
Kelli O'Brien
Appendix B – One World Resource Management FNSB RFP 19047�

















 

Unit 1/25 Highbrook Drive, East Tamaki, Auckland. 
PO Box 204-252 Highbrook, Manukau Auckland, 2161. 

Telephone +64 9 271 1616, Fax +64 9 271 1615. 
 

http://www.spectrumlab.co.nz/ 
 

- 1 - 

 

 
 
 
Report Number:    0407. 

 
Total Pages:    13. 

 
Item Under Test (IUT):  
       

Model:     Oekotube.       
Type:     Electrostatic Particle Filter. 
Manufacturer:    Oekosolve, Schmelziweg, 28889 Plons, Switzerland. 
 
Client Details: 
  

Attention:    Nadeine Dommisse (Principal Strategy Advisor.)  
Company Name:    Environment Canterbury. 
Company Address:   17 Sir Gil Simpson Drive, Christchurch. 
Phone:     0800 324 636. 
 
  
 
 
 
-------------------------------   -------------------------------  
Checked by,    Tested by,  
Mr. P. Sparrow    Mrs. J. Patil.                       Issue Date 10/03/2016 
Signatory    Engineer 
 
 
Test Method Specification:  

      
The method used in included in this report as Appendix 1. 
 
Client Instructions:  

       
The client requested the testing of three batch-loaded solid fuel heaters in accordance to the method shown 
above; the results along with any observations were to be reported. 
 
The Oekotube test sample was supplied by the local Oekosolve agent Mr. Rene Haeberli from Envirosolve Ltd. 
 
The solid fuel log burners tested were sourced by Environment Canterbury.  
 
The samples were delivered by the relevant manufacturers. 

 
Compliance with the test method: 
 

There are no compliance requirements to meet for this test method, the reported results and observations were 
to be used by the client to establish the suitability of the Oekotube’s installation and use in the Canterbury region. 
 
This testing reports the emissions of the item under test but not the efficiency.  
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The Oeko Tube: 

 
The Oeko Tube is an electrostatic emissions filter installed within the grounded metal flue pipe system of a solid 
fuel burning heater. 
 
A high voltage potential is used to create an electric field that originates from the center of the flue through the 
use of a hanging conductive electrode.  
 
The electrodes high potential voltage supplies free electrons that negatively charge the combustion emission 
particles as they travel up the flue. 
 
The charged / ionized particles are attracted to the positive charge of the flue while at the same time being 
repelled by the hanging electrodes negative charge. 
 
In simplified terms the effect is similar to how magnets attract and repel each other depending on their relative 
polarity or how a static electrical charge on a plastic ruler rubbed against a woolen sweater can be used to lift 
small pieces of paper. 
 
The voltage used and thus the intensity of the field created is dictated by the flue pipe diameter and the flue gas 
velocity. 
 
The flue was installed as per the AS/NZS4012:2014 standard but without the water bath that decouples the 
weight of the flue from the scale, this ensured that it would not influence the results of the real world operation. 
Increased moisture in the flue may affect the electric field due to a higher conductivity. 
 
Mr. Rene Haeberli operated the Oeko Tube during the test, he was unable to influence the test results in any way 
other that the effect the Oeko tube was capable of on the days it was in operation. It could be seen that as it was 
monitored during the test and the field tuned that it was operating in a near ideal environment. 
 
 
 
 
 
 
 
 
The Oeko website states the following with respect to how the filter operates. 
 

Simple and Convincing. 

The OekoTube filter functions on the electrostatic principle. 

The operational principle of the OekoTube is schematically 

illustrated in the following pictures. 

01 The micro-dust particles are flowing with the used air 

through the air channel of the OekoTube filter 

02 The high voltage electrode is releasing electrons into the 

chimney space containing the micro-dust particles 

03 Due to the electrostatic force the electrons move towards 

the chimney wall. During this process the micro-dust will get 

electrostatic polarized and are also moving towards the 

chimney wall. 

04 The micro-dust particles are collected on the inside wall 

of the chimney and clog together into coarse flakes. This 

particulate matter will be removed by the chimney sweep at 

the annual chimney inspection. 
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Technical Notes / Observations: 

        
The heaters under test were representative of those in mass production and seen as typical heaters installed into 
the Christchurch air shed. 
 
The calorific room’s door was left open to ensure that the heaters were operated at atmospheric pressure during 
all runs. 
 
A counterweight of equal mass to the Oekotube was installed atop the flue pipe opposite to the location of the 
Oekotube to assist in alignment an prevent the flue from leaning to one side during the test runs; this is not 
expected to affect the reported results in any way.  
 
The calorific value and ash content are not known, the variation in fuel and bark means that the exact value 
cannot be known. This does not affect the testing conducted as the average of each pair of loads has been 
selected to be as close as possible. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Typical Test Fuel - Both days prepared at the same time. 

 
The following photos show the ash recovered daily after the testing was complete, each day started with a clean 
flue, the Oeko tube ash is shown on the right. The difference may be difficult to see in a photo but the amount 
recovered when the tube was active was considerably more. The block of wood provides some scale.  

