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SUMMARY 

Executive summary: This document provides information to the Organization by the 
Danish authorities that they have amended the initial type approval 
of the CompactClean BWMS manufactured by DESMI Ocean Guard 
in accordance with the Code for Approval of Ballast Water 
Management Systems (BWMS Code) 

Strategic direction, if 
applicable: 

2 

Output: 2.2 

Action to be taken: Paragraph 30 

Related documents: Resolution MEPC.300(72) and MEPC 74/INF.32 

 
Introduction 
 
1 The Danish authorities (Danish Environmental Protection Agency (DEPA) and Danish 
Maritime Authority (DMA)) hereby notify the Organization of their decision to amend the earlier 
type approval (TA) of the CompactClean BWMS (hereafter referred to as the BWMS) 
manufactured by DESMI Ocean Guard.  
 
2 The BWMS utilizes filtration and UV treatment at uptake and UV treatment at 
discharge and was type approved on 21 September 2018 in accordance with the BWMS Code 
adopted by resolution MEPC.300(72). The Danish authorities informed the Organization of this 
type approval in document MEPC 74/INF.32. The BWMS has now been upgraded to apply 
filters of the aquaBoll BWT BB filter series manufactured by Boll & Kirch Filterbau 
(BOLLFILTER) as an alternate option to the filters of the ABC filter series manufactured by 
Filtrex. In addition, three new scaled UV unit models were added to the BWMS. Finally, the 
BWMS was upgraded to introduce a new IMO mode of operation with an alternate UV dose 
control curve. 
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3 On behalf of the Danish authorities, DNV has reviewed technical documentation, test 
plans and reports provided for the request to amend the TA.  
 
4 The Danish authorities find that the upgraded BWMS satisfies the requirements of the 
BWMS Code adopted by resolution MEPC.300(72) on the basis of the testing, reported results, 
design assessments and mathematical modelling and calculations. 
 
5 This document is prepared in accordance with part 7 of the annex to the BWMS Code. 
The following information for the amended TA of the BWMS is provided: 
 

.1 approval date of TA amendment: 19 July 2021; 
 
.2 name of the Administration: DEPA and DMA; 
 
.3 name of the manufacturer: DESMI Ocean Guard; 
 
.4 trade name and product designation: CompactClean BWMS; 
 
.5 a copy of the amended Type Approval Certificate can be found in annex 1; 

 
.6 summary results* from supplemental land-based (LB) testing with the 

alternate filter and the alternate UV dose control curve of the new IMO mode 
of operation have been included in annexes 2 and 3, respectively. 

 
Description of the upgrades made to the BWMS 
 
6 DESMI Ocean Guard prepared a design study comparing the primary filter, i.e. the 
filters of the ACB series manufactured by Filtrex, to the alternate filter, i.e. the filters of the 
aquaBoll BWT series manufactured by BOLLFILTER. This design study demonstrates that the 
design of the alternate filter is comparable to the primary and that the alternate filter is 
compatible with the CompactClean BWMS. 
 
7 An improved design of the aquaBoll BWT filter with the designation aquaBoll BWT BB 
was eventually selected as the alternate filter for the BWMS. The design study provided by 
BOLLFILTER demonstrated that the design of the aquaBoll BWT filter and aquaBoll BWT BB 
filter are equivalent in all relevant aspects, and testing performed at DHI during October to 
November 2020 confirmed that the aquaBoll BWT BB filter has equivalent performance 
compared to the aquaBoll BWT filter. 
 
8 Three new scaled UV unit models (V10024, V15044 and V20066) were developed by 
DESMI Ocean Guard. These new scaled UV unit models have the same general design in 
terms of UV unit geometry, location of UV lamps and type of UV lamps and apply the same 
UV intensity (UVI) limitations as the base UV unit model V20086 used in LB testing.  
 
9 The BWMS monitors the ballast water flow and the UV intensity (UVI) which is an 
indirect measure of water quality and UV lamp efficiency. At high UV transmittance (UVT) 
levels, the BWMS reduces the power to the UV lamps. At low UVT levels, the BWMS adjusts 
the flow rate with the target flow being a function of the measured UVI. A new IMO mode of 
operation with an alternate UV dose control curve was introduced in addition to the earlier 

 
*  Owing to the volume of these test reports, only executive summaries are included in the annexes to this INF 

document. The complete test reports from LB testing can be obtained by making an email request to 
bwm@dnv.com.  
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tested UV dose control curve, which is now applied by the US mode of operation of the BWMS. 
In the IMO mode of operation, the maximum flow rate of the different UV unit models is 
increased and the UVI setpoints for lamp power reduction and flow reduction are adjusted. 
While the US mode is designed for the BWMS to meet the United States Coast Guard 
discharge standard, the IMO mode is designed to the ballast water performance standard of 
regulation D-2. 
 
10 No changes were made to electrical and electronic components, including the control 
and monitoring devices of the BWMS. Therefore, no environmental testing was required for 
the TA amendment. 
 
Discussion including an overview of the TA amendment process 
 
11 As described in document MEPC 74/INF.32, a complete test suite of LB and 
shipboard (SB) tests under the procedures and conditions specified in the BWMS Code were 
performed as part of the initial TA of the BWMS.  
 
12 Given that it was demonstrated that the design of the alternate aquaBoll BWT filter is 
comparable to the primary ACB filter, three LB test cycles in each salinity were considered 
sufficient to evaluate the performance of the BWMS with the alternate filter. In between these 
LB test cycles, operational tests of a total of 56 hours of operation were performed. This 
allowed for verification of the reliability of the alternate filter over a longer period of time. More 
details on these LB and operational tests are given in annex 2. 
 
13 The upgrade of the BWMS to employ an alternate UV dose control curve (IMO mode) 
and thus the change in the BWMS system design limitations (SDL) was evaluated in LB testing. 
A total of four test cycles in each salinity were conducted using the ACB Filtrex filter. Two test 
cycles to evaluate compliance with the D-2 standard at the minimum hold time as required by 
paragraph 2.13 of the annex to the BWMS Code and two test cycles to evaluate regrowth as 
required by paragraph 2.55 of the annex to the BWMS Code were considered sufficient to 
evaluate the performance of the BWMS with the alternate UV dose control curve.  
 
14 In addition, two LB test cycles in each salinity were considered sufficient to evaluate 
the performance of the BWMS with the alternate UV dose control curve in combination with 
the alternate aquaBoll BWT filter. The final results of this testing are not presented herein, and 
the Type Approval Certificate remains to be updated when the final results are available and 
approved. 
 
15 Given the similarities with the already approved scaled UV unit models, UV dose 
modelling in computational fluid dynamics (CFD) analysis was considered sufficient for 
documenting reactor performance of the three new scaled UV unit models relative to the base 
UV unit model verified in LB testing. 
 
Details of the LB testing with alternate filter 
 
16 LB testing with the BWMS model V20086B340NS00 operated in US mode with a TRC 
of 340 m3/h and equipped with a UV unit V20086 and an aquaBoll BWT DN 200 filter was 
conducted at the DHI Maritime Technology Evaluation Facility in Hundested, Denmark, during 
the period from July to September 2020. Annex 2 includes the executive summary of the LB 
test report. The test specifications and challenge water characteristics were assessed to 
comply with the requirements of the BWMS Code. 
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17 In accordance with paragraph 6.6 of the annex of the BWMS Code, table 1 presents 
the validation of the manufacturer's stated SDL and the corresponding tested ranges in valid 
and successful LB testing with the alternate filter as reported in annex 2. All valid successful 
test cycles were carried out with flow rates that correspond to the measured UVI in accordance 
with the applicable UV dose control curve. LB testing was performed with a UVT lower than 
the UVT of ambient water that would quantitatively meet the minimum required water quality 
criteria. 
 
Table 1: Summary of SDL of the CompactClean BWMS and overview of ranges tested 

in LB testing with the alternate filter (based on the test report in annex 2) 

 

Parameter Unit SDL 
Range in valid and successful 

LB test cycles  

Treatment rated 
capacity (TRC) 

m3/h 340 (1) 
69 – 335 (2) (uptake) 

61 – 337 (2) (discharge) 

Salinity  
of ballast water 

PSU No limitations 0.4 – 28 

Temperature  
of ballast water 

°C No limitations 16 – 21 

Hold time hours No limitations 24 

UV intensity limit at 
maximum and 

minimum TRC(3)  
(UV transmittance (4)) 

W/m2 
880 at 340 m3/h (65%) 

227 at 62 m3/h (42%) 

231 – 1,061 (41 – 76%) (uptake) 
218 – 1,075 (discharge) 

 
(1) The BWMS adjusts the flow rate when treating water of low UVT. 
(2) Flow rates are monitored before the filter and stated values are the range of the average flow rates derived from the BWMS 

log files.  
(3) UVI limits in US mode.  
(4) UV transmittance is only indicative and not a claim. 

 
18 As presented in annex 2, the BWMS met the D-2 standard in three consecutive and 
valid LB test cycles each in fresh water (F-2, F-3 and F-5), brackish water (B-1 to B-3) and 
marine water (M-1 to M-3). The performance of the BWMS with the alternate filter was thus 
validated to the satisfaction of the Danish authorities. 
 
19 The fresh water test cycles F-1 and F-4 failed the D-2 standard for organisms ≥50 μm. 
In the fresh water test cycle F-1, there was a failure of the UV lamp driver resulting in the 
BWMS being operated with only partial UV lamp power (36 kW instead of 48 kW) during part 
of the uptake operations. The uptake for test cycle F-1 was thus partly performed outside the 
performance claim of the CompactClean BWMS. Therefore, test cycle F-1 was considered 
invalid. Investigations performed after test cycle F-4 showed that stagnant untreated water in 
a small pipe section between the filter and UV unit contaminated the treated water at discharge. 
This contamination occurred due to the geometry of the pipe required specific for the 
installation at the test facility and is not expected to occur for installations on board a ship. Test 
cycle F-4 was thus eventually considered invalid due to contamination. 
 
Details of the LB testing with the alternate UV dose control curve 
 
20 LB testing with the BWMS model V20086F515NS00 operated in IMO mode with a 
TRC of 510 m3/h and equipped with a UV unit V20086 and a Filtrex filter ACB-955-250 filter 
was conducted at the DHI Maritime Technology Evaluation Facility in Hundested, Denmark, 
during the period from February to June 2021. Annex 3 includes the executive summary of the 
LB test report.  
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21 The test specifications and challenge water characteristics were assessed to comply 
with the requirements of the BWMS Code, except for the density of organisms in the size class 
≥50 μm in test cycle F-2 which was below the requirements of resolution MEPC.300(72). 
However, the density of organisms in this test cycle did not constitute a significant reduction in 
challenge conditions as the deviation was only 9%. Test cycle F-2 was thus nonetheless 
considered valid. 
 
22 The fresh water test cycle F-4 was cancelled due to an incorrect test water preparation 
procedure. The marine water test cycles M-3 and M-4 were invalid because the densities of 
organisms ≥50 μm in the test water for test cycle M-4 and the control shared by M-3 and M-4 
were lower than the requirements of the BWMS Code. 
 
