
 

 
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Testing of the OekoTube Electrostatic Precipitator on Coal Emissions 
 
 
 
 
 
 
 
 
 
 
 
 
 

Customer: West Coast Regional Council 

  PO Box 66 

  Greymouth 7840 
 
 
 
 
 
 
 
 
Report 14/2660 January 2014 

 
 

P.O. Box 687, Nelson, P.O. Box 687, Nelson, P.O. Box 687, Nelson, P.O. Box 687, Nelson,  

New Zealand 

 

Phone (03) 547 7347 

Fax (03) 547 2909 

Email: info@appliedresearch.co.nz 
Web: www.appliedresearch.co.nz 

 
 



 

 

 
 
 
 
 
 
 

Report 14/2660 January 16
 th
, 2014 Page 1/19 

 

 

Customer: West Coast Regional Council P1982/3 

 PO Box 66  

 GREYMOUTH 7840  

   

Attention:  Lillie Sadler  
 

 

Testing of the OekoTube Electrostatic Precipitator on Coal Emissions 
 

1.0 Introduction 
 
Flue gas emissions of a sample of the appliance described below were tested using the procedures 
in Appendix 1. An OekoTube electrostatic precipitator (ESP) was installed in the flue and emissions 
were measured before and after the device. The ESP is designed to place a charge on particles in 
the flue gases which causes them to be attracted to the flue and deposited there as a coarse dust. 
The dust either falls into the fire or is removed when the flue is swept. Testing was carried out by 
George Looman and Pete Wilkie at our Beatty Street Laboratory in January 2014. Dr Rene Haeberli 
from Envirosolve Ltd, Mr Jim Foster from The Reefton Airshed Committee, Mr Mike Meehan from 
West Coast Regional Council, Mr Terry Archer from West Coast Regional Council, and Mr Rob 
Whitney from the Coal Association were present for some or all of the testing. 
 

Appliance Freestanding Multifuel Heater OekoTube  

Manufacturer  OekoSolve 

Type of Appliance  Electrostatic precipitator 

 

Figure 1 OekoTube installed in flue (protective cover removed from device) 
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2.0 Experimental Details 
 

2.1 Heater 
 
The heater used for the test was a freestanding multifuel heater. The firebox dimensions were from 
side to side 470mm, door shut to rear firebrick was 430mm and the height from the grate in the 
firebox floor to the secondary air tube was 317mm.  
 

2.2 Electrostatic Precipitator 

 
During these tests the OekoTube unit was protected against heat off the flue by a sheet of Micore 
160 placed between the flue and the control unit. As noted above the OekoTube is designed to be 
installed above the roof where the control unit will be separated from the flue by flue liners. 
 
The ESP was installed by Dr Rene Haeberli. The ESP is designed to be installed above roof level. 
For testing, the ESP was installed in the flue above the calorimeter room. The ESP had an electrode 
that was inserted into the flue above the heater so that the top of the electrode was 4.08m above the 
floor of the calorimeter room. The electrode was approximately 1.6m long made up of two thin metal 
strips suspended in the flue with a weight on the bottom of the strips. The top of the strips was 
attached to a hexagonal bar that protruded from the flue and was clamped in an insulator above the 
electronics of the device. 
 
A thermostat controls the OekoTube in normal use, but for this testing it was attached to a laptop 
computer and manually switched on and off. The laptop also functioned as a data logger for 
collecting information on the functioning of the OekoTube during the testing. 
 

2.3 Fuel 
 
Fuel was supplied by Mr Jim Foster from the Reefton Airshed Committee as follows 

• Sub Bituminous coal from Giles Creek Mine, and RedDale Cosycoal 

• Bituminous Coal – a mix of Strongman and Echo Coals 

• Typical West Coast firewood (Beech) with moisture content approximately 33% ww. 
 
Fires were started with kindling and small pieces of firewood before adding coal. Various coals and 
coal mixes were used at various times (see Appendix 1) during the testing:  
 

• 100% Giles Creek coal 

• Bituminous - 50% Strongman 50% Echo coals 

• Blend 3 – 25% Strongman, 25% Echo, 50% Giles Creek coals 

• 50% Reddale Coal and 50% West Coast firewood 
 

2.4 Test Equipment 
 
Tests were carried out using equipment specified in the joint Australian/New Zealand Standards 
4012:1999 and 4013:1999. Portable Emission Samplers developed by Applied Research Services 
were installed in the flue above and below the ESP. The samplers cool and dilute the flue gases in 
the same way as the dilution tunnel used for testing to AS/NZS 4013 prior to collecting particulates 
on filters.  The samplers are described in more detail in Appendix 3. The estimated uncertainty in 
emissions rates obtained with these samplers is 20%. The samplers were calibrated against the 
emissions rig.   