 

 
Pioneer New Zealand – Model Wee Rad (31st / 1st) 

 

 
Glen Dimplex – Model R5000 (3rd / 4th) 

 

The following photos show the internal flue condition after the test runs. 
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Typical flue interior after testing without the Oeko Tube in operation during the test 

 

 
Typical flue interior after testing with the Oeko Tube energized during test 

 
Typical large particulates captured by sample train (During the Pioneer test on the 1

st
 of October), this caused 

inconsistent emissions results as they contaminate the filter and increase the calculated PM10 emissions. 
The photo below shows the portion of the re-entrained particulate that was trapped on the filter housing, this is 
also reference in the note on page 8. 
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Section 1: Descriptions  
 
Solid Wood Burner Description: 

 
The heaters supplied were as those sold to the public by the following suppliers. 
 
W. H. Harris Limited – Model Novo 
Metro Fires Limited – Model Wee Rad 
Glen Dimplex New Zealand Limited – Model R5000 
 
 
Heater Installation: 

 
The heaters were installed as per the method. 
 
A dilution tunnel and sampling train was used as specified in AS/NZS4013:2014. 
 
The Oekotube was installed and operated by Mr. Rene Haeberli under supervision of Spectrum Laboratory staff. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Section 2: Test Conditions and Fuel Loading 
 
Testing was carried out in accordance with the method shown in Appendix 1 as per the client’s instructions. 
 
W. H. Harris Limited – Woodsman – Model Novo  

Average Moisture Content:    15 %. 
Average Calorific Value:    20.1 MJ/kg. (Assumed, refer to technical notes) 
Average Ash content:    0.5 %. (Assumed, refer to technical notes) 
 
 

W. H. Harris Limited - Woodsman   

Day - 1 - Without Oeko Tube  

Moisture 15% 15% 15% 15% 15% 15% 15% 

Fuel Info K (kg) I1 (kg) I2 (kg) H1 (kg) H2 (kg) L1 (kg) L2 (kg) 

Wet Load 1.52 1.50 3.01 4.00 4.00 4.02 4.01 

Dry Load 1.28 1.27 2.54 3.38 3.38 3.40 3.39 

Total Wet 

  

6.02 

 

8.00 

 

8.03 

Total Dry 

  
5.09 

 
6.76 

 
6.79 

       

  

     
Total Dry Mass 18.64 kg 

     

 

 

  W. H. Harris Limited - Woodsman  

Day - 2 - With Oeko Tube  

Moisture 15% 15% 15% 15% 15% 15% 15% 

Fuel Info K (kg) I1 (kg) I2 (kg) H1 (kg) H2 (kg) L1 (kg) L2 (kg) 

Wet Load 1.50 1.50 3.00 4.00 4.01 4.01 4.01 

Dry Load 1.27 1.27 2.54 3.38 3.39 3.39 3.39 

Total Wet 

  
6.00 

 
8.01 

 
8.01 

Total Dry 

  
5.08 

 
6.78 

 
6.78 

         
    

Total Dry Mass 18.64 kg 
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Metro Fires Limited – Pioneer Metro – Model Wee Rad 

Average Moisture Content:    15 %. 
Average Calorific Value:    20.1 MJ/kg. (Assumed, refer to technical notes) 
Average Ash content:    0.5 %. (Assumed, refer to technical notes) 

 
Metro Fires Limited – Pioneer Metro 

Day - 1 - Without Oeko Tube 

Moisture 15% 15% 15% 15% 15% 15% 15% 

Fuel Info K (kg) I1 (kg) I2 (kg) H1 (kg) H2 (kg) L1 (kg) L2 (kg) 

Wet Load 1.01 1.23 2.52 3.03 3.03 3.03 3.02 

Dry Load 0.85 1.04 2.13 2.56 2.56 2.56 2.56 

Total Wet 

  
4.75 

 
6.06 

 
6.05 

Total Dry 

  

4.02 

 

5.12 

 

5.12 

        

     
Total Dry Mass 14.26 kg 

 
Metro Fires Limited – Pioneer Metro 

Day - 2 - With Oeko Tube 

Moisture 15% 15% 15% 15% 15% 15% 15% 

Fuel Info K (kg) I1 (kg) I2 (kg) H1 (kg) H2 (kg) L1 (kg) L2 (kg) 

Wet Load 1.01 1.23 2.53 3.05 3.03 3.02 3.02 

Dry Load 0.86 1.04 2.14 2.58 2.57 2.56 2.56 

Total Wet 

  

4.77 

 

6.08 

 

6.04 

Total Dry 

  

4.03 

 

5.14 

 

5.11 

        

     
Total Dry Mass 14.28 kg 

 

 

 

 

 
Glen Dimplex New Zealand Limited – Masport – Model R5000 

Average Moisture Content:    15 %. 
Average Calorific Value:    20.1 MJ/kg. (Assumed, refer to technical notes) 
Average Ash content:    0.5 %. (Assumed, refer to technical notes) 
 
 

Glen Dimplex NZ Limited - Masport 

Day - 1 - Without Oeko Tube  

Moisture 15% 15% 15% 15% 15% 15% 15% 

Fuel Info K (kg) I1 (kg) I2 (kg) H1 (kg) H2 (kg) L1 (kg) L2 (kg) 