23 In accordance with paragraph 6.6 of the annex of the BWMS Code, table 2 presents 
the validation of the manufacturer’s stated SDL and the corresponding tested ranges in valid 
and successful LB testing with alternate UV dose control curve as reported in annex 3. All valid 
successful test cycles were carried out with flow rates that correspond to the measured UVI in 
accordance with the applicable UV dose control curve. 
 
Table 2: Summary of SDL of the CompactClean BWMS and overview of ranges tested 

in LB testing with the alternate UV dose control curve (based on the test report in 
annex 3) 

 

Parameter Unit SDL 
Range in valid and successful 

LB test cycles  

Treatment rated 
capacity (TRC) 

m3/h 510 (1) 
89 – 513 (2) (uptake) 

91 – 514 (2) (discharge) 

Salinity  
of ballast water 

PSU No limitations 0.4 – 29 

Temperature  
of ballast water 

°C No limitations 4 – 17 

Hold time 
hour

s 
No limitations 24 – 120 

UV intensity limit at 
maximum and 

minimum TRC(3)  
(UV transmittance 

(4)) 

W/m2 
800 at 510 m3/h (62%) 

170 at 88 m3/h (38%) 

175 – 987 (38 – 77%) (uptake) 
173 – 904 (discharge) 

 
(1) The BWMS adjusts the flow rate when treating water of low UVT. 
(2) Flow rates are monitored before the filter and stated values are the range of the average flow rates derived from the BWMS 

log files.  
(3) UVI limits in IMO mode.  
(4) UV transmittance is only indicative and not a claim. 

 
24 As presented in annex 3, the BWMS met the D-2 standard in two valid test cycles with 
a hold time of 24 hours each in fresh water (F-5 and F-6), brackish water (B-4 and B-5) and 
marine water (M-5 and M-6). To evaluate regrowth as required by paragraph 2.55 of the annex 
to the BWMS Code, the BWMS also met the D-2 standard in two valid test cycles with a hold 
time of 5 days each in fresh water (F-2 and F-3), brackish water (B-1 and B-6) and marine 
water (M-1 and M-2). The performance of the BWMS with the alternate UV dose control curve 
was thus validated to the satisfaction of the Danish authorities. 
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25 The BWMS failed to comply with the D-2 standard for organisms ≥10 and <50 μm in 
the fresh water test cycle F-1. However, the UVI measured by the BWMS in this test cycle was 
below the UVI limit of 170 W/m2. The test cycle was thus performed outside the SDL of the 
BWMS and was considered invalid. 
 
26 The BWMS failed to comply with the D-2 standard for organisms ≥50 μm in the 
brackish water test cycles B-2 and B-3. After the brackish water test cycles B-2 and B-3, 
DESMI Ocean Guard performed an unscheduled maintenance which included UV lamps 
inspection and a diagnostic test on the filter element performance by comparing it with a new 
filter element. It was found that the ability of the old filter element to remove organisms ≥50 μm 
had deteriorated, indicated that the filter element was damaged during storage at temperatures 
below freezing point of the BWMS at the test site during winter. The investigations concluded 
the BWMS failed to comply with the D-2 standard in test cycles B-2 and B-3 because of filter 
element damage, and these two test cycles were considered invalid. 
 
27 Additionally, LB testing of the BWMS with the alternate UV dose control curve in 
combination with the alternate filter (aquaBoll BWT BB DN250) was conducted at the DHI 
Maritime Technology Evaluation Facility in Hundested, Denmark, from July to August 2021. 
The results from these LB tests indicate that the BWMS met the D-2 standard in two valid test 
cycles each in fresh water (F-7 and F-8), brackish water (B-7 and B-8) and marine water (M-7 
and M-8). The LB test report for this testing is not yet finalized. As soon as the final test report 
is available, the Type Approval Certificate will be updated and the current limitation that the 
BWMS shall be operated in US mode only when equipped with the alternate filter will be 
removed. 
 
Scaling 
 
28 Evaluation of scaled units as required by paragraph 4.15 of the BWMS Code 
confirmed that scaled models of the alternate filter have equivalent performance as compared 
to the base model that was used in LB testing. Considering the filtration velocity (flow rate 
divided by screen surface area) of the scaled filter models and when comparing with the 
filtration velocities applied during LB testing, DNV was able to confirm that scaled models of 
the aquaBoll BWT BB filter series are effective if operated at a flow rate that is equal to the 
maximum flow rate stated for each filter model. 
 
29 The same validated CFD model employed for the initial type approval of scaled UV 
unit models was used to evaluate the three new scaled UV unit models and to evaluate the 
performance of all scaled UV units when being operated in the new IMO mode. The provided 
CFD analysis results demonstrate that the three new scaled UV unit models have an equivalent 
performance compared to the base UV unit tested in LB testing of the BWMS. The provided 
CFD analysis results also demonstrate that all other scaled UV unit models have an equivalent 
performance compared to the base UV unit tested in LB testing of the BWMS, both if the 
BWMS is operated in either the IMO mode or US mode of operation. 
 
Action requested of the Committee 
 
30 The Committee is invited to note the information contained in this document. 
 
 

*** 
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TYPE APPROVAL CERTIFICATE
Certificate No:
TAP00002DR

This is to certify:
That the Ballast Water Management System

with type designation(s)
CompactClean BWMS

Issued to
DESMI Ocean Guard A/S 
Nørresundby, Denmark

is found to comply with
IMO Resolution MEPC.300(72) - Code for Approval of Ballast Water Management Systems (BWMS Code)
DNV GL class programme DNVGL-CP-0209 – Type approval – Ballast water management systems
DNV GL rules for classification – Ships

Application :
This is to certify that the Ballast Water Management System listed above has been examined and tested in 
accordance with the requirements of the specifications contained in the BWMS Code (MEPC.300(72)) and DNV 
rules stated above. This certificate is valid only for the Ballast Water Management System referred to above.

System Design Limitations / Limiting Operating Conditions imposed are described in this certificate.

For the compliance with the BWMS Code, the certificate is issued on behalf of the Danish Environmental 
Protection Agency (DEPA) and Danish Maritime Authority (DMA).

Product(s) approved by this certificate is/are accepted for installation on all vessels classed by DNV, unless 
otherwise instructed by relevant Maritime Administrations.

     

Issued at Høvik  on 2021-07-19 
for DNV

   
Dag Sæle-Nilsen

This Certificate is valid until 2023-07-18. 
DNV local station: Denmark CMC

Approval Engineer: Michael Lehmann

Head of Section

This Certificate is subject to terms and conditions overleaf. Any significant change in design or construction may render this Certificate invalid. 
The validity date relates to the Type Approval Certificate and not to the approval of equipment/systems installed. 
  
LEGAL DISCLAIMER: Unless otherwise stated in the applicable contract with the holder of this document, or following from mandatory law, the liability of DNV AS, its 
parent companies and their subsidiaries as well as their officers, directors and employees (“DNV”) arising from or in connection with the services rendered for the 
purpose of the issuance of this document or reliance thereon, whether in contract or in tort (including negligence), shall be limited to direct losses and under any 
circumstance be limited to 300,000 USD. 

nbhatti
Typewritten Text
ANNEX 1
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Name of ballast water management system (BWMS)
CompactClean BWMS

Ballast water management system manufactured by
DESMI Ocean Guard A/S

Place of production
DESMI Pumping Technology A/S DESMI Pumping Technology (Suzhou) Co., Ltd.
Tagholm 1 108 Houdai Street, Suzhou Industrial Park
9400 Nørresundby Suzhou, 215121
Denmark Jiangsu Province
 P.R. China

Type and model designations
The CompactClean BWMS has the model designation VxxxxxFyyyyNS00 for models suitable for non-hazardous areas 
and VxxxxxFyyyyES00 for models suitable for installation in hazardous areas, where

Vxxxxx is the applicable UV unit model (refer to page 4 of this certificate);
Fyyyy is the applicable Filtrex filter model or Byyyy is the applicable BOLLFILTER filter model (refer to page 4 of 
this certificate);
S is the skid mounted delivery type, L is the loose component delivery type, D is the deckhouse delivery type and 
M is the low version of the skid mounted delivery type;
00 is the standard type while B0 or BC is used for BWMS installations with a booster pump and 0C or BC is used 
for a custom made type (in terms of selected pipe materials).

The CompactClean BWMS is available in two versions:
1) CompactClean (CC): The BWMS can only be operated in US mode.
2)  CompactClean OptIMO (OptIMO): The BWMS may be operated either in IMO or US mode.

Equipment / Assembly drawings
The CompactClean BWMS shall be installed in accordance with the documents listed below.

Type Title Drawing No. Revision

Operation, maintenance and 
safety manual (OMSM)

CompactClean DESMI Ocean Guard
BWMS Operation Maintenance and Safety 

Manual
161335 E

Piping and instrumentation 
diagrams (P&ID) Generic P&ID 470300 0

Non-EX 162240 BList of electrical/electronic 
components Component Overview

EX 161576 B
Non-EX VxxxxxFyyyyNS00 (1) AGeneral arrangement (GA) 

drawings Arrangement drawing
EX VxxxxxFyyyyES00 (1) A

Non-EX 470540 C2
Electrical diagrams Cable plan

EX 470541 C1

(1) Refer to the above description of the CompactClean BWMS model designation and the tables on page 4 for the UV unit models and filter models.

Other equipment manufactured by
The CompactClean BWMS applies either filters of the ACB series (20 μm woven mesh) manufactured by Filtrex or filters 
of the aquaBoll BWT BB series (25 μm woven mesh) manufactured by Boll & Kirch Filterbau (BOLLFILTER).
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Treatment Rated Capacity
35 – 2500 m3/h

Product description
Treatment sequence:

 Ballast water uptake: Filtration followed by UV treatment

 Ballast water discharge: UV treatment

System design limitations / Water quality parameters
Temperature & salinity
Neither temperature nor salinity of the ballast water is a limiting condition for the CompactClean BWMS.

System design limitations / Operational parameters
Holding time
The CompactClean BWMS, when operated in the IMO or US mode, has demonstrated performance to the discharge 
standard with a minimum holding time between uptake and discharge of 24 hours in land-based testing in each of the 
three salinity ranges. UV treatment is instant and does not require any hold time in a ballast tank to render organisms 
non-viable. Therefore, holding time is not found to be a limiting condition for the BWMS.

UV dose
The CompactClean BWMS monitors UV intensity (UVI) and automatically dims the UV lamp power (maximum dimming 
is 20% of maximum rated lamp power) when UVI exceeds a defined UVI limit in order to maintain a constant UVI at that 
limit.
At lower UVT levels, the CompactClean BWMS automatically adjusts the flow rate with the flow control valve W1-RM2. 
Optionally, the ballast water flow rate may also by controlled through an additional variable frequency drive installed on 
the ballast water pump.
The CompactClean BWMS has two compliance modes: IMO mode and US mode. The UVI limits for dimming of the UV 
lamp power, the UVI limits for operating at TRC of the UV unit and the lowest UVI for which the BWMS is type approved 
are stated below for these two compliance modes. The same UVI limits apply to all UV unit models.

