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INTRODUCTION 
 
Biokube K/S has September 28, 2003, applied for type approval of Biokube waste water 
system. Type approval is based on the Executive Order no 500 (1999) laid down by the 
Danish National Agency of Environmental Protection concerning type approval of small 
waste water systems and on the National Agency of Environmental Protection Guideline 
no 4 (1999) concerning a type approval scheme for small waste water systems. Type 
approval authority is ETA-Danmark A/S.  
 
The application contains the information specified in Executive Order no 500, including 
sizing data, description of construction and materials, list of components and description of 
function. 
 
The application also includes suggestions for sampling frequency and analytical 
programme as well as methods for the practical implementation of the special tests 
specified in the Executive Order no 500. The application, with corrections by ETA-
Danmark A/S, was accepted September 29, 2003.  
 
The type approval testing was initiated November 28, 2003, and the first sampling took 
place December 11, 2003. 
 
The waste water system was firstly tested for type approval in cleaning class SOP for 
capacities 5, 10, 15, 20 and 30 PE. When type approval for cleaning class SOP was 
achieved1) it was agreed April 23, 2004, with ETA-Danmark A/S that the testing should be 
extended to include cleaning class SO as well.  
  
The type approval testing regarding cleaning class SOP was concluded November 16, 
2004, while the testing regarding cleaning class SO has been carried on until February 
2005. 
 
Consulting Engineer Rune Strube has acted as impartial authority in the two type approval 
testings. As certified analytical laboratory was used Rovesta Miljø I/S in connection with 
type approval in cleaning class SOP, and A/S AnalyCen was used in connection with type 
approval in cleaning class SO.  
 
 
 
 
 
 
 
 
 
 
 
 
 
1) The Type Approval Certificate (in Danish) is inserted after page 16.   
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PART 1.   CLEANING CLASS SOP 
 
 
1.1     Description of waste water system 
 
Testing for type approval in cleaning class SOP was carried out using a prototype version 
of the Biokube waste water system for 5 PE. Plant design, operational function and 
involved biological processes are described in the application forwarded September 28, 
2003,  to ETA-Danmark A/S and in Appendix 1.5. 
 
The control system for dosing of chemicals was in the course of testing replaced by an 
improved version which has since been part of the standard waste water system delivered 
by Biokube. The original control system appeared to be sensitive to electrical impulses 
from the surroundings. The change of control system was reported in letter of July 12, 
2004, to ETA-Danmark and to the Danish trade organisation of severage foremen. 
 
 
1.2     Implementation of type approval testing 
 
1.2.1 Waste water systems used for testing 
 
Testing for type approval was carried out using Biokube waste water systems installed at 
the locations stated below 
 
a) Henrik Larsen 

Skov Torupvej 8 
4640 Fakse 
 
The property is an old house inhabited by a single family consisting of 2 adults and 
2 children.  
 
In connection with the installation of the Biokube waste water system was at the 
same time installed a new 3-chamber sedimentation tank (septic tank). 
 
An extensive rebuilding of the house took place in the course of the testing period. 
The building activity involved the daily presence of 2-6 workmen. 

 
b) Birk Rommelhoff 

Egemosevej 4 
4683 Rønnede 
 
A single family consisting of 2 adults and 2 children inhabits the estate. One of the 
children is living outside the house during part of the week. 

 
 When installed the Biokube waste water system was connected to an existing 3 
year old 2-chamber sedimentation tank (septic tank). 
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1.2.2 Sampling and analysis 
 
Rovesta MiljøI/S, Danak reg, no. 338, was appointed to carry out the certified sampling 
and analysis of effluent samples from the waste water system.  
 
The samples were taken during 24 hours using time proportional sampling. Sampling took 
place every 2 weeks, approximately, according to a programme agreed with ETA-Danmark 
A/S. The samples were kept in cool-boxes from the time of sampling until delivery at the 
analytical laboratory in Nykøbing F. 
 
