples. The odour samples were  analyzed by the U of A olfactometer as odour units (odour units/m3) shipped to the laboratory for odour analysis by olfactometry.

Carbon dioxide and ammonia concentrations in the inlet and exhaust air and, energy consumption were monitored and recorded while the digester operated.

Sample Procedures

a. Odour
An equal quantity (by mass) of the untreated manure and, the separated solid and

liquid fractions of the treated manure was put in 20 L containers. Three 


odourous air samples were collected from an equal headspace above the 


different types of manure in each container. Odour concentration and hedonic

 tone of each odour sample was measured in duplicate using the                    olfactometer at the University of Alberta.


Odour analysis was also conducted using the Threshold Odour Number


(TON) method. Measurements were made using duplicate samples of the 
 
untreated and treated (liquid and solid fractions) manure.

b.Chemical properties
Samples were taken from the untreated manure and, the separated




solid and liquid fractions of the treated manure were analyzed for:

Nutrients: Total Kjeldahl Nitrogen (TKN); Nitrates; Nitrites; Total Nitrogen; 





Ammonia; Dissolved Phosphorus and; Total Phosphorous.

Trace metals: Pottasium; Calcium and; Phosphorus (total - dissolved).

Solids: Total Suspended Solids; Total Dissolved Solids; Total Volatile Suspended 




Solids and; Total Solids.

Other: pH; BOD (untreated manure and liquid fraction of treated manure only)





and; moisture content (solid fraction of treated manure only).
c.
Greenhouse gases
Concentrations of carbondioxide (CO2) and ammonia (NH3) in the







inlet and exhaust air was monitored and recorded periodically







during each replicate.

e.      Airflow Rate

The flow rate of the air used to aerate the process was measured at

the start of  each replicate and after 24 and 48 h. AMCA and    ASHRAE (1974) airflow measurement standards were applied.

f.
Energy consumption
Energy use over each 48 hr processing period shall be monitored

                                                and recorded.


Methodology

Tests on the bio-digester were conducted in four replicates. In each replicate, the bio-digester’s tank was filled with 2200 L of raw manure. About 10 kg of the manure was collected in a sealed 20 L container for odour sampling and measurement. The container had an inlet and outlet port to facilitate air movement through the vented headspace.

During odour sampling, the headspace in the container was flushed with air flowing at a rate of 2.5 L.min-1 for 30 mins. After 30 mins, samples of the odourous air exhausted from the headspace were collected in 10 L Tedlar bags.

Samples of the raw manure were also collected for laboratory analysis. Laboratory analysis of the manure was conducted to measure nitrites, nitrates, total Kjeldahl nitrogen (TKN), ammonia, biochemical oxygen demand (BOD), threshold odour number (TON), dissolved oxygen, total solids, total dissolved solids, total suspended solids, total volatile suspended solids, total phosphorus, dissolved phosphorus and pH.

The airflow rate through the digester was monitored and recorded periodically over  a 44 h period. If excess foam was produced after about 24 h, the airflow rate through the digester was decreased. Voltage drop across an electric motor and current drawn by the motor while operating a blower were also monitored. In addition, levels of carbon-dioxide and ammonia released in the exhaust air were measured using gas detection tubes (Matheson-Kitagawa, Model 8014-400A, Matheson Tri-Gas, Parsippany, NJ).

After 44 h, 10 kg of a liquid and a solid sample were collected in 20 L containers. Odour sampling and measurement were conducted on the air exhausted from the headspace of the containers. Samples of the separated liquid and solid contents of the manure were also collected for nutrient and chemical analysis in the laboratory.

In the 3rd and 4th replicates, a portion of the exhaust air from the digester was channeled through a scrubber to trap ammonia escaping in the air. The scrubber comprised of a dilute solution of sulphuric acid.

Results

1.
Odour Emission Rate and Odour Concentration

The mean odour emission rate from the raw and, separated liquid and solid manure are presented 

in Table 1. Table 1 indicates that the odour emission rates from the liquid and solid manure were 

85% and 86% less than the rate from the raw manure.

Table 1.
Odour emission rates and hedonic tones of unseparated and separated manure stored in 20 L containers.