Compliance mode

UVI limit for dimming of the 
UV lamp power 

[W/m2]

UVI limit for operating at 
TRC of UV unit (1)

[W/m2]

Lowest UVI limit for which 
BWMS is type approved (2)

[W/m2]
IMO mode 900 800 170
US mode 1000 880 227

(1) As per the CFD analyses provided, this UVI limit corresponds to an UVT of 62% (IMO mode) or 65% (US mode).
(2) The lowest UVT at which land-based tests confirmed treatment in compliance with the discharge standard was 35% (IMO mode) or 40% (US mode).

The BWMS may be operated in either the IMO mode or the US mode when equipped with filters of the ACB series 
manufactured by Filtrex. When equipped with filters of the aquaBoll BWT BB series manufactured by BOLLFILTER, the 
CompactClean BWMS shall be operated in US mode only.
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Treatment Rated Capacity
For ballast water uptake, the Treatment Rated Capacity (TRC) of a specific CompactClean BWMS model is limited by 
the maximum flow rate of either the selected UV unit model or the selected filter model, whichever is lower. The TRC for 
ballast water discharge is limited by the maximum flow rate of the selected UV unit model.
The treatment flow rate is monitored by a flowmeter at the BWMS inlet (before filter). 
The maximum flow rate of the different UV unit models, Filtrex ACB filter models and BOLLFILTER aquaBoll BWT BB 
filter models are stated below.

Maximum flow rate [m3/h]
UV unit model IMO mode US mode

V10024 60 40
V15044 135 85
V15064 240 135
V20066 370 250
V20086 510 340
V25126 750 500
V30186 1 200 750
V35246 1 650 1 000
V40366 2 500 1 500

Filter 
model

Filtrex
filter model

Maximum 
flow rate

[m3/h]
Filter 
model

BOLLFILTER 
filter model

Maximum 
flow rate

[m3/h]
F0035 ACB-903-65 35 B0050 aquaBoll BWT BB 280x235 DN 80 50
F0055 ACB-904-80 55 B0100 aquaBoll BWT BB 330x335 DN 100 100
F0087 ACB-906-100 87 B0170 aquaBoll BWT BB 400x395 DN 150 170
F0135 ACB-910-150 135 B0340 aquaBoll BWT BB 430X735 DN 200 340
F0190 ACB-915-150 190 B0515 aquaBoll BWT BB 540x835 DN 250 515
F0255 ACB-935-200 255 B0770 aquaBoll BWT BB 580x1235 DN 300 770
F0340 ACB-945-200 340 B1040 aquaBoll BWT BB 700x1235 DN 350 1040
F0515 ACB-955-250 515 B1500 aquaBoll BWT BB 800X1235 DN 400 1500
F0770 ACB-985-300 770 B2000 aquaBoll BWT BB 1000x1535 DN 500 2000
F1040 ACB-999-350 1040 B2500 aquaBoll BWT BB 1200x1535 DN 600 2500
F1500 ACB-9100-400 1500 B3000 aquaBoll BWT BB 1400x1535 DN 600 3000
F2100 ACB-9120-500 2100
F3000 ACB-9200-600 3000

Pressure
The minimum and maximum system operating pressure and the differential pressure triggering backflushing are listed 
below.

Minimum pressure 
at filter inlet

Maximum 
operating pressure

Filter differential 
pressure triggering 

backflushing
Maximum filter 

differential pressure
1.3 bar

(2 bar recommended) 10 bar 0.3 bar 1.1 bar
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Control and monitoring equipment
Software version
The CompactClean BWMS is type approved with the system control software version 1.XX.YYYY. In the software 
version the “1” represents the final version number of the software. The final version of the software is the approved 
major version. The final version is incremented by one in case of any change to the control and operating philosophy of 
the CompactClean BWMS. The “YYYY” represents the build version and is incremented by one for minor changes such 
as bugfixes. When build versions are approved, the release version is incremented by one.
Any changes to the software are to be recorded as long as the system is in use on board. Records of any software 
changes resulting in a revision of the final version number or any changes to the hardware are to be forwarded to DNV 
for evaluation. Testing of the application functions of the revised software may be required.

Safety measures
The CompactClean BWMS is type approved with the following instruments for monitoring the safe operation of the 
BWMS and for activating, as necessary, an automatic shutdown of the BWMS:

 Pressure transmitters W1-H1-BP1 and W1-H1-BP2

 UV unit temperature sensor W1-V1-BT1 (arranged with safety function independent of BWMS control)

 Flowmeter W1-BF1

 UV unit level switch W1-BL1

Electrical and electronic components
The CompactClean BWMS is type approved with the electrical and electronic components (including the above listed 
instruments for monitoring safe operation of the BWMS) indicated on the P&ID and specified on the list of 
electrical/electronic components. Except for the components listed below, alternate models to the ones specified on the 
list of electrical/electronic components may be used provided that information regarding the selected components is part 
of the documentation related to the specific installation, by providing either a reference to a valid type approval 
certificate or technical documentation demonstrating that the selected component was subject to environmental testing 
as per IACS UR E10 (rev. 6).
For the following electrical and electronic components, only the models specified below shall be used:

Tag No. Component name Manufacturer Model(s)
UC01 Main panel DESMI Ocean Guard -
UC03 External control box DESMI Ocean Guard -

W1-V1-EA UV lamps DESMI Ocean Guard 4 kW, 6 kW
W1-V1-BR1 UV sensor IL Metronic Sensortechnik SUV 20.2

EMC in the range 2 GHz to 6 GHz according to DNVGL-CG-0339 (December 2019) and IACS UR E10 (rev. 7), has not 
been documented for relevant electrical and electronic components of the CompactClean BWMS. EMC up to 6 GHz 
must additionally be documented for these components for installation on ships contracted for construction on or after 
2022-01-01.

Hazardous area / Ex-proof
The EX models of the CompactClean BWMS, with the exception of the main panel and the variable frequency drive, 
have been found to be in compliance with DNV rules for classification of ships Pt.4 Ch.8 Sec.11 and are suitable for use 
in hazardous area Zone 1. The main panel and variable frequency drive must be located in non-hazardous areas.
The applicable IECEx classifications are IECEx EX II 2G Ex IIB T4 Gb, IECEx EX II 2G Ex IIC T4 Gb and IECEx EX II 
2G Ex IIB + H2 T4 Gb.
Installations in a hazardous area are to be approved in each case according to the rules and Ex-certification / special 
condition for safe use listed in a valid Ex-certificate issued by a notified/recognized Certification Body. Ex-certification is 
not covered by this certificate.



Job Id: 262.1-035140-1 
Certificate No: TAP00002DR

 

Form code: TA 251 Revision: 2021-03 www.dnv.com Page 6 of 11

Documents approval
The following documentation is to be submitted for approval for each BWMS installation:

 Piping and Instrumentation Diagram (P&ID) of the ballast system including the treatment system installation

 QC SAT Test Report for CompactClean

 Interface description towards ship’s existing systems including alarms for failure

Type approval documentation
Test plan and reports:

 DHI: Biological efficacy performance evaluation of CompactClean Ballast Water Management System in land-
based test - Land-based test report (Project No. 11821290,Final report version 2, 2018-09-20)

 DHI: Biological efficacy performance evaluation of CompactClean Ballast Water Management System in 
shipboard test – Shipboard test report (Project No. 11821290, Final report version 2, 2018-09-21)

 DHI: Biological efficacy performance evaluation of CompactClean Ballast Water Management System in land-
based test - Land-based test report (Project No. 11824997,Final report, 2020-12-07)

 DHI: Biological efficacy performance evaluation of CompactClean Ballast Water Management System in land-
based test (Project No. 11825920, Final report, 2021-07-02)

 FORCE Technology: Test report – Marine type testing of DESMI CompactClean BWMS (Report No. 117-
36341-1, revision 1)

System documentation:
 DESMI Ocean Guard: CompactClean BWMS Operation Maintenance and Safety Manual (Document ID 

161335, rev E)

 DESMI Ocean Guard: Design Study Filtrex Filter vs. Boll Filter (V.A. 16.07.2021)

 DESMI Ocean Guard: Hold Time Limitation of CompactClean BWMS (Version 1)

 DESMI Ocean Guard: QC SAT Test Report for CompactClean (QC SAT LCD NEX, rev A)

 DESMI Ocean Guard: QC SAT Test Report for CompactClean (QC SAT LCD IEX, rev A)

 DESMI Ocean Guard: Instruction - Control of circuit diagrams, control programs and set parameters for BWMS 
controls (Document ID 158338, version 7)

 DESMI Ocean Guard: FMEA - Two layers of safety to protect the system against overheating due to UV-lamp 
operating without control system

 R & R Consult: Scaling of CompactClean UV disinfection unit (Desmi-180530- USCG report)

 R & R Consult: CompactClean IMO-scaling (DESMI-210609-CompactClean IMO-scaling)

 DNV: Evaluation test report - Equivalence of the aquaBoll BWT, BWT RB and 6.18.3 filter designs (Report No.: 
262.1-034941-J-3, Rev. 0)

Tests carried out
 Land-based testing from September 2017 to April 2018 with a CompactClean BWMS with a TRC of 340 m3/h 

operated in US mode and equipped with a UV unit V20086 and a Filtrex filter ACB-945-200

 Shipboard testing from November 2017 to June 2018 with a CompactClean BWMS with a TRC of 1000 m3/h 
operated in US mode and equipped with a UV unit V35246 and a Filtrex filter ACB-999-350

 Additional land-based testing from July to September 2020 with a CompactClean BWMS with a TRC of 
340 m3/h operated in US mode and equipped with a UV unit V20086 and a BOLLFILTER filter aquaBoll BWT 
DN200

 Additional land-based testing from February to June 2021 with a CompactClean BWMS with a TRC of 510 m3/h 
operated in IMO mode and equipped with a UV unit V20086 and a Filtrex filter ACB-955-250

 Environmental testing in accordance with DNV class guidelines for Environmental test specification for 
electrical, electronic and programmable equipment and systems (DNVGL-CG-0339, November 2016) and 
IACS UR E10 (rev. 6)
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Marking of product
For traceability of this type approval, each treatment system is to be marked with:

 Manufacturer’s name or trademark

 Type designation

 Serial number

Periodical assessment

For retention of the Type Approval, DNV Surveyor shall perform periodical assessments to verify that the conditions of 
the TA are not altered since the certificate was issued.

The scope of periodical assessment includes:

 Review of the TA documentation and verification that the documentation is still used as basis for the 
production;

 Review of possible changes in design, material and performance of the product:

 Verification of the company’s production and quality systems ensuring continued consistent production of the 
type approved products to the required quality;

 Verification that the product marking for identification and traceability to the TA Certificate is not altered.