Wet Load 1.50 1.50 3.00 4.01 4.00 4.00 3.99 

Dry Load 1.27 1.27 2.54 3.39 3.39 3.39 3.38 

Total Wet 

  

6.00 

 

8.01 

 

8.00 

Total Dry 

  

5.08 

 

6.78 

 

6.76 

        

    
  Total Dry Mass  18.62 kg 

 
Glen Dimplex NZ Limited - Masport 

Day - 2 - With Oeko Tube  

Moisture 15% 15% 15% 15% 15% 15% 15% 

Fuel Info K (kg) I1 (kg) I2 (kg) H1 (kg) H2 (kg) L1 (kg) L2 (kg) 

Wet Load 1.50 1.53 2.99 4.00 3.98 3.99 4.00 

Dry Load 1.27 1.29 2.53 3.38 3.37 3.37 3.38 

Total Wet 

  

6.02 

 

7.98 

 

7.99 

Total Dry 

  

5.09 

 

6.75 

 

6.76 

        

    
  Total Dry Mass 18.60 kg 
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Section 3: Raw Results 

 

CALORIMETER TEST DATA SHEET Start High 1 High 2 Low 1 Low 2 Overall 

Reference file 0407 

Test date 27/08/2015 

Start Time 9:51 

Heater model Harris Woodsman Novo – Without Oeko Tube 

Weight of Wood charge, kg 6.024 3.998 4 4.02 4.014 22.056 

Weight of Wood (Dry mass) kg 5.094798 3.3813085 3.383 3.399915 3.3948405 18.653862 

Filter ID - Primary S1A MH1A MH2A ML1A ML2A  - 

Filter ID - Secondary S1B MH1B MH2B ML1B ML2B  - 

Main filter Start, g 0.09032 0.09044 0.08937 0.08916 0.09076 0.45005 

Backup filter Start, g 0.08985 0.09011 0.08898 0.09038 0.08960 0.44892 

Main filter Stop, g 0.10030 0.09425 0.09676 0.09352 0.09673 0.48156 

Backup filter Stop, g 0.09008 0.09038 0.08930 0.09067 0.08974 0.45017 

Dry gas meter START, cu.m. 1533.95 1534.94 1535.85 1536.72 1538.03 1533.95 

Dry gas meter STOP, cu.m. 1534.94 1535.85 1536.72 1538.03 1539.46 1539.46 

Dilution tunnel temperature 33.49 35.73 35.88 27.59 25.38 30.62 

Dry Gas Meter  Average °C 16.39 19.79 21.21 22.02 20.03 20.00 

Total Cycle Time (mins) 130.44 120.49 114.08 173.31 202.90 741.23 

Average cycle Barometric Pressure, mB 1031.00 1032.00 1032.00 1032.00 1032.00 1031.82 

Dilution Tunnel volume, cu.m. 662.22 613.62 579.44 880.41 1042.00 3777.68 

Emission (g) 0.010 0.004 0.008 0.005 0.006 0.033 

Emission Factor (g/kg) 1.304 0.800 1.500 0.903 1.288 1.182 

Fuel consumption rate, kg/h 2.34 1.68 1.78 1.18 1.00 1.51 

Gas Meter Sample flow rate, L/min. 7.80 7.68 7.72 7.69 7.18 7.57 

 
 

CALORIMETER TEST DATA SHEET Start High 1 High 2 Low 1 Low 2 Overall 

Reference file 0407 

Test date 28/08/2015 

Start Time 10:28 

Heater model Harris Woodsman Novo – With Oeko Tube 

Weight of Wood charge, kg 6.004 4.002 4.01 4.008 4.006 22.03 

Weight of Wood (Dry mass) kg 5.077883 3.3846915 3.3914575 3.389766 3.3880745 18.6318725 

Filter ID - Primary S1A MH1A MH2A ML1A ML2A - 

Filter ID - Secondary S1B MH1B MH2B ML1B ML2B - 

Main filter Start, g 0.08967 0.08942 0.08962 0.08925 0.08903 0.44699 

Backup filter Start, g 0.08891 0.08896 0.08997 0.08915 0.08975 0.44674 

Main filter Stop, g 0.09433 0.09262 0.09082 0.09064 0.09077 0.45918 

Backup filter Stop, g 0.08866 0.08918 0.09022 0.08938 0.08997 0.44741 

Dry gas meter START, cu.m. 1539.47 1540.45 1541.10 1541.77 1543.13 1539.47 

Dry gas meter STOP, cu.m. 1540.45 1541.10 1541.77 1543.13 1544.60 1544.60 

Dilution tunnel temperature 31.59 34.83 36.71 25.55 23.73 28.88 

Dry Gas Meter  Average °C 16.41 18.44 19.24 19.63 19.29 18.69 

Total Cycle Time (mins) 138.30 87.27 89.55 178.72 194.20 688.04 

Average cycle Barometric Pressure, mB 1031.00 1029.00 1029.00 1029.00 1029.00 1029.40 