 

2.5 Heater Operation 
 
The heater was operated following the procedures set out in Appendix 1. This involved 5 phases on 
each day; a start up phase, 2 high burn phases, and 2 low burn phases. The test was run on 4 days 
and portable samplers (see section 2.6) were used to analyse the emissions before and after the 
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ESP. Two Samba brand fire starters were used to light the kindling. The fire starter was placed within 
the kindling stacked in a criss-cross pattern. 

 

2.6 Fuel Analysis 

 
Calculations using coal gross calorific value (GCV) and moisture content used figures from “The 
Analysis of New Zealand Industrial Coals” produced by the Coal Research Association of New 
Zealand. Wood GCV was based on analytical data from wood samples submitted to CRL Energy Ltd. 
Analysis and moisture content was determined by oven drying according to AS/NZS4014.2 Appendix 
A. For day 2 the moisture content used was the average for the Giles Creek coal and Wood at 
29.9%. 

 

3.0 Results and Discussion 

 

3.1 Calibration of Portable Emissions Samplers 
 
Figure 3a shows the correlation between the emissions rates obtained from the portable sampler 
above the OekoTube (Sampler 1) and the emissions rig dilution tunnel. Figure 3b shows the same 
data broken down by day and phase. 
 

Figure 3a Correlation between the emissions rates obtained from the portable samplers and the 
emissions rig dilution tunnel. 
 

y = 0.94x

R2 = 0.93

0

10

20

30

40

50

0 10 20 30 40 50 60

Sampler 1 (g/kg)

D
il
u
ti
o
n
 T
u
n
n
e
l 
(g
/k
g
)

 
 



Report 14/2660                January 16
th
, 2014 Page 4/19 

 

Figure 3b Emissions rates obtained from the portable samplers and the emissions rig dilution tunnel. 
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3.2 Particulate Emissions before and after the OekoTube 

 
The portable emissions samplers were placed before (Sampler 2) and after (Sampler 1) the 
OekoTube ESP.   Results are summarised in the graphs in figure 4. 

 

Figure 4  Emissions Rates before (Sampler 2) and after (Sampler 1) the OekoTube ESP 
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Day 2 (7/1/14) 
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Day 3 (8/1/14) 

0

5

10

15

20

25

30

P1 P2 P3 P4 P5

Phase

E
m
is
s
io
n
s
 R
a
te
 (
g
/k
g
) Sampler 1 Sampler 2 

 
 

Day 4 (9/1/14) 
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An electrostatic precipitator such as the OekoTube will collect materials which have condensed into 
particles. When flue temperatures are high a significant proportion of the emissions from the fire do 
not condense into particles until after the flue gases have left the flue.  Figure 5 indicates that the 
efficiency of the Oekotube increases significantly as the flue temperature drops below 180 

o
C 
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Figure 5  Ratio of Emissions Rates as a function of flue temperature 
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3.3 Collection of Soot 
 
The OekoTube is designed to precipitate particulates onto the flue wall. At the end of each test day 
the flue including the OekoTube and its electrode was swept and the sweepings were collected and 
weighed. A deposit of a tarry substance was also collected from the flue collar this was also weighed.  
The total weight of particulates emitted by the flue can be calculated from the dilution tunnel data and 
added to the weight of the sweepings and flue collar deposit, this gives an indication of the total mass 
of particulates emitted by the wood burner. 
 

 Mass of 
Sweepings 

Description 
of 

sweepings 

Flue 
collar 
deposit 

Description 
of collar 
deposit 

Mass 
Emitted 
from 
Flue 

Total Mass 
produced 
by burner 

Proportion 
Retained in 

Flue 

 ( g)  ( g)  ( g) ( g) % 

Test 
Day 1 

8 Powdery 6 
Thick tarry 
gunge 

48.9 62.9 22 

Test 
Day 2 

16 Gritty 3 
Granular 
tarry gunge 

78.4 97.4 20 

Test 
Day 3 

62 
Coarse 
flake 

1 
Granular 
tarry gunge 

59.5 122.5 51 

Test 
Day 4 

28 Soft powder 0 none 95.0 123.0 23 

 
These results indicate that the ESP is removing on average 29 % of the particulate emissions.  
 