Copy of type approval certificate
A copy of this type approval certificate should always be carried on board a vessel fitted with this ballast water 
management system. An annex containing the summary reports of the test results of land-based and shipboard tests 
should be available for inspection on board the vessel.

Revision history of this certificate
Revision No. Date of Issuance Description

- 2021-07-19

First issue of DNV type approval. The CompactClean BWMS received initial 
BWMS Code type approval on 2018-09-21 by Lloyd's Register EMEA 
(Certificate No. CPN1700108) on behalf of the Danish Environmental 
Protection Agency (DEPA) and Danish Maritime Authority (DMA).
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ANNEX: SUMMARY OF TESTING
Land-based testing
Table 1   Test water conditions and operational parameters in land-based testing at the DHI Maritime Technology Evaluation 
Facility in Hundested, Denmark, from September 2017 to April 2018 with a CompactClean BWMS with a TRC of 340 m3/h 
operated in US mode and equipped with a UV unit V20086 and a Filtrex filter ACB-945-200

Test cycle

Water 
temperature

[°C]
Salinity
[PSU]

UV-T
[%]

DOC
[mg/L]

POC
[mg/L]

TSS
[mg/L]

Holding 
time

[days]

Average UVI at 
ballasting

[W/m2]

Average flow rate 
before filtration

[m3/h]
F-3 13 0.37 54 6.7 5.4 59 5 552 ± 6 193
F-4 13 0.37 54 6.7 5.4 59 5 549 ± 5 192
F-5 8.9 0.36 47 11 6.2 59 1 318 ± 3 99
F-6 9 0.36 47 11 6.2 59 1 317 ± 2 98
F-7 6.9 0.36 45 11 5.9 51 5 280 ± 3 82
B-1 15 18 42 18 9.4 60 1 245 ± 3 104
B-2 12 19 56 13 7.2 58 5 498 ± 2 174
B-3 12 19 56 13 7.2 58 5 498 ± 2 174
B-4 4.9 19 65 7.6 7.1 54 1 876 ± 5 330
B-5 5 19 65 7.6 7.1 54 1 877 ± 19 328
M-1 6.3 29 68 7.3 6.2 61 1 926 ± 13 332
M-2 6.3 29 68 7.3 6.2 61 1 922 ± 21 332
M-3 1.2 28 62 7.6 10 81 5 889 ± 16 329
M-4 1.3 28 62 7.6 10 81 5 888 ± 21 329
M-5 2.5 28 71 7 8 58 6 1 025 ± 12 332

Table 2   Average numbers of live organisms in inlet and treated discharge water during land-based testing from September 
2017 to April 2018. Live organisms ≥10 and <50 µm were quantified by microscopy counting after staining with CMFDA/FDA. 
All counts of pathogenic bacteria (E. coli, Enterococci and Vibrio cholerae) in treated water were below the ballast water 
discharge standard.

Organism densities in inlet water Organisms densities in discharge water
Organisms ≥50 µm

[organisms/m3]
Organisms ≥10-<50 µm 

[organisms/mL]
Test cycle

Organisms 
≥50 µm

[organisms/m3]

Organisms
 ≥10-<50 µm

[organisms/mL] Treated Control Treated Control
F-3 502 350 1 108 0 0.83
F-4 523 742 1 179 0

258 169 (1)

1.3
1 159 (1)

F-5 468 556 3 456 4.6 7
F-6 311 073 3 091 0.57

208 074 (1)

8
2 014 (1)

F-7 346 614 2 936 0 177 753 5.0 1 850
B-1 244 114 1 373 1.0 96 060 9.3 890
B-2 188 653 1 094 0 3.5
B-3 232 694 1 183 0.33

62 781 (1)

4.8
1 941 (1)

B-4 251 153 1 424 0 6.5
B-5 191 233 1 073 0

50 519 (1)

5.0
790 (1)

M-1 174 522 2 100 4.0 6.0
M-2 158 542 1 807 0

60 671 (1)

4.7
1 466 (1)

M-3 229 531 6 839 0 0.17
M-4 221 678 7 750 0

135 936 (1)

0.83
771 (1)

M-5 286 653 3 976 0 68 507 0 741

(1) Two tests cycles were performed on the same day using the same control water tank.



Job Id: 262.1-035140-1 
Certificate No: TAP00002DR

 

Form code: TA 251 Revision: 2021-03 www.dnv.com Page 9 of 11

Table 3   Test water conditions and operational parameters in additional land-based testing at the DHI Maritime Technology 
Evaluation Facility in Hundested, Denmark, from July to September 2020 with a CompactClean BWMS with a TRC of 340 m3/h 
operated in US mode and equipped with a UV unit V20086 and a BOLLFILTER filter aquaBoll BWT DN200

Test cycle

Water 
temperature

[°C]
Salinity
[PSU]

UV-T
[%]

DOC
[mg/L]

POC
[mg/L]

TSS
[mg/L]

Holding 
time

[days]

Average UVI at 
ballasting

[W/m2]

Average flow rate 
before filtration

[m3/h]
F-2 21 0.42 49 8.6 9.5 64 1 417 ± 2 141
F-3 18 0.37 50 8.6 7.3 62 1 435 ± 2 151
F-5 16 0.42 41 13 6.1 60 1 244 ± 1 71
B-1 17 18 43 18 10 67 1 231 ± 5 69
B-2 19 18 60 11 8.5 67 1 582 ± 5 212
B-3 19 18 60 11 8.5 67 1 582 ± 4 211
M-1 18 28 62 10 7.9 63 1 649 ± 11 235
M-2 19 28 76 7.2 6.0 37 1 1 061 ± 7 332
M-3 19 28 76 7.2 6.0 37 1 1 037 ± 9 335

Table 4   Average numbers of live organisms in inlet and treated discharge water during additional land-based testing from 
July to September 2020. Live organisms ≥10 and <50 µm were quantified by microscopy counting after staining with 
CMFDA/FDA. All counts of pathogenic bacteria (E. coli, Enterococci and Vibrio cholerae) in treated water were below the 
ballast water discharge standard.

Organism densities in inlet water Organisms densities in discharge water
Organisms ≥50 µm

[organisms/m3]
Organisms ≥10-<50 µm 

[organisms/mL]
Test cycle

Organisms 
≥50 µm

[organisms/m3]

Organisms
 ≥10-<50 µm

[organisms/mL] Treated Control Treated Control
F-2 384 167 1 222 0 166 194 0.83 867
F-3 539 911 1 778 0.52 224 049 3.8 1 376
F-5 199 944 1 589 0 92 333 2.3 1 614
B-1 347 194 1 221 1.7 218 283 0.33 807
B-2 149 392 1 195 0.33 2.2
B-3 177 631 1 213 1.7

83 495 (1)

1.7
1 886 (1)

M-1 192 889 2 627 2.7 85 452 1.2 808
M-2 127 372 939 (2) 1.3 0.50
M-3 133 011 1 052 0

83 272 (1)

0.33
683 (1)

(1) Two tests cycles were performed on the same day using the same control water tank.
(2) The density of organisms in the size class ≥10-<50 µm in test cycle M-2 was below the requirements of MEPC.300(72). However, DNV evaluated and 

found that the density of organisms in the size class ≥10-<50 μm in the source water in this test cycle does not constitute a significant reduction in 
challenge conditions given that the deviations in challenge conditions were only 6%.
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Table 5   Test water conditions and operational parameters in additional land-based testing at the DHI Maritime Technology 
Evaluation Facility in Hundested, Denmark, from February to June 2021 with a CompactClean BWMS with a TRC of 510 m3/h 
operated in IMO mode and equipped with a UV unit V20086 and a Filtrex filter ACB-955-250

Test cycle

Water 
temperature

[°C]
Salinity
[PSU]

UV-T
[%]

DOC
[mg/L]

POC
[mg/L]

TSS
[mg/L]

Holding 
time

[days]

Average UVI at 
ballasting

[W/m2]

Average flow rate 
before filtration

[m3/h]
F-2 9.3 0.41 59 8.8 5.3 63 5 631± 5 401
F-3 9.5 0.41 59 8.8 5.3 63 5 626± 3 398
F-5 9 0.42 39 16 7.8 54 1 180± 0.6 95
F-6 12 0.44 42 15 7.3 64 1 221± 0.8 123
B-1 4.3 19 38 16 12 63 5 175± 3 89
B-4 4.1 20 55 12 5.7 71 1 441± 2 272
B-5 4.3 20 55 12 5.7 71 1 438± 2 269
B-6 5.4 19 43 16 9.4 71 5 224± 2 125
M-1 8.8 29 77 7.0 5.8 46 5 987± 3 513
M-2 8.9 29 77 7.0 5.8 46 5 987± 3 512
M-5 17 28 66 10 5.4 70 1 527± 2 330
M-6 17 28 66 10 5.4 70 1 526± 2 329

Table 6   Average numbers of live organisms in inlet and treated discharge water during additional land-based testing from 
February to June 2021. Live organisms ≥10 and <50 µm in the inlet water were quantified by microscopy counting after 
staining with CMFDA/FDA. Viable organisms ≥10 and <50 µm in discharge water were quantified by MPN Dilution Culture + 
Motility. All counts of pathogenic bacteria (E. coli, Enterococci and Vibrio cholerae) in treated water were below the ballast 
water discharge standard.

Organism densities in inlet water Organisms densities in discharge water
Organisms ≥50 µm

[organisms/m3]
Organisms ≥10-<50 µm

[organisms/mL]
Test cycle

Organisms 
≥50 µm

[organisms/m3]

Organisms
 ≥10-<50 µm

[organisms/mL] Treated Control Treated Control
F-2 90 889 (1) 2 144 0.33 3.0
F-3 109 111 2 018 0

75 310 (2)

6.5
>2 700 (2)

F-5 148 211 2 143 0 101 338 1.1 >2 700
F-6 295 250 1 987 4.0 172 150 1.5 >2 700
B-1 276 217 2 453 0 33 441 <0.06 770
B-4 114 567 1 833 9.0 1.9
B-5 176 850 1 869 4.7

59 647 (2)

3.2
>2 700

B-6 180 570 1 547 3.0 50 163 0.25 450
M-1 213 500 1 722 0 <0.06
M-2 201 583 1 504 0

134 107 (2)

<0.06
440 (2)

M-5 230 111 1 720 0 0.12
M-6 267 167 1 436 0.33

134 132 (2)

0.46
920 (2)

(1) The density of organisms in the size class ≥50 µm in test cycle F-2 was below the requirements of MEPC.300(72). However, DNV evaluated and 
found that the density of organisms in the size class ≥50 μm in the source water in this test cycle does not constitute a significant reduction in 
challenge conditions given that the deviations in challenge conditions were only 9%.