Dilution Tunnel volume, cu.m. 698.75 439.98 449.09 910.36 991.95 3490.14 

Emission (g) 0.004 0.003 0.001 0.002 0.002 0.013 

Emission Factor (g/kg) 0.600 0.672 0.280 0.315 0.382 0.459 

Fuel consumption rate, kg/h 2.20 2.33 2.27 1.14 1.05 1.62 

Gas Meter Sample flow rate, L/min. 7.31 7.58 7.65 7.73 7.74 7.62 

 
NOTE: The operator was required to burn 10% of the low setting fuel on the high setting to enable it to get 

started correctly on the low burn setting. This was done on both tests so the results are comparable. 
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CALORIMETER TEST DATA SHEET Start High 1 High 2 High 3 Low 1 Overall 

Reference file 0407 

Test date 31/08/2015 

Start Time 9:35 

Heater model Pioneer Metro Wee Rad – Without Oeko Tube 

Weight of Wood charge, kg 4.752 3.028 3.028 4.008 4.006 18.822 

Weight of Wood (Dry mass) kg 4.019 2.561 2.561 2.563 2.558 14.261 

Filter ID - Primary S1A MH1A MH2A ML1A ML2A - 

Filter ID - Secondary S1B MH1B MH2B ML1B ML2B - 

Main filter Start, g 0.08975 0.08964 0.08944 0.09074 0.08930 0.44887 

Backup filter Start, g 0.08838 0.08933 0.08915 0.08873 0.08972 0.44531 

Main filter Stop, g 0.09749 0.09110 0.09249 0.09325 0.10671 0.48104 

Backup filter Stop, g 0.08860 0.08949 0.09088 0.08934 0.09001 0.44832 

Dry gas meter START, cu.m. 1544.60 1545.30 1545.80 1546.39 1546.77 1544.60 

Dry gas meter STOP, cu.m. 1545.30 1545.80 1546.39 1546.77 1547.90 1547.90 

Dilution tunnel temperature 29.96 34.65 33.79 35.14 23.33 29.77 

Dry Gas Meter  Average °C 18.62 19.78 19.89 20.02 19.92 19.61 

Total Cycle Time (mins) 101.08 67.97 80.09 52.80 148.28 450.22 

Average cycle Barometric Pressure, mB 1014 1014 1014 1014 1014 1014 

Dilution Tunnel volume, cu.m. 511.86 345.69 405.76 264.26 758.38 2285.95 

Emission (g) 0.008 0.002 0.005 0.003 0.018 0.035 

Emission Factor (g/kg) 1.457 0.435 1.271 0.851 4.648 1.708 

Fuel consumption rate, kg/h 2.39 2.26 1.92 2.91 1.03 1.90 

Gas Meter Sample flow rate, L/min. 6.88 7.40 7.44 7.16 7.61 7.33 

 
 

CALORIMETER TEST DATA SHEET Start High 1 High 2 High 3 Low 1 Overall 

Reference file 0407 

Test date 1/09/2015 

Start Time 9:23 

Heater model Pioneer Metro Wee Rad – With Oeko Tube 

Weight of Wood charge, kg 4.769 3.048 3.034 3.022 3.022 16.895 

Weight of Wood (Dry mass) kg 4.033 2.578 2.566 2.556 2.556 14.289 

Filter ID - Primary S1A MH1A MH2A ML1A ML2A - 

Filter ID - Secondary S1B MH1B MH2B ML1B ML2B - 

Main filter Start, g 0.08995 0.08895 0.08927 0.08933 0.08875 0.44625 

Backup filter Start, g 0.08891 0.08961 0.08857 0.08884 0.09051 0.44644 

Main filter Stop, g 0.09531 0.08973 0.09775 0.10058 0.10256 0.48593 

Backup filter Stop, g 0.08921 0.08981 0.08880 0.08910 0.09090 0.44782 

Dry gas meter START, cu.m. 1547.90 1548.62 1549.17 1549.73 1550.19 1547.90 

Dry gas meter STOP, cu.m. 1548.62 1549.17 1549.73 1550.19 1551.65 1551.65 

Dilution tunnel temperature 30.87 34.80 35.20 46.00 47.65 40.44 

Dry Gas Meter  Average °C 18.55 20.46 20.78 22.03 24.07 21.71 

Total Cycle Time (mins) 100.84 64.86 73.28 61.09 190.60 490.67 

Average cycle Barometric Pressure, mB 1006 1006 1006 1006 1006 1006 

Dilution Tunnel volume, cu.m. 504.93 325.69 367.88 301.90 961.60 2462.00 

Emission (g) 0.006 0.001 0.009 0.012 0.014 0.041 

Emission Factor (g/kg) 0.992 0.223 2.280 3.004 3.734 1.912* 

Fuel consumption rate, kg/h 2.40 2.38 2.10 2.51 0.80 1.75 

Gas Meter Sample flow rate, L/min. 7.08 8.54 7.47 7.41 7.51 7.54 

 
*NOTE: During testing larger re-entrained particulate matter was observed on the primary filter carrier, this added 

additional weight to the filters and has likely increased the particulate results for this run. The result of 1.912 g/kg 
is expected to be a lot lower if the re-entrained matter had not been collected. 
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CALORIMETER TEST DATA SHEET Start High 1 High 2 Low 1 Low 2 Overall 