3.4 Filters 
 
Coal combustion generates soot particles and volatile organic compounds (VOCs) some of which 
condense into droplets when cooled. An ESP will collect substances which have condensed into 
particles by the time they pass through the ESP. The dilution tunnel is designed to cool the flue 
gases in a similar way to what happens when they are released into the atmosphere. The filters that 
collect particulates from the dilution tunnel typically catch soot particles on their front surface while 
the condensed VOCs form a yellow oily deposit that penetrates through the filter.  
 
The filters took several weeks to reach a stable weight as required by clause 6.9 of AS/NZS4013. 
 
The photographs in Figure 5 show the front face of the filters. These suggest that the ESP is 
removing the bulk of the soot but is much less effective in removing VOCs from the flue gases. 
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Figure 5 Filter deposits - Sampler 2 on Left (before ESP) Sampler 1 on Right (after ESP), first phase 
at top last phase at bottom of photographs 
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4.0 Summary 
 
These results indicate that the effectiveness of the OekoTube increases markedly as the flue 
temperature drops. At higher flue temperatures it appears that the OekoTube removes soot while 
allowing uncondensed material to pass through. 
 

 

 

This Report: 
 

 
 
This report must not be reproduced except in full. Results are based on materials and information 

supplied by the client. Applied Research Services Ltd shall not be liable in respect of any loss or 

damage  (including consequential loss or damage) resulting from use of reports prepared by them. 
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Appendix 1 Procedure 

 

Day 1:  Five phases - each one hour long - operation with Giles Creek 
Coal. 
  
Ph1 - start up and operation at high  
 
Heater set on high 
Start up on kindling using approximately 1.5kg of kindling 
each piece weighing approximately 75g. Use 2 firelighters. When well alight add 3 pieces of wood at 
300g each. 
When well alight add 3 kg coal 
  
Ph2 - high burn 
 
Add approximately 3kg coal 
  
Ph3 - high burn 
 
Add approximately 3 kg coal 
  
Ph4 - low burn 
 
Add approximately 3kg coal 
  
Ph5 - low burn 
 
 Add sufficient coal to bring back to start weight of Phase 3 
  
  

Day 2:  Five phases - each one hour long - operation with wood and 
Giles Creek Coal (50:50 mix approximately). 
  
Heater set on high 
Start up on kindling using approximately 1.5kg of kindling 
each piece weighing approximately 75g. Use 2 firelighters. When well alight add 3 pieces of wood at 
300g each. 
When well alight add 3 kg coal and wood mix (50/50) 
  
Ph2 - high burn 
 
Add approximately 3 kg coal and wood mix (50/50) 
  
Ph3 - high burn 
 
Add approximately 3 kg coal and wood mix (50/50) 
  
Ph4 - low burn 
 
Add approximately 3 kg coal and wood mix (50/50) 
  
Ph5 - low burn 
 
 Add sufficient coal and wood mix (50/50) to bring back to start weight of Phase 3 
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Day 3: Five phases - each one hour long 
 
Re fuel loading as and when required based on usual operation within a 
home. 
This shouldn't be seen as totally prescriptive, however.  For example if 
the fire is not responding to a fuel load when under low burn then 
increase the temperature setting until the fire is burning properly and 
then reduce to low burn (i.e., undertake whatever reasonable measures 
are required to make sure the burn cycle does not deviate too much from 
what would be reasonably done in a home).   
  
Just operate the burner as it might be used in a home type setting. 
Phase 1 still includes a cold start.  Operation with Reddale Cosycoal and wood. 
  
Phase 2 - operation as normal - but make a note of the percentage of 
time at different settings. Operation with Reddale Cosycoal. 
  
Phase 3 - operation as normal - but make a note of the percentage of 
time at different settings. Operation with Reddale Cosycoal and wood. 
  
Phase 4 - operation as normal - but make a note of the percentage of 
time at different settings. Operation with Reddale Cosycoal. 
  
Phase 5 - operation as normal - but make a note of the percentage of 
time at different settings Operation with Reddale Cosycoal and wood. 
  