(2) Two tests cycles were performed on the same day using the same control water tank.
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Shipboard testing
Table 7   Test water conditions and operational parameters in shipboard testing from November 2017 to June 2018 with a 
CompactClean BWMS with TRC of 1000 m3/h operated in US mode and equipped with a UV unit V35246 and a Filtrex filter 
ACB-999-350 on board the general cargo ship PROVIDANA (IMO No. 9380788)

Test cycle

Water 
temperature

[°C]
Salinity
[PSU]

UV-T
[%]

DOC
[mg/L]

POC
[mg/L]

TSS
[mg/L]

Holding 
time
[hr]

Average 
UVI at 

ballasting
[W/m2]

Average flow rate 
before filtration

[m3/h]
1 11 7.9 86 3.7 <0.17 11 23 1 062 ± 16 993
2 16 28 93 1.2 0.34 10 143 1 027 ± 94 983
3 15 28 93 1.2 0.35 30 131 1 061 ± 9 986
4 24 37 91 1.0 0.33 54 67 702 ± 12 836
5 23 37 95 0.99 0.21 48 45 840 ± 5 991

Table 8   Average numbers of live organisms in inlet and treated discharge water during shipboard testing. Live organisms 
≥10 and <50 µm were quantified by microscopy counting after staining with CMFDA/FDA. All counts of pathogenic bacteria 
(E. coli, Enterococci and Vibrio cholerae) in treated water were below the ballast water discharge standard.

Organisms ≥50 µm
[organisms/m3]

Organisms ≥10-<50 µm
[organisms/mL]

Test cycle Influent water Treated discharge Influent water Treated discharge
1 15 395 1.3 114 0.17
2 10 911 1.1 153 0.33
3 12 749 2.4 106 0.17
4 32 677 1.2 109 0.17
5 29 207 5.0 106 0.17
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 Quality Compliance Statement 

This report shall not be reproduced except in full, without written approval of DHI A/S. 

• The biological efficacy performance evaluation of the ballast water management 

system (BWMS) was conducted as required in the United States Coast Guard 

Standards for Living Organisms in Ships’ Ballast Water Discharged in U.S. Waters 

[33 CFR 151 and 46 CFR 162. Federal Register, Vol. 77, No. 57, March 23, 2012] 

and the Ballast Water Management Convention and the BWMS Code [Ballast Water 

Management Convention and BWMS Code; Resolution MEPC. 300(72), April 13, 

2018] 

• The report contains no known errors, omissions or false statements 

The main part of the report (pages 1 to 142) was prepared in compliance with the 

international standard ISO/IEC 17025. 

The methods described below were conducted in compliance with ISO/IEC 17025. These 

methods collectively cover all essential parts of the biological performance evaluation of 

the BWMS in the land-based test. 

DHI SOP Specification of method 

30/1738 Sampling – preparation, subsampling and transportation of samples (land-based test) 

30/1769 Determination of dissolved organic carbon (DOC) and particulate organic carbon (POC) 

30/530 Determination of total suspended solids (TSS) 

30/1700 Determination of live organisms ≥50 µm 

30/1701 Determination of live organisms ≥10 and <50 µm 

30/1706 Determination of live organisms <10 µm – heterotrophic plate count 

30/1708 Determination of live organisms <10 µm – total coliforms, E. coli and enterococci 

30/1707 Determination of live organisms <10 µm – Vibrio cholerae 
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1 Executive summary 

DHI provides independent performance evaluation of ballast water management systems 

(BWMS) for the approval process. The purpose of the performance evaluation is to 

assure that BWMS approved by administrations are capable of meeting the ballast water 

discharge standard in land-based and shipboard tests. The system evaluated in the 

present report will be described as the CompactClean Ballast Water Management 

System (hereafter CompactClean BWMS). 

DHI has previously conducted and completed a land-based test from September 2017 to 

April 2018 for type approval of CompactClean BWMS manufactured by DESMI Ocean 

Guard. The CompactClean BWMS in the previous land-based test was equipped with a 

Filtrex ACB (single basket, woven mesh 20 μm) mechanical filtration unit and received 

Certificate of Approval by U.S. Coast Guard on 16 April 2019 and its amendment on 01 

July 2019. The results of the previous land-based test are available in the test report 

[Biological efficacy performance evaluation of CompactClean Ballast Water Management 

System in land-based test, Final Report, Project 11821290, 2018.09.20]. In addition, DHI 

has also conducted and completed a land-based test with short holding time of 

CompactClean BWMS with Filtrex ACB in December 2018. The results of the additional 

land-based test with short holding time are available in the test report [Biological efficacy 

performance evaluation of CompactClean Ballast Water Management System in land-

based test – Supplementary test cycles with short holding time, Final Report, Project 

11821290, 2019.03.22].  

From July to September 2020, DHI conducted the present land-based test for type 

approval of CompactClean BWMS, which was equipped with a different filtration unit 

compared with the CompactClean BWMS tested from 2017 to 2019. The present land-

based test was performed with Lloyd’s Register EMEA as the Independent Laboratory 

under the principles of alternate filter testing. The CompactClean BWMS was equipped 

with a 25 µm Bollfilter (model: AquaBoll 6.16.3 BWT) manufactured by Bollfilter during 

this land-based evaluation.  

The general objective of the present project was to conduct a biological performance 

evaluation of the CompactClean BWMS manufactured by DESMI Ocean Guard at a land-

based facility with the aim to meet the testing requirements for type approval testing in 

the United States Coast Guard Standards for Living Organisms in Ships’ Ballast Water 

Discharged in U.S. Waters [33 CFR Part 151 and 46 CFR Part 162. Federal Register, 

Vol. 77, No. 57, March 23, 2012; hereafter referred to as the U.S. Coast Guard 

standards] and the Code for Approval of Ballast Water Management Systems (BWMS 

Code) [IMO. Resolution MEPC. 300(72), 2018; hereafter referred to as the BWMS Code]. 

The specific objective was to conduct a biological performance evaluation to meet the 

requirement of alternate filter testing in accordance with the U.S. Coast Guard Frequently 

Asked Questions [USCG, Ballast Water Frequently Asked Questions, Revised April 2018] 

item number 12.5. 

The test waters used for the land-based test cycles in fresh, brackish and marine waters 

were prepared in accordance with the Generic Protocol for the Verification of Ballast 

Water Treatment Technology [ETV protocol; U.S. Environmental Protection Agency, 

Environmental Technology Verification Program, September, 2010] and the BWMS Code  

and complied with the requirements excepted from situations described in deviations to 

the Test Plan. During the performance evaluation of the CompactClean BWMS, the 

testing procedures and the applied quality assurance (QA) and quality control (QC) were 

consistent with the U.S. Coast Guard requirements, the ETV protocol and the BWMS 

Code. Furthermore, DHI’s testing procedures, and particularly the preparation of test 

waters, were supported by internal validation studies [Summaries of validation studies of 
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conditions and procedures applied in type approval tests of ballast water management 

systems; this report Appendix H]. 

The basic treatment principles of CompactClean BWMS (Model: CC-340) are mechanical 

filtration and disinfection by an ultraviolet (UV) radiation unit.  

The BWMS applies a 25 µm Bollfilter [hereafter referred to as the Bollfilter] to remove 

organisms and suspended matter. The organisms and suspended matter collected by the 

filtration unit are returned to the ambient water by an auto back-flushing function. The 

filtration unit is bypassed during de-ballasting. 

Before initiation of the land-based test, DESMI Ocean Guard described a technology 

performance claim including limitations for the treatment performance of the 

CompactClean BWMS (Model: CC-340), which was included in Section 3.2 of the Test 

Plan (Appendix B). The performance in the Test Plan is reproduced below: 

“DESMI Ocean Guard A/S states that the CompactClean BWMS meets the following 

treatment and operation standards (with reference to the information required in the ETV 

protocol, Section 3.2) and MEPC 279(70): 

• The BWMS is designed to accomplish the ballast water discharge standard in 

BWMS Code and U.S. Coast Guard Standards, §151.2030, which should be 

supported by quantitative measures of biological treatment efficacy expressed as a 

concentration upon discharge of the specified organism size classes 

• Max allowable flow rate is 340 m3/h for UV-Transmission (UV-T) levels from 0.63 

and upwards 

• The CompactClean system has no limitations regarding water salinity or temperature 

• As regards the system capability of dealing with low UV-transmission water (in-

transparent water) it is carefully designed in order to match real-life operating 

conditions. The system will be able to operate at full flow from UV-T 1.0 down to 

UVT approx. 0.63, where after flow is reduced in order to cope with even lower UV-

T. See below flow control curve based on UV-T. The flow control is based on the UV 

Intensity (UV-I) measurement inside the UV unit, and flow reduction starts when UV-I 

is 880 W/m2 or less. See flow control curve based on UV-I. 
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• The CompactClean system can be expected to achieve the ballast water discharge 

standard under all normal maritime environmental conditions, with no salinity or 

temperature limitations. The only known limitations are related to UV-T of test water 

• Concentration of disinfection residuals, by-products and toxicity: Not applicable 

• For power requirements, see the technical description in Appendix A of Test Plan 

(Appendix B) 

• The projected meantime between failures is 6,000 operating hours provided 

operation and maintenance schedules are adhered to.” 

DESMI Ocean Guard did not change the performance claim during the land-based 

evaluation. However, before the last test cycle F-5, DESMI Ocean Guard implemented an 

additional step in the process sequence before the ballasting and de-ballasting 

operations. The additional step was a draining procedure from a drainage point on the 

connecting pipe between the filter unit and the UV unit. The additional step was 

introduced after a diagnostic test. A diagnostic test was performed after test cycle F-4 

and showed that untreated water was stagnant in the small pipe section between filter 

unit and UV unit. The untreated water was stagnant because the geometry of the small 

pipe section which was installed specific at the test facility to accommodate the filter unit 

size in the BWMS’ container. This additional step was described in Amendment 2 to the 

Test Plan (Appendix B). 

During the land-based test, the aim was to test the CompactClean BWMS equipped with 

the Bollfilter according to DESMI Ocean Guard’s performance claim. Table 1.1 

summarises the results of the measurements obtained during the land-based test that are 

related to the performance claim.  

Table 1.1 Measurements during the land-based test of parameters with relevance for performance claim of 

CompactClean BWMS.  