Reference file 0407 

Test date 3/09/2015 

Start Time 10:02 

Heater model Glen Dimplex Masport R5000 – Without Oeko Tube 

Weight of Wood charge, kg 6.004 4.010 4.004 4.004 3.992 22.014 

Weight of Wood (Dry mass) kg 5.078 3.391 3.386 3.386 3.376 18.618 

Filter ID - Primary S1A MH1A MH2A ML1A ML2A - 

Filter ID - Secondary S1B MH1B MH2B ML1B ML2B - 

Main filter Start, g 0.09149 0.08977 0.08959 0.09034 0.08950 0.45069 

Backup filter Start, g 0.08995 0.08980 0.08808 0.08981 0.09088 0.44852 

Main filter Stop, g 0.12128 0.09410 0.09207 0.09894 0.11160 0.51799 

Backup filter Stop, g 0.09012 0.09002 0.08822 0.09010 0.09124 0.44970 

Dry gas meter START, cu.m. 1551.647 1552.126 1552.556 1553.079 1554.278 1551.647 

Dry gas meter STOP, cu.m. 1552.126 1552.556 1553.079 1554.278 1555.53 1555.53 

Dilution tunnel temperature 31.57 37.76 36.53 23.06 22.06 27.41 

Dry Gas Meter  Average °C 15.93 17.04 17.29 17.46 17.43 17.15 

Total Cycle Time (mins) 81.43 58.07 70.01 159.24 165.82 534.57 

Average cycle Barometric Pressure, mB 1004 1004 1004 1005 1009 1006 

Dilution Tunnel volume, cu.m. 406.53 292.45 351.99 815.06 848.08 2714.12 

Emission (g) 0.030 0.005 0.003 0.009 0.022 0.068 

Emission Factor (g/kg) 4.983 0.912 0.521 1.784 4.485 2.565 

Fuel consumption rate, kg/h 3.74 3.50 2.90 1.28 1.22 2.09 

Gas Meter Sample flow rate, L/min. 5.91 7.41 7.47 7.53 7.59 7.28 

 
 

CALORIMETER TEST DATA SHEET Start High 1 High 2 Low 1 Low 2 Overall 

Reference file 0407 

Test date 4/09/2015 

Start Time 9:50 

Heater model Glen Dimplex Masport R5000 – With Oeko Tube 

Weight of Wood charge, kg 6.020 3.998 3.980 3.990 4.002 21.990 

Weight of Wood (Dry mass) kg 5.091 3.381 3.366 3.375 3.385 18.598 

Filter ID - Primary S1A MH1A MH2A ML1A ML2A - 

Filter ID - Secondary S1B MH1B MH2B ML1B ML2B - 

Main filter Start, g 0.08939 0.08952 0.08966 0.08840 0.08910 0.44607 

Backup filter Start, g 0.08878 0.08934 0.08804 0.08871 0.08938 0.44425 

Main filter Stop, g 0.09496 0.09018 0.09656 0.09140 0.09776 0.47086 

Backup filter Stop, g 0.08903 0.08946 0.08830 0.08901 0.08977 0.44557 

Dry gas meter START, cu.m. 1555.53 1556.167 1556.786 1557.399 1558.733 1555.53 

Dry gas meter STOP, cu.m. 1556.167 1556.786 1557.399 1558.733 1560.258 1560.258 

Dilution tunnel temperature 31.64 36.30 36.59 24.10 21.61 27.60 

Dry Gas Meter  Average °C 15.71 17.70 18.01 18.29 17.99 17.71 

Total Cycle Time (mins) 90.18 82.96 81.93 176.10 201.06 632.23 

Average cycle Barometric Pressure, mB 1011 1011 1011 1011 1011 1011 

Dilution Tunnel volume, cu.m. 451.69 415.28 411.72 900.39 1029.57 3208.64 

Emission (g) 0.006 0.001 0.007 0.003 0.009 0.026 

Emission Factor (g/kg) 0.800 0.154 1.422 0.658 1.797 0.947 

Fuel consumption rate, kg/h 3.39 2.45 2.47 1.15 1.01 1.76 

Gas Meter Sample flow rate, L/min. 7.15 7.50 7.52 7.60 7.62 7.52 

 
NOTE: Nil 

 
 
 
 
 



 

 

- 10 - 

 

 
Emissions shown as a reduction or increase per stage: 
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Section 4: Conclusion 
Operation: 

The Oeko Tube functions as Mr. Rene Haeberli had indicated previously. The creation of larger clumped 
particulates was generated from the smaller PM10 (along with other PM sizes), these particulates in an 
environment with no breeze present generally settled within approximately two meters of the flue outlet when 
tested in our laboratory. 
 

   
Large particulates settling during testing near the flue 

 
Re-entrained particulates: 

The particulates shown below were the largest captured during the various tests with the Oeko Tube active, as 
there was no breeze these were found not far from the flue stack. These examples were exceptions to the rule as 
most particulates were visible but considerably smaller as seen in the photos above. 
 