The samples were analysed for the parameters mentioned below according to the 
methods stated: 
 
5-day Biochemical Oxygen Demand, modified (BOD5 mod)  DS/EN 1899-1 
Ammonia-Nitrogen (NH4-N)  DS/EN ISO 11732 
Total Phosphorus (Tot-P)  DS 292 
 
Suspended Solids (SS)  DS 207 
 
Temperature  Intern K 044 
pH   DS 287 
Oxygen Saturation (in outlet from the last bio-stage)  DS 2206 
  
Temperature, pH and oxygen saturation was measured in spot samples. The latter 
measurement was made since 22.02.04 as part of the operational control of the systems. 
 
Biokube has, in parallel with the certified sampling and analysis described above, carried 
out an extensive monitoring programme based on spot samples. The samples have been 
taken from the outlet of the waste water systems and have been analysed for Ammonia-
Nitrogen, Total Phosphorous and Chemical Oxygen Demand (CODdichromate). 
 
1.2.3 Type approval scheme 
 
The testing for type approval was carried out according to agreement with ETA-Danmark 
of September 29, 2003. 
  
The sampling programme was initiated December 11-12, 2003 and concluded November 
16-17, 2004.  
 
When type approval for cleaning class SOP was achieved per March 31, 2004, a repair of 
the sedimentation tank at Egemosevej was carried out in order to correct a malfunction of 
the tank. The malfunction had caused intermittent carry-over of floating sludge to the 
Biokube waste water system resulting in irregular performance of the system. Dosing of 
chemicals was interrupted during the repair period, and trials were made in the succeeding 
period for optimisation of phosphorous precipitation at both test plants. Standard dosing of 
chemicals was re-established October 5, 2004, in agreement with ETA-Danmark. 
 
 



Type Approval of Small Waste Water Systems 
Biokube Minirenseanlæg 5 PE                                                                                                                             
                                                                                                                                                                         

Biokube SOP-2 E   

Holiday test  
 
After agreement with ETA-Danmark, a holiday situation was simulated by establishing a 
by-pass of the Biokube waste water system installed at Skov Torupvej. In the period 
19.12.03 – 02.01.04 there was no influent to the treatment plant. Return pumping from the 
treatment plant to the sedimentation tank was interrupted to avoid draining of the plant, 
and the chemical precipitation in the sedimentation tank was interrupted as well. 
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 Figure 1. Impact of holiday situation on the biological removal of Nitrogen 
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 Figure 2. Impact of holiday situation on COD and BOD reduction 
 
The impact of the simulated holiday situation on the biological functions of the waste water 
system is illustrated in figures 1 and 2, showing effluent concentrations of Ammonia-
Nitrogen, 5-day Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand 
(COD). It appears from the diagrams that the biological functions of the system are 
stabilised within a week after normal operation is resumed. 
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Bath tub test 
 
The bath tub test is not relevant for a fixed film waste water system receiving a time 
controlled flow from a pumping station positioned downstream the sedimentation tank.  
The bath tub test was therefore omitted in agreement with ETA-Danmark A/S.  
 
Power interruption test 
 
An involuntary power failure took place February 2-3, 2004, where power to the waste 
water system at Egemosevej was interrupted for 36 hours. The plant performance during 
this period was accepted as the power interruption test prescribed by ETA-Danmark. 
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  Figure 3. Impact of power failure on the biological removal of Nitrogen  
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 Figure 4. Impact of power failure on COD and BOD reduction 
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 Figure 5 Impact of power failure on the efficiency of phosphorous precipitation 
 
The impact of power interruption is illustrated in figures 3-5 showing effluent concentration 
for Ammonia-Nitrogen, 5-day Biochemical Oxygen Demand (BOD), chemical Oxygen 
Demand (COD) and Total Phosphorous.  
 
The biological reduction of BOD and Ammonia-Nitrogen was not fully established in the 
Egemose waste water system when the power failure took place (see section 1.3).  It is 
evident from the diagrams, however, that the interruption of power to the plant did not have 
any significant or prolonged impact on the performance of the plant.  
 