Test 

cycle 

Salinity 

(PSU) 

UV-T4) (%) UV-I5) 

(W/m2) 

Flow rate6) 

(m3/h) 

Holding time 

(Days) 

Energy 

consumption7) 

(kWh/100 m3) 

F-11) 0.40 50 (70) 429-447 

(438 ± 2) 

150 1 42 
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Test 

cycle 

Salinity 

(PSU) 

UV-T4) (%) UV-I5) 

(W/m2) 

Flow rate6) 

(m3/h) 

Holding time 

(Days) 

Energy 

consumption7) 

(kWh/100 m3) 

F-2 0.42 49 (69) 412-424 

(417 ± 2) 

141 1 45 

F-3 0.37 50 (71) 430-440 

(435 ± 2) 

151 1 61 

F-42) 0.35 40 (62) 274-291 

(281 ± 3) 

86 1 91 

F-5 0.42 41 (59) 240-248 

(244 ± 1) 

71 1 95 

B-1 18 43 (54) 209-274 

(231 ± 5) 

69 22 hours 92 

B-23) 18 60 (74) 571-594 

(582 ± 5) 

212 1 29 

B-3 18 60 (74) 571-595 

(582 ± 4) 

211 1 29 

M-1 28 62 (79) 626-667 

(649 ± 11) 

235 1 34 

M-23) 28 76 (87) 1,050-1,078 

(1,061 ± 7) 

332 1 28 

M-3 28 76 (87) 962-1,055 

(1,037 ± 9) 

335 1 22 

1) Test cycle was performed outside performance claim: UV lamp driver no. 2 failed during the last 10 minutes of de-ballast 

operation (see Amendment No.1) 

2) Test cycle was considered as invalid: discharge water mixed with untreated water (see Amendment No. 2) 

3) This test cycle and the following test cycle were run consecutively by use of the same test water and the same control 

4) UV-T measured during ballast operation; numbers in parentheses indicate value obtained after the sample was filtered 

through a 0.45-µm syringe filter upon receipt at the DHI laboratory 

5) UV-I range, average UV-I ± standard deviation in parentheses recorded at stable operating conditions during ballast 

operation; the data were extracted from the BWMS log 

6) Flow rate measured before filtration unit 

7) Energy consumption measured during ballast operation 

The land-based test was performed in accordance to DHI’s Quality Assurance Project 

Plan (QAPP version 5.4, included in the Test Plan, Appendix B). A total of 11 biological 

efficacy (BE) test cycles (3 brackish water, 3 marine water, and 5 fresh water) were 

conducted, and 6 operation and maintenance (O&M) test cycles (with a total of 55.6 

operation hours) were performed. The following pairs of test cycles were run 

consecutively by use of the same test water and the same control: BE test cycles B-2 and 

B-3; BE test cycles M-2 and M-3. 
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The CompactClean BWMS was operated independently by DHI staff during all BE test 

cycles and O&M test cycles. Staff from DESMI Ocean Guard were only present at the 

test facility during the first test cycle, C-1 and not present at the test facility during the 

other test cycles. 

Table 1.2 summarises the test water conditions applied for the three water qualities, i.e., 

fresh, brackish and marine waters, and includes information on salinity, temperature, 

specific information on physical-chemical augmentation (dissolved organic carbon (DOC), 

particulate organic carbon (POC) and total suspended solid (TSS)) and live organisms 

(total count and standard test organisms (STOs) in percent of total count). 

During the land-based test cycle M-2 (Inlet to BWMS), the total density of live organisms 

≥10 and <50 µm in the test water was lower than the requirement in the ETV protocol /2/ 

and the BWMS Code /4/ of minimum 1,000 organisms/mL. In test cycle M-2, the average 

density of live organisms ≥10 and <50 μm in the inlet to BWMS was 939 organisms/mL. 

The density of organisms ≥10 and <50 μm in BE test cycle M-2 was adequate for a 

reliable evaluation of the effect of the treatment by the BWMS, and it was within the 10% 

allowance for the minimum required conditions for land-based testing described in USCG 

FAQ 2018 /8/. This deviation is described in Deviation No. 1 to the Test Plan (Appendix 

B) 

The land-based test with CompactClean BWMS was performed with test waters with UV 

transparency (UV-T) levels meeting the requirements in the BWMS Code [Resolution 

MEPC. 300(72), 2018: Section 2.30]. Table 1.3 summarises the flow rates, UV-T and UV-

intensity (UV-I) during the inlet (ballast operations) and flow rates and UV-I during the 

discharge (de-ballast operations) in the individual BE test cycles. Furthermore, the 

numbers of live organisms at discharge in water treated by the CompactClean BWMS 

and in the control, are shown for the BE test cycles. The results on the ≥10 and <50 µm 

size class included evaluations of the samples by microscopy counting after staining with 

chloromethylfluorescein diacetate (CMFDA) and fluorescein diacetate (FDA). 

The CompactClean BWMS equipped with the Bollfilter Aquaboll, 25 µm filter complied 

with the ballast water discharge standard in all 11 BE test cycles, when the live 

organisms ≥10 and <50 µm were determined by microscopy counting after staining with 

CMFDA/FDA.  

The CompactClean BWMS equipped with the Bollfilter Aquaboll, 25 µm filter complied 

with the ballast water discharge standard in 9 out of 11 BE test cycles, when the live 

organisms ≥50 µm were determined by microscopy counting: 

• Three test cycles in marine water: test cycles M-1, M-2 and M-3 

• Three test cycles in brackish water: test cycles B-1, B-2 and B-3 

• Three test cycles in fresh water: test cycles F-2, F-3 and F-5 

The BWMS failed to comply with the ballast water discharge standard in the freshwater 

test cycles F-1 and F-4, when the treatment efficacy towards organisms ≥50 µm was 

evaluated by use of the results obtained by microscopy counting. 

In the freshwater test cycle F-1, there was a failure in UV lamp driver no. 2 during the last 

10 minutes of the de-ballast operation. The BWMS operated with only partial UV lamp 

power, 36 kW instead of 48 kW, during this time. The test cycle F-1 which required full 

UV lamp power (48 kW) for measured UV-I (429-447 W/m2) was outside performance 

claim. Test cycle F-1 was considered as invalid. An additional freshwater test cycle was 

requested and described in Amendment No. 1 to the Test Plan (Appendix B). 

In the freshwater test cycle F-4, the BWMS discharged treated water mixed with a small 

volume of untreated water. The untreated water was trapped in the connecting pipe 
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between the filter unit and the UV unit, and it remained in the time between the ballast 

and the de-ballast operation. The trapped water was unprecedented because of specific 

pipe installation in test facility. However, it does not reflect the performance by the 

BWMS. The finding of this untreated water was reported by the manufacturer in a service 

report [Evaluation and remedial actions based on F-4 test result by DESMI Ocean Guard, 

2020.09.30] available in Appendix I and described in Amendment No. 2 to the Test Plan 

(Appendix B). Test cycle F-4 was concluded invalid. The invalid test cycle F-4 was not 

considered as a breach of the consecutive sequence after the two successful freshwater 

test cycles (F-2 and F-3). 

The conclusions of the biological efficacy performance evaluation of the CompactClean 

BWMS in the land-based test are summarized below. 

The CompactClean BWMS with alternate filter (25 µm Bollfilter, Aquaboll series 6.18.3 

BWT) complied with the ballast water discharge standard in three consecutive valid 

marine water test cycles (M-1 to M-3), three consecutive valid brackish water test cycles 

(B-1, B-2 and B-3) and three consecutive valid freshwater test cycles (F-2, F-3 and F-5), 

when the live organisms ≥10 and <50 µm were determined by microscopy counting after 

staining with CMFDA/FDA, and the live organisms ≥50 µm were determined by 

microscopy counting. 
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Table 1.2 Test water conditions in fresh, brackish and marine water test cycles.  

Test 

cycle 

Temp. 

(˚C) 

Salinity 

(PSU) 

UV-T 

(%) 

DOC 

(mg/L) 

POC 

(mg/L) 

TSS 

(mg/L) 

Organisms ≥50 µm 

(organisms/m3) 

Organisms ≥10 

and <50 µm 

(organisms/mL) 

Source 

water 

Test 

water4) 

Test 

water 

Source 

water5)  

Added 

DOC6) 

Test 

water 

Source 

water5)  

Test 

water7) 

Source 

water5) 

Test 

water8) 

Inlet to 

BWMS 

% 

STOs9) 

Inlet to 

BWMS 

% 

STOs9) 

F-11) 18 0.40 0.40 50 (70) 6.2 LS 7.5 1.2 7.0 29 68 1,421,855 - 1,911 - 

F-2 21 0.42 0.42 49 (69) 5.9 SC+LS 8.6 0.96 9.5 21 64 384,167 - 1,222 3.3 

F-3 18 0.37 0.37 50 (71) 6.3 SC+LS 8.6 1.5 7.3 23 62 539,911 - 1,778 5.6 

F-42) 16 0.35 0.35 40 (62) 9.2 LS 11 1.0 5.2 29 67 837,722 - 1,464 - 

F-5 16 0.42 0.42 41 (59) 5.2 SC+LS 13 1.5 6.1 21 60 199,944 - 1,589 - 

B-1 17 18 18 43 (54) 3.7 SC+LS 18 2.1 10 8.0 67 347,194 - 1,221 - 

B-21) 19 18 18 60 (74) 3.6 SC+LS 11 1.5 8.5 4.9 67 149,392 - 1,195 - 

B-3 19 18 18 60 (74) 3.6 SC+LS 11 1.5 8.5 4.9 67 177,631 - 1,213 - 

M-1 18 - 28 62 (79) 3.9 SC+LS 10 1.3 7.9 7.6 6310) 192,889 - 2,627 - 

M-21) 19 - 28 76 (87) 3.4 SC 7.2 0.48 6.0 3.7 37 127,372 - 93911) 39 
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Test 

cycle 

Temp. 

(˚C) 

Salinity 

(PSU) 

UV-T 

(%) 

DOC 

(mg/L) 

POC 

(mg/L) 

TSS 

(mg/L) 

Organisms ≥50 µm 

(organisms/m3) 

Organisms ≥10 

and <50 µm 

(organisms/mL) 

Source 

water 

Test 

water4) 

Test 

water 

Source 

water5)  

Added 

DOC6) 

Test 

water 

Source 

water5)  

Test 

water7) 

Source 

water5) 

Test 

water8) 

Inlet to 

BWMS 

% 

STOs9) 

Inlet to 

BWMS 

% 

STOs9) 

M-3 19 - 28 76 (87) 3.4 SC 7.2 0.48 6.0 3.7 37 133,011 - 1,052 39 

1) Test cycle was performed outside performance claim: UV lamp driver no. 2 failed during the last 10 minutes of de-ballast operation (see Amendment No.1) 

2) Test cycle was considered as invalid: discharge water mixed with untreated water (see Amendment No. 2) 

3) This test cycle and the following test cycle were run consecutively by use of the same test water and the same control 

4) No brine was added to the source water for fresh water test cycles (the salinity in the source water was not recorded); for marine water test cycles, the required salinity was achieved by 

addition of brine (the salinity before augmentation was not recorded) 

5) Source water DOC/POC/TSS concentrations were measured from sample taken before augmentation 

6) Minimum water quality characteristics were achieved by addition of sodium citrate (SC), whereupon lignin sulphonate (LS) was added to adjust the ultraviolet transmittance (UV-T) 

7) Minimum water quality requirements were achieved by addition of corn starch 

8) Minimum water quality requirements were achieved by addition of kaolin clay 

9) The standard test organisms (STOs) percentage was calculated based on the number of STOs and total organism count in the full test water volume contained in the source tank 

10) TSS was further augmented from 24 to 50 mg/L to adjust the UV-T (TSS also influence the UV-T of the test water) 

11) Density of organisms ≥10 µm and <50 µm was below the ETV protocol and BWMS Code requirements for BE test cycles M-2 on Inlet to BWMS (see Deviation No. 1) 
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Table 1.3 Average flow rates at inlet and at discharge, UV-T and UV-I and average numbers of live organisms in treated water and control at discharge. Live organisms ≥10 

and <50 µm were quantified by microscopy counting after staining with CMFDA/FDA. All counts of pathogenic bacteria (E. coli, Enterococci and Vibrio cholerae) 

in the test cycles were below the ballast water discharge standard. 