	Batch
	Raw manure
	Liquid manure
	Solid manure

	
	OER*

(ou/min)
	Hedonic Tone

(rank)
	OER*

(ou/min)
	Hedonic Tone

(rank)
	OER*

(ou/min)
	Hedonic Tone

(rank)

	1

2

3

4


	0.9

1.8

1.2

12.8
	-3.3

-2.8

-3.8

-2.5
	0.2

0.5

1.2

0.6
	-2.7

-2.8

-3.0

-2.5
	0.1

0.5

1.1

0.6
	-2.7

-3.0

-2.7

-2.4

	Mean
	4.2
	-3.1
	0.6
	-2.8
	0.6
	-2.7


· OER is the odour emission rate from the enclosed 20 L containers.

Table 2.
Odour concentration of unseparated and separated


manure analyzed using the TON method.

	
	Threshold Odour Number (TON)

	Batch
	Raw manure
	Liquid manure

	1

2

3

4


	80000

80000

40000

40000
	400

2000

5000

2000

	Mean
	60000
	2350


The results obtained from the TON analysis of the raw and liquid manure samples also showed that the odour concentration of the liquid manure was 96% less than that of the raw manure (Table 2).

2. Nutrient Content – TKN and ammonia

Levels of total Kjeldahl nitrogen and ammonia present in the raw, liquid and solid manure are presented in Table 3.

The results indicate that ammonia forms about 89% and 88% of the TKN in the raw and liquid manure, respectively. In the solids, ammonia forms only about 6% of the TKN. This signifies that the percentage of organic nitrogen retained in the solid manure was high.

Table 3.
TKN and ammonia levels in unseparated and separated manure.

	
	TKN

(mg/kg N)
	Ammonia

(mg/kg N)

	Batch
	Raw manure
	Liquid manure
	Solid manure
	Raw manure
	Liquid manure
	Solid manure

	1

2

3

4


	1780

1670

2620

1960
	1350

1370

2020

1640
	22000

20000

12800

18600
	1310

1530

2400

1900
	950

1250

1850

1550
	1450

1740

780

860



	Mean
	2008
	1595
	18350
	1785
	1400
	1208


3. Nutrient Content – nitrites and nitrates

Levels of nitrites and nitrates in the raw, liquid and solid manure are presented in Table 4. These levels are low compared to the levels of ammonia presented in Table 3.

Table 4.
Nitrite and nitrate levels in unseparated and separated manure.

	
	Nitrites

(mg/kg N)
	Nitrates

(mg/kg N)

	Batch


	Raw manure
	Liquid manure


	Solid manure
	Raw manure
	Liquid manure


	Solid manure

	1

2

3

4


	1.40

0.41

1.10

0.66
	<0.10

<0.10

<0.10

0.23
	1.70

1.30

2.60

2.00
	0.85

<0.10

0.22

0.76
	<0.10

<0.10

<0.10

<0.10
	3.30

1.40

2.40

<0.10

	Mean
	0.89
	<0.13
	1.90
	<0.48
	<0.10
	<1.80


4. Nutrient Content – phosphates

Levels of phosphates in the raw, liquid and solid manure are presented in Table 5. The total phosphorus retained in the solid manure was about 97% greater than that found in either the raw or liquid manure.

Table 5.
Phosphate levels in unseparated and separated manure.

	
	Total Phosphorus

(mg/kg P)
	Dissolved Phosphorus

(mg/kg P)

	Batch
	Raw manure
	Liquid manure
	Solid manure
	Raw manure
	Liquid manure
	Solid manure

	1

2

3

4


	530

510

650

650
	320

360

580

610
	25600

22800

17100

18300
	64

71

110

93
	10

20

42

35
	-

-

-

-



	Mean
	585
	468
	20950
	85
	27
	-


5. Solid Content - total

The amount of total solids in the raw, liquid and solid manure are presented in Table 6. The total solids constitute about 2%, 1.6% and 14% of the raw, liquid and solid manure, respectively.

Table 6.
Total solids in unseparated and separated manure.

	
	Total Solids

(g/kg)

	Batch
	Raw manure
	Liquid manure
	Solid manure

	1

2

3

4


	17.1

17.8

26.0

19.3
	12.3

10.9

21.6

18.3


	141.0

117.0

159.0

124.0

	Mean
	20.1
	15.8
	140.0


6. Solid Content – total dissolved, total suspended and total volatile suspended

The amount of total dissolved solids, suspended solids and volatile suspended solids only in the raw and liquid manure are presented in Table 7. The total dissolved solids in the liquid manure was about 89% of that in the raw manure. However, the results from the 1st, 2nd and 4th batch of tests show similarities in dissolved solids in the liquid and raw manure. 