 
 
Results explained: 

Emission Factor (g/kg) -  Control 1.182 1.708 2.565 

Emission Factor (g/kg) - Tube Active 0.459 1.912 0.947 

Change - 61.17%  + 11.94% - 63.08%  

 
On the surface the numbers above show that the reduction of PM10 emissions on two of the heaters was 
approximately 60%, the second heater shows an increase for the reasons explained in the note shown on p8.  
 
With a sample size so small it is unwise to assume a general reduction of 60% could be applied across all solid 
fuel burning heaters but it appears based on the observations made on test that by simple virtue of the 
particulates settling on the ground that the use of an Oeko Tube would reduced the contribution to the air sheds 
PM10 smog, it is expected that the PM2.5 (along with all other particulate sizes) would also be reduced but testing 
would be needed to prove this. 
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Additional  Considerations: 

 
This technology and approach to the removal of PM10 particulates from the air shed does raise several points 
that may need to be considered. The following may be considered detrimental and need to be weighed against 
the potential benefits. These are not covered as part of the testing 
 
It should be noted that the method in which the Oeko Tube works requires the electric field to be strong enough 
to force the particles to attach to the flue pipe but not so strong as to arc from the electrode to the flue pipe if the 
carbon content (level of smoke) increases (this collapses the field so it stops working). This may require a 
qualified installer. 
 
After the initial setup it may be advisable for the installer to return to the site after a set period to check for error 
codes recoding arcing and shut down conditions. 
 
Based on these initial observations it would appear that the type of fuel used be it the species, moisture or 
chemical makeup we would expect the Oeko tube to be unaffected as all carbon emissions are captured in the 
same manner. Only the volume of smoke appears to affect the Oeko tubes operation. 
 
The effect the re-entrained matter may have if collected in a tank water system (drinking). 
Re-entrained matter may settle on neighboring dwellings outdoor furniture, vehicles or washing etc... 
The above are are only expected during specific environmental conditions, on a perfectly still night it is expected 
that the low temperature will force the particulates to settle quickly. During a storm or rain the effect would be 
unseen.  
 
Untrained sweeps  
 
Subsequent owners understanding of the units operation 
 
In the event of a power failure the Oeko tube will not affect the normal operation of the solid fuel burner but the 
emissions would increase. 
 
If the solid fuel burner at the dwelling is changed that would require the Oeko tube to be removed unless retuned 
for the new installation. 
 
Ongoing maintenance 
 
Notification to the operator if the system is not working 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

- 13 - 

 

Appendix 1 – TEST METHOD APPLIED 

 
Overview: 

Testing was conducted to quantify any change in emissions through the use of the OekoTube when installed on 
existing approved low emissions heaters of different designs.  
The testing was conducted on a small range of different heaters to establish an expected ‘average reduction’ in 
emissions and the specifics as to when the greatest reduction occurred. 
The Canterbury Method (CM1.5) was used for guidance with some modification with respect to a fuel load. 
All fuel was of the same composition and loaded in the same manner on both days. 
Wetbacks were not considered for testing to reduce variables and complexity. 
 
References: 

AS/NZS4012:2014 - Modified 
AS/NZS4013:2014 - Modified 
The Canterbury Method CM1.5 – Modified 
 

Assumptions: 

The moisture content used on test was as per the CM1.5 method, care was taken to ensure that the fuel loads 
used on each test pair (with and without OekoTube active) are the same. 
 
Test Method: 

The test was conducted as per CM1.5 as far as practical with respect to fuel loading and reported data  
 
Intended Deviations from CM1.5: 

The efficiency was not calculated as it was not within the intended scope of testing. 
The final HW and PS loads were not used as the main fuel loads established the ongoing emissions per load. 
Emissions data was gathered for every main batch loaded to more accurately report the output during the test 
over time when compared to CM 1.5. 
 
Test fuel: 

The fuel was calculated as per CM 1.5 and was created for each pair of test days at the same time to the same 
effective load was used for both days to minimize any error. 
 
Test Procedure: 

The test procedure was a modified CM1.5 test.   
Test phases were conducted in sequence and emissions data gathered for the startup (K, I1, I2) and each main 
phase separately. 
Each heaters test required two days of testing. 
During these tests the OekoTube was inactivated on the first day, but active on the second day. 
The fuel length and weight used were as per CM1.5. 
 
The test sequence was as follows. 
Start-up phase - Kindling + Intermediate 1 + Intermediate 2  (filter swap at end - Start-up) 
 
Hot phase - Main Load - High setting    (filter swap at end- High) 
Hot phase - Main Load - High setting   (filter swap at end- High) 
 
Hot phase - Main Load - Low setting    (filter swap at end- Low) 
Hot phase - Main Load - Low setting    (filter swap at end- Low) 
 

End of Report 0407 
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OekoTube Inside Testing Protocol 

 

Wood stove type Englander NC-13 (60,000 BTU) 

Filter   OekoTube Inside 6” 

Location Washington National Mall, 2018 Wood Stove Design Challenge 

Washington, D.C.  