Test 

cycle 

Inlet water Discharge water Organisms ≥50 µm 

(organisms/m3) 

Organisms ≥10 and 

<50 µm 

(organisms/mL) 

Average flow rate 

(m3/h) 

UV-T (%) UV-I (W/m2) Average flow rate 

(m3/h) 

UV-T (%) UV-I (W/m2) Treated Control Treated Control 

Treated4) Control Test water5) Applied 

during 

ballast6) 

Treated Control Treated7) Applied 

during de-

ballast8) 

F-11) 150 194 50 (70) 429 - 447 

(438 ± 2) 

142 199 51 (69) 380 - 428 

(420 ± 4) 

149) 304,532 4.7 1,270 

F-2 141 200 49 (69) 412 - 424 

(417 ± 2) 

131 199 51 (66) 334 - 408 

(399 ± 5) 

0 166,194 0.83 867 

F-3 151 200 50 (71) 430 - 440 

(435 ± 2) 

146 199 53 (69) 313 - 469 

(426 ± 6) 

0.52 224,049 3.8 1,376 

F-42) 86 200 40 (62) 274 – 291  

(281 ± 3) 

85 199 42 (60) 116 – 286 

(279 ± 7) 

1210) 331,516 0.22 1,440 

F-5 71 200 41 (59) 240 - 248 

(244 ± 1) 

63 199 39 (54) 153 - 250 

(228 ± 4) 

0 92,333 2.3 1,614 

B-1 69 200 43 (54) 209 - 274 

(231 ± 5) 

61 197 42 (50) 81 - 224 

(218 ± 5) 

1.7 218,283 0.33 807 
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Test 

cycle 

Inlet water Discharge water Organisms ≥50 µm 

(organisms/m3) 

Organisms ≥10 and 

<50 µm 

(organisms/mL) 

Average flow rate 

(m3/h) 

UV-T (%) UV-I (W/m2) Average flow rate 

(m3/h) 

UV-T (%) UV-I (W/m2) Treated Control Treated Control 

Treated4) Control Test water5) Applied 

during 

ballast6) 

Treated Control Treated7) Applied 

during de-

ballast8) 

B-21) 212 200 60 (74) 571 - 594 

(582 ± 5) 

214 214 62 (72) 447 - 586 

(580 ± 9) 

0.33 83,495 2.2 1,886 

B-3 211 200 60 (74) 571 - 595 

(582 ± 4) 

209 214 61 (72) 259 - 585 

(569 ± 24) 

1.7 83,495 1.7 1,886 

M-1 235 199 62 (79) 626 - 667 

(649 ± 11) 

237 246 71 (76) 227 - 667 

(644 ± 44) 

2.7 85,452 1.2 808 

M-21) 332 279 76 (87) 1,050 - 1,078 

(1,061 ± 7) 

337 338 81 (89) 805 - 1,098 

(1,065 ± 30) 

1.3 83,272 0.50 683 

M-3 335 279 76 (87) 962 - 1,055 

(1,037 ± 9) 

336 338 80 (88) 849 - 1,097 

(1,075 ± 20) 

0 83,272 0.33 683 

1) Test cycle was performed outside performance claim: UV lamp driver no. 2 failed during the last 10 minutes of de-ballast operation (see Amendment No.1) 

2) Test cycle was considered as invalid: discharge water mixed with untreated water (see Amendment No. 2) 

3) This test cycle and the following test cycle were run consecutively by use of the same test water and the same control  

4) Average flow rate before filtration (measured by DHI flowmeter) 

5) UV-T measured during ballast operation; numbers in parentheses indicate value obtained after the sample was filtered through a 0.45-µm syringe filter upon receipt at the DHI laboratory 

6) UV-I range, average UV-I ± standard deviation recorded at stable operating conditions during ballast operation; the data were extracted from the BWMS log 

7) UV-T measured during de-ballast operation; numbers in parentheses indicate value obtained after the sample was filtered through a 0.45-µm syringe filter upon receipt at the DHI laboratory 

8) UV-I range, average UV-I ± standard deviation recorded during de-ballast operation; the data were extracted from the BWMS log 
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9) Density of live organisms exceeded the ballast water discharge standard due to insufficient UV dose delivered during de-ballast. Further information is available in test cycle operational data 

(Appendix D) 

10) Density of live organisms exceeded the ballast water discharge standard due to untreated water in BWMS internal piping. Further information is available in event log (Appendix C) 
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 Quality Compliance Statement 

This report shall not be reproduced except in full, without written approval of DHI A/S 

(hereinafter referred to as “DHI”). 

• The biological efficacy performance evaluation of the ballast water management system 

(BWMS) was conducted as required in the Ballast Water Management Convention and 

the BWMS Code [Ballast Water Management Convention and BWMS Code; Resolution 

MEPC. 300(72), April 13, 2018] 

• The report contains no known errors, omissions or false statements 

The main part of the report (pages 1 to 171) was prepared in compliance with the 

international standard ISO/IEC 17025. 

The methods described below were conducted in compliance with ISO/IEC 17025. These 

methods collectively cover all essential parts of the biological performance evaluation of 

the BWMS in the land-based test. 

DHI SOP Specification of method 

30/1738 Sampling – preparation, subsampling and transportation of samples (land-based test) 

30/1769 Determination of dissolved organic carbon (DOC) and particulate organic carbon (POC) 

30/530 Determination of total suspended solids (TSS) 

30/1700 Determination of live organisms ≥50 µm 

30/1701 Determination of live organisms ≥10 and <50 µm 

30/1704 Most probable number assay with algae 

30/1706 Determination of live organisms <10 µm – heterotrophic plate count 

30/1708 Determination of live organisms <10 µm – total coliforms, E. coli and enterococci 

30/1707 Determination of live organisms <10 µm – Vibrio cholerae 
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1 Executive summary 

DHI provides independent performance evaluation of ballast water management systems 

(BWMS) for the approval process. The purpose of the performance evaluation is to 

assure that BWMS approved by administrations are capable of meeting the ballast water 

discharge standard in land-based and shipboard tests. The system evaluated in the 

present report will be described as the CompactClean Ballast Water Management 

System (hereafter CompactClean BWMS). 

The CompactClean BWMS has previously been evaluated meeting the testing 

requirements for type approval in United States Coast Guard Standards for Living 

Organisms in Ships’ Ballast Water Discharged in U.S. Waters [33 CFR Part 151 and 46 

CFR Part 162. Federal Register, Vol. 77, No. 57, March 23, 2012; hereafter referred to as 

the U.S. Coast Guard standards] and in the Code for Approval of Ballast Water 

Management Systems (BWMS Code) [IMO. Resolution MEPC.300(72), 2018; hereafter 

referred to as the BWMS Code]. The CompactClean BWMS with the filter Filtrex ACB, 

received a Certificate of Approval by U.S. Coast Guard on 16 April 2019 and its 

amendment on 01 July 2019 with a performance claim of short hold time. The 

CompactClean BWMS received Type Approval Certificate in accordance with the 

requirements of specification contained in the BWMS Code /4/ by Lloyd’s Register on 

behalf of Denmark on 16 May 2019. 

The manufacturer of CompactClean BWMS, DESMI Ocean Guard A/S (hereafter referred 

to as DESMI Ocean Guard), has upgraded the BWMS by introducing a new IMO mode 

with an alternate UV dose control curve (the mode applying the earlier tested UV dose 

control curve was named US mode). The Total Rated Capacity (TRC) of the UV unit used 

for land-based testing is increased from 340 m3/h in the US mode to 510 m3/h in the IMO 

mode. The UV dose control curve of the IMO mode is designed for the BWMS to meet 

the IMO D-2 regulation /3/. 

The objective of this project was to conduct a biological performance evaluation of the 

CompactClean BWMS with the alternate UV dose control curve of the IMO mode and the 

resulting increased TRC at a land-based facility with the aim to meet the requirements for 

type approval testing in the BWMS Code /4/. The purpose of the performance evaluation 

in this land-based test is also to assure that the BWMS with the alternate UV dose control 

curve of the IMO mode and the resulting increased TRC is capable of meeting the ballast 

water discharge standard within the BWMS Code /4/. 

The land-based test of the CompactClean BWMS was carried out by DHI Denmark from 

February to June 2021 with DNV as the Recognized Organization. 

The test waters used for the land-based test cycles in fresh, brackish and marine waters 

were prepared in accordance with the BWMS Code /4/ and complied with the 

requirements excepted from situations described in deviations to the Test Plan. Upon 

request by the manufacturer, the test waters were also prepared in accordance with the 

Generic Protocol for the Verification of Ballast Water Treatment Technology [ETV 

protocol; U.S. Environmental Protection Agency, Environmental Technology Verification 

Program, September 2010]. During the performance evaluation of the CompactClean 

BWMS, the testing procedures and the applied quality assurance (QA) and quality control 

(QC) were consistent with the BWMS Code /4/. Furthermore, DHI’s testing procedures, 

and particularly the preparation of test waters, were supported by internal validation 

studies [Summaries of validation studies of conditions and procedures applied in type 

approval tests of ballast water management systems; this report Appendix G]. 

The CompactClean BWMS was equipped with a 20 µm Filtrex ACB-955-250 and a UV 

unit V20086 during this land-based evaluation. 



  

DHI A/S - BWL-DK / 11825920 / DNV – DESMI Ocean Guard / Land-based test performance evaluation / Final Report Page 5 of 171 

The basic treatment principles of the CompactClean BWMS (Model: CC-510/340) were 

mechanical filtration and treatment by ultraviolet (UV) radiation. The filtration unit was by-

passed during de-ballasting. 

Before initiation of the land-based test, DESMI Ocean Guard described a technology 

performance claim including limitations for the treatment performance of the 

CompactClean BWMS (Model: Model: CC-510/340), which was included in Section 3.2 of 

the Test Plan (Appendix B). The performance in the Test Plan is reproduced below: 

“DESMI states that the CompactClean BWMS meets the following treatment and 

operation standards: 

The BWMS is designed to comply with the D-2 ballast water discharge standard in the 

BWMS Code (IMO mode). 

• In IMO mode: 

o The max flowrate (maxTRC) is 510 m3/h 

o The system will be able to operate at full flow from UV-T 100% down to UV-T 

approx. 62%, where after flow is reduced in order to cope with even lower UV-T. 