 
1.3 Results 
 
1.3.1 Treatment result 
 
All analytical data resulting from the type approval sampling and from the supplier’s own 
monitoring programme are registered in the form of tables and presented in Appendix 1.2. 
Selected parameters are also presented in the form of diagrams in Appendix 1.1 
 
The analytical reports forwarded by the certified laboratory are found in Appendix 1.3 and 
supplier’s logbook (with results from supplier’s own monitoring programme) is given as 
Appendix1.4. 
 
In the following sections a summary is given of the treatment result achieved by the two 
waste water systems used for testing (after completion of the running-in period). 
  
When type approval in cleaning class SOP was obtained in March 2004, it was decided, 
that continued testing for approval in cleaning class SO should be carried out using 4 
standard Biokube waste water systems to be installed in the region of Fyn. 
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Subsequent to a necessary repair of the sedimentation tank at Egemosevej, in March 
2004, both plants were temporarily taken out of the type approval testing with regard to 
phosphorous removal and trials were made for optimisation of chemical dosing strategies. 
Following a request from ETA-Danmark, standard dosing of chemicals was re-established 
October 5 and continued until completion of the testing in November 2004. 
 
Skov Torupvej 
 
In the waste water system at Skov Torupvej was installed filter elements that had 
previously been used in an experimental plant preceding the prototype.  
 
When the testing for type approval was initiated, these elements already had a biofilm that 
was active with regard to Ammonia- and BOD-removal.   
 
As a consequence, the waste water system at Skov Torupvej has throughout the testing 
period been observing the effluent demands for Ammonia-Nitrogen and 5-day Biochemical 
Oxygen Demand (BOD). 
 
The operational method used by Biokube involves the sedimentation tank (septic tank) as 
reaction tank for the chemical precipitation of phosphorous. The method ensures a stable 
operation of the total system when a steady state is established. A relatively long running-
in period is required, however, in order to reach the steady state situation. 
  
For this reason, compliance with the effluent demand for Phosphorous was not realised 
until early February 2004. As stated above, the plant was temporarily taken out of the type 
approval testing with regard to phosphorous removal in the period July 5 – October 5, 
2004. 
 
Start-up:  28.11.03 
Start of measuring period: 11.12.03 
End of measuring period: 16.11.04 
 
Optimisation trial (P): 05.07-05.10.04 
 

Parameter BOD5mod, mg/l Ammonia-N, mg N/l Total P, mg P/l 

Control period(s) 11.12.03-16.11.04 11.12.03-16.11.04 05.02-05.07.04 and 
05.10-16.11.04 

Number of samples 29 29 16 
Average 3,5 1.3 1,2 
Minimum <1 <0,05 0,36 
Maximum 17 8,8 4,2 
Number exceeding 
demand 1 2 3 

Number exceeding 
2 x demand 0 0 1 
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The water temperature was below 7oC in the period 28.11.03 – 23.03.04. The exceeding 
of the BOD demand and one case of exceeding the Ammonia-N demand took place in this 
period.  
 
 
Egemosevej 
 
The waste water system at Egemosevej was equipped with new filter elements.  Start-up 
of the system took place November 2003, and a running-in period of considerable length 
was expected due to the low water temperature; not until April 2004 was registered water 
temperatures above 7oC. 
 
Despite this, the effluent BOD value quickly approached the demand of 10 mg/l, and BOD- 
average has from the end of January 2004 until completion of the measuring period been 
observing the effluent demand. The performance of the system was irregular, however, 
and values exceeding the demand were registered in several cases. The irregularities 
were ascribed to the low temperature until the month of April. When the performance 
remained irregular after the increase of temperature, also with regard to Nitrogen- and 
Phosphorous removal, it was decided to drain the sedimentation tank (septic tank) for an 
examination of the mechanical function. 
  
The examination proved that part of the T-shaped effluent arrangement of the tank had 
come off, resulting in intermittent carry-over of floating sludge to the waste water system. 
After repair of the tank and resuming normal operation after June 26, the BOD-average of 
the effluent has been below 4 mg/l. This value is equivalent to the total average for the 
waste water system at Skov Torupvej. 
 