Date   Friday, November 9, 2018 

Tester   Norbert Senf 

   Chair of Technical Committee  

   Masonry Heater Association of North America  

 

  

OekoTube Inside (OTi) 
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1 Summary 

   

The OekoTube inside is an electrostatic precipitator (ESP) which is designed to 

remove fine particulates from wood burners. The device used in this experiment 

with a 6” flue and an 800mm (31.5”) electrode was tested with a Condar portable 

dilution tunnel to determine the effectiveness of its particulate reduction capacity 

for wood smoke. 

Gravimetric tests were performed in one test, sampling 4 times at 6 minutes each 

with the ESP on and 4 times at 6 minutes with the ESP off.  The test indicated a 

removal of 0.3233g or 55.6% of total particulates (PM) from a sample of 275 liters of 

raw flue gas, diluted 10:1 with ambient air.   The removal efficiency of total PM-2.5 

was not recorded separately. The test also indicated the removal of a substantial 

fraction of organic carbon (OC) relative to elemental carbon (EC).  (Pic. 4) 

 

2 Experimental Set-up 

- Wood stove rating: 17 kW (60,000 BTU) 

- Actual energy output during testing: N/A 

- Year of manufacture: N/A 

- Fuel type: cord wood 

- Specification of filter: 

   Whatman grade 691, glass fiber, 1.5 um. 

   OTi- 180 

  D: 180 mm 

   L electrode 800 mm 

- wood stove ignition: manual 

 

 

2.1 Measuring Points 

  flue diameter to OekoTube filter: 7” (180 mm) 

  measuring point for unfiltered flue gas: 8 ft. (240 cm) above floor 

  measuring point for filtered flue gas: 8 ft. (240 cm) above floor 

 

 

3 Measuring Devices 

 

3.1 Gravimetric PM Measurement 

The gravimetric measurements were performed by using two Condar portable 

dilution tunnels. The measuring device draws flue gas to be tested at the rate of 

0.2 raw liters per second and dilutes them with ambient air at a 10:1 ratio before 

depositing them on dual glass fiber filters (primary filter plus backup). 
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A second probe at the same height sampled the flue gases with a Testo 330-2 gas 

analyzer which gives flue gas temperature, O2 and CO concentration. This 

normally allows calculation of a PM emissions factor in grams of PM per kg of dry 

fuel burned. There was a malfunction with the Testo system, and insufficient flue 

gas data was obtained. Therefore, the results are reported as the filter catch of 

particulates. The PM weights can be compared directly, due to the methodology 

of alternating samplers at short intervals. 

 

 

 
 

Pic. 1: Condar dilution tunnel 

 

 
 

Pic. 2 Schematic illustration of the Condar 

 

4 Measuring Procedure 

The testing was performed at the same height above the woodstove at opposing 

sides of the flue. To ensure equal testing conditions, the Condar filters were 

alternatively switched on with or without the OekoTube filter.   
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4.1 Gravimetric Measurement 

 

 Condar 

 Simultaneous particulate (PM), oxygen (O2), carbon monoxide (CO) and 

stack temperature measurements 

 No cleaning of the OekoTube Inside during the testing procedure 

 Measuring intervals: alternating 4 times ESP on for 6 min and 4 times ESP 

off for 6 min, respectively. 

 

 
 

Pic.3 Testing of the Englander NC-13 using 2 Codars 
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5 Results 

 

The two filters were weighed before and after the tests.  The difference in weight for 

each filter was recorded which reflected the total weight of the particulate 

emissions captured.  

 

  OekoTube ESP  net weight: 

Filter 1  OFF   0.5814g 

Filter 2  ON     0.2581 g 

 

Difference in weight   0.3233g 

% PM removal    55.6% 

 

 

 
 

Pic. 4  Gravimetric measurements: left without OekoTube inside (0.5814 g), right 

with OekoTube inside. (0.2581 g) 
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1. Introduction 

The following research has been conducted to study and observe the efficiency of the New Generation of 
Precipitators for small wood-fired appliances in long time trials.  The project should answer the following 
questions: 
 

1. How does the ESP perform new and after operating over a period of time in a particle containing 
flow (without cleaning)? 

2. How does the ESP perform (efficiency of the electrode) during a long term period of operation? 
 
 

2. Methods 

2.1. ESP 

Using the following electrostatic precipitator (ESP): Type ‘Oeko-Tube’ 2 (producer OekoSolve, Switzerland):  
length of electrode 1.55m; Max voltage of 27 kV; Max capacity of 16 W; Software version 2000. 

2.2. Measuring system 

The same design and measurement setup has been used of all three field trial installations. 
 

 
 

Figure 1:  Measurement setup and sampling position of instruments. 