 Day 4: same as Day 1 but using bituminous coal. Only one low burn i.e. 4 phases. 
Phase 1 Bituminous Coal and wood at start up 
Phase 2 Bituminous Coal 
Phase 3 Blend 3 
Phase 4 Blend 3 
 
 Filter changes at end of each phase 
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Appendix 2 OekoTube Manufacturer’s brochure 
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Appendix 3 Information on the Portable Emissions Sampler 

 
 
 
 
 
 
The portable emissions sampler captures particulate emissions using a method based on Oregon 
Method 41 (OM41). This method is also known as the Condar Method.  
 

Principle of Operation 
 
The sampling head includes a dilution system to dilute and cool the flue gas. This simulates the 
dilution and cooling that occurs when flue gases mix with ambient air and results in condensation of 
oily compounds such as polyaromatic hydrocarbons which can then be captured on the filter. 
 
In practice, flue gases are drawn into a manifold through the sample probe. Dilution air is also drawn 
into the manifold through small holes in its face.  The diluted gases are then drawn through two filters 
which collect the particulate emissions.  
 

 

Details of the Sampler 
 

General  
 
The sampler includes a sampling head (detailed below) which captures the sample of particulates. In 
addition flue temperature is measured, flue gases are analysed continuously for oxygen and carbon 
dioxide content and the carbon dioxide content of the diluted gas stream is analysed.  The sampler 
also contains gauges to monitor and set gas flows through the sample head and flue gas analysers, 
canisters of drying agent to remove water vapour from the gas streams, a gas meter to quantify the 
sample flow and a vacuum sensor to monitor filter loadings. The sampler is interfaced to a laptop 
computer which activates the sampling pump when the heater is operated and the flue temperature 
rises. The computer is also used to log data. 
 

Sampling Head 
 
The sampling head consists of a stainless steel dilution manifold (length 100 mm, internal dia 49 mm) 
fitted with two end caps. One end cap is fitted with a short probe with a glass insert. The probe is 
inserted into the flue so that the inlet is near the flue center.  Dilution air is admitted to the manifold 
via 12 x 1 mm dia holes in the face of the end cap.  The sample is collected on two 47 mm glass fibre 
filters (Gelman Type A/E Cat No 61631) mounted on two filter holders fitted to the other end cap of 
the manifold.   

 

Figure 1. Schematic Of Sampling Head 

 

                       
 

Applied Research Services Ltd, P.O. Box 687, Nelson, New Zealand 

Technical Bulletin Number 72,     Release 2      20 October 2005             Page 1/2 
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Apart from the probe and manifold assembly the sampling assembly is the same as used in AS/NZS 
4012/3.  As with NZS4013 two glass fibre filters are used to collect the particulate materials. The flue 
gas composition is also measured and is used to calculate the total volume of gas which has passed 
up the flue per kg of fuel burnt. The total emissions can then be calculated from rate at which 
material is collected on the filter and the dilution ratio.  

 

Comparison of  Results Obtained with AS/NZS 4012/3 
 
Laboratory tests of wood burners for compliance to particulate emissions standards in New Zealand 
are currently carried out according to methods set out in the joint Australian/ New Zealand standard 
AS/NZS 4012/3.  The test involves capture of the entire gas stream exiting the flue which is then 
passed to a dilution tunnel where it is mixed with room which provides dilution and cooling. The 
particulate sample is drawn from the end of the dilution tunnel. Because the velocity of gas in the 
dilution tunnel is more easily measured than that in the flue the amount of particulate generated is 
relatively easily calculated.   
 
During the comparative tests the portable emissions sampler was set up in the test room and run at 
the same time as the laboratory test rig.   
 

Results 
 
The graph below shows the results of nineteen runs carried out on a range of heaters. Of these 
seventeen (squares) were obtained during tests where fuelling was carried out in accordance with 
the requirements of AS/NZS 4012/3 and three (triangles) were carried out during five hour runs and a 
“real life” fuelling regime in accordance with SMF Contract  Application Number 2205. Results are 
particulate emissions in g/kg. 
 

Figure 2  Comparison of  Results Obtained with Portable Emissions Sampler and AS/NZS 4012/3 
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The results show that a good correlation exists between results obtained with the two methods.   
 
 

This bulletin may not be reproduced without the written permission of Applied Research Services Ltd. While we have been 

careful to ensure the accuracy of the information in this bulletin users must verify the accuracy, completeness and currency of 

the information before making any decisions based on it. Applied Research Services Ltd shall not be liable in respect of any loss 

or damage (including consequential loss or damage) resulting from the use of bulletins prepared by them 
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