Start-up:  22.11.03 
Start of measuring period: 11.12.03 
End of measuring period: 16.11.04 
 
Repair of septic tank: 16-21.06.04 
Optimisation trial (P): 05.07-05.10.04 
 

Parameter BOD5mod, mg/l Ammonia-N, mg N/l Total P, mg P/l 

Control period(s) 19.01-16.11.04 21.06 -16.11.04 19.01-14.06.04 and 
05.10-16.11.04 

Number of samples 24 11 17 
Average 6,9 0,8 1,5 
Minimum 1,2 <0,05 0,4 
Maximum 16 7,8 4,0 
Number exceeding 
demand 6 1 5 

Number exceeding 
2 x demand 0 0 1 

 
 



Type Approval of Small Waste Water Systems 
Biokube Minirenseanlæg 5 PE                                                                                                                             
                                                                                                                                                                         

Biokube SOP-2 E   

The biological reduction of Ammonia-Nitrogen is even more affected by low temperature 
than the BOD-removal and is generally very sensitive to the type of disturbances reported 
above. Compliance with the effluent demand for Ammonia-Nitrogen was consequently not 
achieved until after repair of the sedimentation tank.   
 
Compliance with the effluent demand for Phosphorous was realised at approximately the 
same time as was the case for the waste water system at Skov Torupvej, and simulta-
neous with observance of the BOD demand. As reported earlier, the removal efficiency 
with regard to phosphorous was irregular until the sedimentation tank was repaired June 
2004.  Chemical dosing was resumed July 5 when the plant was temporarily taken out of 
the type approval testing with regard to phosphorous. Standard dosing was re-established 
October 5 and continued until November 2004. 
 
The water temperature was below 7oC in the period 28.11.03 – 23.03.04. The exceeding 
of the BOD demand in four cases out of six took place in this period.  
  
 
1.3.2 Water flow and consumption 
 
Water flow 
 
The wastewater flow was throughout the measurement period recorded by water meters 
installed at the two properties.  
 
 Skov Torupvej Egemosevej 
Total water consumption, m3 165 205 
Measurement period, days 354 354 
Average water consumption, l/d 466 579 
 
Power consumption 
 
Power consumption related to plant operation was registered on separate meters. 
 
 Skov Torupvej Egemosevej 
Total power consumption, kWh 610 640 
Measurement period, days 354 354 
Average consumption, kWh/d 1,72 1,81 
 
Based on the above registrations it is estimated that the power consumption for a standard 
Biokube waste water system (5 PE) is approximately 1,8 kWh/d, equivalent to approxima-
tely 660 kWh/year. 
 
Consumption of chemicals 
 
For precipitation of Phosphorous was used poly-aluminium chloride, PAX 14 from Kemira.  
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PAX 14 is a liquid product delivered in 25 L containers from which the dosing takes place. 
The consumption is registered as the number of containers delivered to the two sites, with 
corrections made for residuals. The average consumption given in the table is calculated 
for the periods when the chemical was actually applied and includes the period 5.7-5.10 
when optimisation trials were carried out.  
 
 Skov Torupvej Egemosevej 
Total chemical consumption, L 37 37 
Measurement period, days 333 314 
Average consumption, L/d 0,11 0,12 
 
Based on the above registrations it is estimated that consumption of chemicals for a 
standard Biokube waste water system (5 PE) is approximately 0.12 L/d, equivalent to 
approximately 42 L/year.  
 
1.3.3 Sludge   
 
Emptying of sedimentation tanks took place at the times stated below. 
 

Date Skov Torupvej Egemosevej 
10.12.03  X 
16.06.04  X 
21.09.04 X  

 
The sedimentation tank at Skov Torupvej was installed immediately prior to the type 
approval testing.  
 
The sedimentation tank at Egemosevej was emptied shortly after start-up of the type 
approval testing. The tank was further emptied June 16 for repair (see section 1.3.1).  
 
Compared to a normal installation, the chemical precipitation of Phosphorous in the 
sedimentation tank will lead to an increased accumulation of solids. The extra solids will 
most likely result in a need for a more frequent emptying of the tank. The registrations from 
the type approval testing do not, however, allow for a quantification of this need.  
 