 
The following measuring instruments have been used: 

1. DiSC (Diffusion Size Classifier) measures particles between 3 – 300 nm (smallest micro dust). 
2. OPC (Optical Particle Counter) - measures particles between 0.3 – 30 µm (measures 15 different 

particle sizes within this range). 
3. Gravimetric filter method with two ‘Woehler’ measuring instruments (before and after ESP and with 

the sampling opening opposing and in line with the exhaustion flow). 
4. Gas analyzer O2, CO2, CO, CXHY as CH4 (OGC) online before and after ESP. 
5. Various process data (power, voltage, capacity and temperature at the end of the chimney. Temper-

ature sensor is the standard sensor on an ‘Oeko-Tube’. 
6. Dust amount taken from the chimney sweeper. 
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2.3. Test fires 

Three different fire systems (appliances) have been tested: 
1. Log boiler, 40 kW, stocking by hand, combustion controlled, combustion period 6 h. Tfluegas = 212 °C  
2. Log fire 9 kW (most overloaded up to 15 kW),   Tfluegas = 320 °C  
3. Pellet stove 6 kW.  Tfluegas = 90 °C 

 

     
 
Figure 2  Pictures of tested appliances. From left to right: log boiler, log fire and pellet stove with modified stor-

age tank. 

 

  

3. Results 

3.1. Phenomenon ‘Re-entrainment’ 

The collected dust at the flue wall increases in size to form large flakes. These growing dust flakes either fall 
down to the fire box due to gravity or they are carried away through the flue opening into the atmosphere due 
to the exhaust draft. This effect is a natural cleaning process of the ESP electrode and, therefore, the precipi-
tator does not have to be cleaned more than the annual chimney cleaning without losing its efficiency. 

3.2. Comparison of the measurement principles 

The precipitated efficiency for different measuring methods at the beginning and at the end of the measuring 
periods in appliance 1 was compared. In absence of re-entrainment the different measuring methods leads 
to comparable results. 

 

Efficiency (without re-entrainment) Start End 

Dust volume from chimney sweeper at field trial  
(without re-entrainment) 

79 %  81%   

Gravimetric measurement Woehler (p
0
 – p

1
) 77 % 76% 

DiSC-measurement  (ESP on/off) 72 % 84% 

OPC (partly not measureable) (0 %) 55% / 62% 

Expected accordingly to Deutsch-Anderson-Formula 73 % 76 % 
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3.3. Chimney Sweeper 

The amount of dust collected by the chimney sweeper corresponds to the expected quantity, except at appli-
ance two, which showed the phenomenon of re-entrainment. 
 

Appliance 
logwood 
stocked 

expected  
efficiency 

Collected  
dust 

in 
mg/m

3
 

resulting 
efficiency 

Log Boiler 
2‘200 kg 73% 673 g 30.6 79% 

2‘800 kg 76% 889 g 31.8 81% 

Log Fire 
1‘800 kg 90% 103 g 5.7 8% 

1‘080 kg 90% 126 g 11.6 16% 

Pellet Stove 1‘400 kg 99% 846 g 60.6 100% 

 

3.4. Chimney deposit 

The observed deposit of dust in in the chimney corresponds to the collected dust. 
 

   
 
Figure 3  View to the different chimneys. From left to right: log boiler, log fire and pellet stove. 

 

3.5. Gravimetric dust measurements 

Measurements have been taken in upstream and downstream of the ESP, as well as measurements down-
stream of the ESP with ESP off and ESP on. There are 5 – 6 measuring points per day shown in the graph. 
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3.6. DiSC (Diffusion Size Classifier) Measurements 

 
 

3.7. OPC (Optical Particle Counter) Measurements 
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3.8. Overview 

The composition of the various measurement methods over the entire measurement period in appliance 3 
shows no significant loss of efficiency. 

 
Figure 4:  Composition of measurements in appliance 3. 

 
 

 
Figure 5  Average precipitation efficiency with standard deviation. 

 
With the exception of DiSC-measurement, all other measurement methods indicate a high statistical error, 
due to the influence of re-entrainment. Re-entrainment phenomenon also reduces precipitation efficiency.  
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4. Conclusion  

1. The long-term performance of the ESP (Electrostatic Precipitator) is very satisfactory. The dirtiness of 
the electrode does not affect the precipitation efficiency. The efficiency of the electrode is very consistent 
due to its self-cleaning effect ”re-entrainment”. 

2. ESPs convert nano- and micro-dust to coarse dust. 
3. There is no need for automatic cleaning of ESPs with small capacities. 
4. The phenomenon of re-entrainment has been found in all fires tested. The ‘re-entrainment’ is especially 

noticeable in fires with dust  that contain high levels of soot particles. 
5. The re-entrainment in chimneys commences relative quickly and depends on the conductivity of the par-

ticles. 
6. The re-entrainment dust will go either downwards into the fire box or upwards into the air with the up-

wards flue draft. The dust will settle in the near vicinity of the chimney depending on the size and weight 
of the particles. 

7. Ageing of the electrode due to coating by particles starts occurring within 10-30 hours and can be de-
tected by a decrease in the corona current. This can be compensated with a higher voltage. 

8. The re-entrainment helps to clean of the electrode. Therefore, the ESPs work with a very high efficiency 
over long period of time. 

9. The various measuring systems show the same precipitation efficiency under ideal conditions. 
10. The precipitation efficiency measured with the gravimetric method is considerably influenced by re-

entrainment. 
11. The testing conditions must be defined and identical if various precipitator systems are being compared. 
12. The DiSC-measuring method show the most consistent and reproducible results and these are inde-

pendent of the re-entrainment. 
  

 
 
 
 