A comparison of total suspended solids and volatile suspended solids in the raw and liquid manure showed about 24% and 23% less solids, respectively, in the latter. However, the ability of the bio-digester to remove the suspended solids from the raw manure varied between the 4 tests.

Table 7.
Total dissolved solids, total suspended solids and total volatile suspended solids in unseparated and separated manure.

	Batch


	Total Dissolved Solids

(g/kg)
	Total Suspended Solids

(g/kg)
	Total Volatile Suspended Solids

(g/kg)

	
	Raw manure
	Liquid manure
	Raw manure
	Liquid manure
	Raw manure
	Liquid manure

	1

2

3

4


	3.1

3.8

6.0

5.3
	2.9

3.7

4.6

5.3
	14.0

14.0

20.0

14.0
	9.4

7.2

17.0

13.0
	11.0

11.0

14.0

10.0


	7.2

5.5

13.0

10.0

	Mean
	4.6
	4.1
	15.5
	11.7
	11.5
	8.9


7. pH

The pH of the raw and treated liquid manure are presented in Table 8. The mean level of pH in the treated liquid manure was 8.5. This may be attributed to high levels of ammonia present in the manure. It appears there was insufficient oxygen to oxidize the ammonia to nitrate as evidenced by the negligible amount of nitrate present. However, the amount of carbon dioxide generated by the process seemed significant which suggests that only the available carbon was metabolized but not the ammonia.

Table 8.
pH in unseparated and separated manure.

	
	PH

	Batch
	Raw manure
	Liquid manure

	1

2

3

4


	7.7

7.2

7.4

7.2
	8.4

8.5

8.5

8.5

	Mean
	7.4
	8.5


8. Airflow Rate and Energy Consumption

The mean values of airflow rate through the bio-digester and power consumption of the electric motor are presented in Table 9.

Table 9.
Airflow rate and power consumption monitored over the 44-h bio-digestive period. 

	Batch
	Airflow Rate

(L/s per 1000 L of treated manure)
	Power Consumption

(kW per 1000 L of treated manure)

	1

2

3

4


	12.8

5.9

6.4

4.7


	-

0.46

0.43

0.40



	Mean
	7.5
	0.43


9. Internal and External Temperatures

The temperature of the ambient air entering the bio-digester and temperature within the digestion chamber are presented in Table 10. 

The mean temperature within the bio-digester was 21.6 oC suggesting that optimum conditions for ammonia-oxidizing bacteria to thrive were not achieved.

Table 10.
Mean ambient air temperature and temperature inside bio-digester monitored during the 44-h bio-digestion process. 

	
	Temperature

(oC)

	Batch
	Ambient
	Bio-digester

	1

2

3

4


	-

-

16.2

15.7
	-

-

22.7

20.4

	Mean
	16.0
	21.6


10. Carbon-dioxide and Ammonia

Levels of carbon-dioxide and ammonia in the exhaust air before and after the air passed through a scrubber are presented in Table 11.

The high level of carbon-dioxide and ammonia in the exhaust air indicates that the oxygen in the inlet air may have sufficed only for the oxidation of carbon compounds but not ammonia.

Secondly, the scrubber appeared to effectively trap 73% of the ammonia escaping from the bio-digester in the exhaust air.

Table 11.
Mean carbon-dioxide and ammonia levels in the exhaust air monitored during the 44-h bio-digestion process. 

	
	Carbon-dioxide

(ppm)
	Ammonia

(ppm)

	Batch
	Before Scrubber
	After Scrubber
	Before Scrubber
	After Scrubber

	1

2

3

4


	-

3747

3743

4126
	-

-

3885

-
	29

87

183

103
	-

-

22

-

	Mean
	3872
	3885
	101
	22


Recommendations

Further work is required to:

1. Determine an appropriate airflow rate and size of blower and electric motor.

2. Determine a cost-effective method of controlling ammonia emissions or trapping  ammonia released in the exhaust air.

3.
Measure oxygen consumption during the digestive process.
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