 
1.4  Operation 
 
1.4.1 Start-up 
 
In the waste water system at Skov Torupvej was installed filter elements that had 
previously been used in an experimental plant preceding the prototype. These filter 
elements had a biofilm that was active with regard to BOD and Ammonia-removal from the 
beginning of the testing period, and, as a consequence, the running-in period was rather 
brief. Apart from a few deviations caused by low and fluctuating temperature, a stable 
biological treatment system was established within a month after start-up.  
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The waste water system at Egemosevej was equipped with new filter elements, and a 
biofilm had to be formed in order to achieve any substantial biological removal. Although 
the water temperature was only 7oC at the time of start-up, and decreasing, it is estimated 
that the biological functions required for quantitative removal of BOD- and Ammonia were 
present already after two months of operation. The exact moment is not easily identified as 
a malfunction of the sedimentation tank came about at approximately the same time (see 
section 1.3). 
 
The operational method used by Biokube involves the sedimentation tank (septic tank) as 
reaction tank for the chemical precipitation of phosphorous, and the removal of 
phosphorous is independent of the biological functions taking place in the waste water 
system. The time required for running in of the phosphorous removal processes will 
depend on the applied chemical dosing, the design of the sedimentation tank and of the 
initial concentration of phosphate in the tank. 
 
For the waste water system at Egemosevej, where the sedimentation tank was emptied 
immediately prior to the testing, the required running in period for Phosphorous was 
approximately 2 months. At Skov Torupvej, where the recently installed tank was not 
emptied in connection with start-up, the running in period lasted about 1 month longer. 
 
 1.4.2  Breakdowns and alarms 
 
In the course of testing it became evident that the control system for dosing of chemicals 
was sensitive to electrical impulses from the surroundings.  Because of this sensitivity, 
overdosing of chemicals at the Egemosevej installation occurred on two occasions. The 
control system was replaced in the test systems and in all other Biokube plants during the 
summer 2004. At the same time was made an adjustment of the tubing arrangement for 
the chemical dosing. 
 
No failure of vital parts has been observed during the type approval testing. 
  
The installation at Egemosevej gave an alarm caused by a local power failure in the 
beginning of February 2004. The situation was exploited for the demonstration of 
performance during the 36hour interruption of power to the plant (see section 1.2.3).  
 
The malfunction of the sedimentation tank at Egemosevej is not considered relevant in the 
context of type approval testing.  
 
1.4.3 Maintenance 
 
Maintenance during the type approval testing has consisted in periodical cleaning, 
inspections and delivery of precipitation chemicals. 
 
1.4.4 User acceptance and plant accessibility 
 
The users have expressed their satisfaction with the installed systems and their 
performance. The plants are located close to road and are accessible for standard 
contractor equipment. 
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1.5 CONCLUSION CONCERNING CLEANING CLASS SOP 
 
It is concluded from the course of the type approval testing, and from the results, that the 
Biokube waste water system is fully functional and able to perform in accordance with the 
demands laid down in Executive Order no 500 concerning type approval of small waste 
water systems in cleaning class SOP. 
    
The design and functionality of the waste water system do not give occasion for remarks 
after the minor corrections already implemented during the course of testing.  
 
The process design, with three biological sections in series, is considered most robust and 
the sizing most adequate for the prescribed loading.  It is furthermore considered that the 
use of the sedimentation tank for precipitation of Phosphorous is ensuring a stable and 
independent function of the different treatment processes, with minimal maintenance 
requirements. 
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Diagrammes  
 
1.1 a Skov Torupvej 
 
Ammonia 
BOD & COD 
Phosphorous 
Temperature & pH  
 
 
1.1 b Egemosevej 
 
Ammonia 
BOD & COD 
Phosphorous 
Temperature & pH  
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1.1 a Skov Torupvej 
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1.1 b Egemosevej 
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Egemosevej (4). pH & temperature
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APPENDIX 1.2 
    
 
 
Measurement result (tables)  
 
Summary of measurement results received from the certified analytical laboratory 
(Rovesta) and from the supplier (Biokube). 
 
1.2 a Skov Torupvej 
 
1.2 b Egemosevej 
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Measurement reports from the certified analytical laboratory 
 
 
1.3 a Skov Torupvej 
 
1.3 b Egemosevej 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Translation of text on analytical forms     
 
Danish  English 
 
Temperatur, målt i felt Water temperature, field measurement 
pH, målt i felt pH, field measurement 
Iltmætning, målt i felt Oxygen saturation, field measurement 
 
Suspenderet stof Suspended Solids 
Biokemisk iltforbrug, BI5 mod. Biochemical Oxygen Demand, BOD5 mod 
Ammonium-nitrogen Ammonia-Nitrogen 
Phosphor, total Total Phosphorous 
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1.3 a Skov Torupvej 
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Measurements carried out by supplier (Biokube) 
 
 
1.4 a Skov Torupvej 
 
1.4 b Egemosevej 
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APPENDIX 1.5 
    
 
 
Description of Biokube waste water system (5 PE) 
 
 
 
 
 
 
 
 
 
 
 
 



  
Operational function of Biokube small waste water system (patent pending).  
 
All wastewater from the household, toilet, bathroom, kitchen etc. is led from the house to the 
anaerobic septic tank. 
 
The septic tank function as the primary sedimentation unit in the system and it is important that it 
is correctly designed with 2 or 3 sections and is correctly sized with a minimum volume of 2 m3 
for a 5 PE system. 
 
As the waste water enters the septic tank it is separated into 3 phases: A sludge phase at the 
bottom, a floating sludge phase on top and a water phase in between. The settled sludge at the 
bottom and the floating sludge on top is retained in the tank and removed once or twice a year 
when the septic tank is emptied. The water phase flows by gravity to a well from which it is 
pumped into the waste water system. The pump is controlled by a timer that ensures an evenly 
distribution over 24 hours of the wastewater load to the system. The controlled loading provides 
optimal conditions for the microorganisms responsible for the biological removal processes. 
 
When the waste water has entered the system it will pass through 3 or 4 sections depending on 
the nominal size of the system (the attached drawing shows 3 sections applicable for 5 PE 
systems). 
 
The first part of each section consists of a submersed biological filter that is aerated by a diffuser 
placed below the filter element. After aeration in the biological filter the water will enter a 
sedimentation stage where pieces of bio-film and other suspended matter will settle to the bottom 
from which it is returned to the septic tank by pumping. The pumping takes place several times a 
day and is affected by a so-called mammoth–pump, or airlift, that utilises air bubbles for lifting 
and transporting the suspended material. From the sedimentation stage the water will enter the 
next section though a connecting channel.  
 
From the sedimentation stage in the last section a part of the nitrified water is continuously 
pumped to the septic tank where denitrification takes place (oxygen-free conditions and presence 
of easily degradable organic substances). The chemicals for precipitation of Phosphorous are 
added to the recycled water. As a consequence the Phosphorous is precipitated in the septic tank, 
presenting no harmful effects to the biological processes in the waste water system. By adding 
the chemicals to the nitrified water is also achieved a ”symbioses” between the chemical and the 
nitrate, which improves denitrification and reduce chemical consumption. 
  
The recycling of nitrified water ensures a continuous flow throughout the system, and 
wastewater coming from the household will result in a similar amount of treated water leaving 
the installation. The continuous flow eliminates the formation of Hydrogen Sulphide, which is 
otherwise considered a major problem to small waste water plants. 
 
Hydrogen Sulphide, which is toxic to microorganisms, is formed in the stagnant water in the 
septic tank. When water from the household is led to the tank, an equivalent amount of water 
will enter the waste water system. The water will contain Hydrogen Sulphide in most cases, in 
particular if inlet flow to the septic tank has been low for a prolonged period.  
 
A continuous flow into the septic tank, rich in Oxygen and Nitrate, will prevent the formation of 
Hydrogen Sulphide in the tank. Hydrogen Sulphide formed prior to entering the septic tank will 
be oxidised to harmless substances.  



The recycling of water from waste water system to septic tank will furthermore serve to maintain 
a suitable activity of the various biological systems through holiday-periods with little or no 
waste water flow from the household. 



 