The flow control is based on the UV-Intensity (UV-I) measurement inside the UV 

unit, and flow reduction starts when UVI is 800 W/m2 (maxTRC UV-I) or less. See 

flow control curve based on UV-I. 

o The system has no limitations regarding water salinity, temperature or minimum 

holding time 

o The lowest UVI the system shall be approved for is UVI 170 W/m2 

o Dimming of UV lamp power starts when UV-I measured exceeds 900 W/m2, 

where after lamps will be dimmed in order to maintain a constant UVI of 900 

W/m2. 

 

 The graphs below show the UV dose control curves of the IMO mode and the previously 

tested US mode. The UV dose control curve of the IMO mode represents the alternate 

control curve verified in the land-based testing presented in this report. 
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• The CompactClean system can be expected to achieve the ballast water discharge 

standard under all normal maritime environmental conditions, with no salinity or 

temperature limitations. Only known limitations are related to UV-T of test water. 

• During ballast operations the outlet pressure of the filter shall be at least 1.0 bar and 

inlet pressure is maximum 10 bar.  During de-ballast operations there is no 

requirement to minimum inlet pressure, but maximum pressure is 10 bar.  

• Concentration of disinfection residuals, by-products and toxicity: Not applicable 

• Projected meantime between failure is 6,000 operating hours provided operation and 

maintenance schedules are adhered to. “ 

The Test Plan describes the testing with CompactClean BWMS under IMO mode /4/. 

After test cycles B-2 and B-3, DESMI Ocean Guard replaced the filter element and 

changed the draining point on the system. The new filter element was the same model 

and had the same model of 20 µm mesh as the previous filter element. The replacement 

of the filter element was done after diagnostic test showed a reduced performance of the 

old filter element (DESMI Ocean Guard concluded that the filter element was likely 

damaged due to freezing during winter storage condition). In addition, a new draining 

point was installed at the possible lowest point on BWMS to remove most of stagnant 

water in backwash line after both ballasting and de-ballasting procedure. The changes 

are described in DESMI service report 11.03.2021 (Appendix H).  

During the land-based test, the aim was to test the CompactClean BWMS equipped with 

the Filtrex filter according to DESMI Ocean Guard’s performance claim. Table 1.1 

summarises the results of the measurements obtained during the land-based test that are 

related to the performance claim.  

Table 1.1 Measurements during the land-based test of parameters with relevance for performance claim of 

CompactClean BWMS. 

Test 

cycle 

Salinity 

(PSU) 

UV-T4) 

(%) 

UV-I5) (W/m2) Flow rate6) 

(m3/h) 

Holding time 

(Days) 

Energy 

consumption7) 

(kWh/100 m3) 

F-11) 0.42 35 (50) 164 – 175 (168± 2) 88 1 72 

F-23) 0.41 59 (79) 622 – 642 (631± 5) 401 5 16 

F-3 0.41 59 (79) 617 – 635 (626± 3) 398 5 16 

F-5 0.42 39 (50) 177 – 182 (180± 0.6) 95 1 61 

F-6 0.44 42 (55) 217 – 224 (221± 0.8) 123 1 46 

B-1 19 38 (47) 157 – 186 (175± 3) 89 5 77 

B-22)3) 19 54 (67) 407 – 454 (446± 4) 276 1 22 

B-32) 19 54 (67) 435 – 451 (446± 3) 276 1 22 
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Test 

cycle 

Salinity 

(PSU) 

UV-T4) 

(%) 

UV-I5) (W/m2) Flow rate6) 

(m3/h) 

Holding time 

(Days) 

Energy 

consumption7) 

(kWh/100 m3) 

B-43) 20 55 (68) 434 – 444 (441± 2) 272 1 22 

B-5 20 55 (68) 432 – 443 (438± 2) 269 1 21 

B-6 19 43 (53) 190 – 227 (224± 2) 125 5 46 

M-13) 29 77 (90) 977 – 996 (987± 3) 513 5 13 

M-2 29 77 (90) 974 – 992 (987± 3) 512 5 13 

M-53) 28 66 (75) 516 – 531 (527± 2) 330 1 19 

M-6 28 66 (75) 516 – 530 (526± 2) 329 1 19 

1) Test cycle was performed outside performance claim: UV-I during ballasting and de-ballasting were below 170 W/m2 

2) Test cycle was concluded invalid by DNV due to damage on the filter element (Service Report, Appendix H) 

3) This test cycle and the following test cycle were run consecutively by use of the same control water 

4) UV-T measured during ballast operation; numbers in parentheses indicate value obtained after the sample was filtered 

through a 0;45-µm syringe filter upon receipt at the DHI laboratory 

5) UV-I range, average UV-I ± standard deviation in parentheses recorded at stable operating conditions during ballast 

operation; the data were extracted from the BWMS log 

6) Flow rate measured before filtration unit during ballast operation 

7) Energy consumption measured during ballast operation 

The land-based test was performed in accordance with DHI’s Quality Assurance Project 

Plan (QAPP version 5.4, included in the Test Plan, Appendix B). A total of 15 biological 

efficacy (BE) test cycles (6 brackish water, 4 marine water and 5 fresh water) were 

conducted, and 7 operation and maintenance (O&M) test cycles (with a total of 60 

operation hours) were performed. The following pairs of test cycles were run 

consecutively by use of the same control water: BE test cycles F-2 and F-3; BE test 

cycles B-2 and B-3, BE test cycles B-4 and B-5; BE test cycles M-1 and M-2; BE test 

cycles M-5 and M-6. 

The CompactClean BWMS was operated independently by DHI staff during all BE test 

cycles and O&M test cycles. Staff from DESMI Ocean Guard were present at the test 

facility during the first BE test cycle B-1 and were not present during the other test cycles.  

Table 1.2 summarises the test water conditions applied for the three water qualities, i.e., 

fresh, brackish and marine waters, and includes information on salinity, temperature, 

specific information on physical-chemical augmentation (dissolved organic carbon (DOC), 

particulate organic carbon (POC) and total suspended solid (TSS)) and live organisms 

(total count and standard test organisms (STOs) in percent of total count).  

Microscopy counting after staining with chloromethylfluorescein diacetate (CMFDA) and 

fluorescein diacetate (FDA) count was used to verify that the inlet criteria for live 

organisms in the size class ≥10 and <50 µm was met. Furthermore, the inlet water was 

analysed by use of the Most Probable Number (MPN) assay. The MPN for the inlet to 

BWMS in all test cycles exceeded above 1,000 organisms/mL, and therefore it shows 

that the organisms in the inlet water were able to grow in the MPN assay. The MPN for 

the control discharge in all test cycles were above 100 organisms/mL, and therefore, the 

MPN analyses were considered valid in all test cycles. The MPN for the inlet to the 

BWMS and for the control discharge are available in Table 11.4 and Appendix A.     
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During the land-based test cycle F-2 (Inlet to BWMS), the average density of live 

organisms ≥50 μm in the inlet to the BWMS was 90,889 organisms/m3 and, thus, it was 

below the IMO BWMS Code /4/ requirement of minimum 100,000 organisms/m3. 

The density of organisms ≥50 μm was 109,111 organisms/m3 in test cycle F-3, and the 

test water for test cycles F-2 and F-3 were individual parts of the total volume of test 

water in the source tank. In addition, the density of organisms ≥50 μm in Inlet to Control 

was 113,583 organisms/m3. The water used for Inlet to Control was obtained from the 

same volume of test water as was the Inlet to BWMS in test cycle F-2 and F-3. The 

observed average density of live organisms ≥50 μm in test cycle F-2 was probably the 

result of inhomogeneity of the source water.  

The observed density of organisms ≥50 μm of 90,889 organisms/m3 is not considered to 

have influenced the performance evaluation in test cycle F-2 and the density is within the 

10% deviation which was accepted by DNV on behalf of the Administration.  Considering 

the above, the BE test cycle F-2 was considered valid. This deviation is described in 

Deviation No. 1 to the Test Plan (Appendix B). 

The land-based test with CompactClean BWMS was performed with test waters with UV 

transparency (UV-T) levels meeting the requirements in the BWMS Code /4/ (Section 

2.30). Table 1.3 summarises the flow rates, UV-T and UV-intensity (UV-I) during the inlet 

(ballast operations) and flow rates and UV-I during the discharge (de-ballast operations) 

in the individual BE test cycles. Furthermore, the numbers of live organisms at discharge 

in water treated by the CompactClean BWMS and in the control, are shown for the BE 

test cycles. The results on the ≥10 and <50 µm size class included evaluations of the 

samples by microscopy counting after staining with CMFDA and FDA and evaluations 

based on the MPN assay. The MPN assay with addition of counted heterotrophic motile 

organisms is an accepted method for the evaluation of the biological treatment 

performance of BWMS according to the BWMS Code /4/. 

The CompactClean BWMS equipped with the 20 µm Filtrex ACB-955-250 filter and 

the UV unit V20086 complied with the ballast water discharge standard in 12 out of 

15 BE test cycles, when the live organisms ≥10 and <50 µm were determined by 

MPN assay with addition of counted heterotrophic motile organisms: 

• Four test cycles in fresh water: test cycles F-2, F-3, F-5 and F-6 

• Four test cycles in brackish water: test cycles B-1, B-4, B-5 and B-6 

• Four test cycles in marine water: test cycles M-1, M-2, M-5 and M-6 

The BWMS failed to comply with the ballast water discharge standard for organisms ≥10 

and <50 µm in the freshwater test cycle F-1. 

The BWMS failed to comply with the ballast water discharge standard for organisms ≥50 

µm in the brackish water test cycles B-2 and B-3. 

After the brackish water test cycles B-2 and B-3, DESMI Ocean Guard performed an 

unscheduled maintenance which included UV lamps inspection and a diagnostic test on 

the filter element performance by comparing it with a new filter element. It was found that 

the old filter element had fewer backflushing cycles compared with the new filter element, 

which indicated a damage with the mesh on the filter element. The damage resulted in 

less removal of organisms ≥50 µm. DNV has concluded that the BWMS failed to comply 

with the ballast water discharge standard in test cycles B-2 and B-3 because of filter 

element damage (e-mails from DNV with heading “11825716 - DESMI - Results from 

diagnostic filter test”, dated on 12 March 2021). DESMI Ocean Guard replaced the old 

filter element under DNV approval. DESMI Ocean Guard also found a minor crack on UV 

lamp and changed one of the UV lamps. In addition, DESMI Ocean Guard installed a new 

drainage point at lowest point on BWMS to remove most of stagnant water in backwash 
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line after both ballasting and de-ballasting procedure. The changes are described in 

DESMI service report 11.03.2021 (Appendix H). 

In the freshwater test cycle F-1, the average UV-I during ballast and de-ballast were 

below the 170 W/m2 which is the lowest UV-I for the BWMS stated in the performance 

claim. DNV concluded that test cycle F-1 was invalid. 

DHI cancelled test cycle F-4 due to incorrect test water preparation procedure which 

resulted in test water containing an unusual high density of live organisms ≥10 and <50 

µm outside the typical range normally applied by DHI. DHI, therefore, decided to cancel 

the test cycle before the de-ballasting, and thus no results were recorded for the 

discharge water.  

Test cycles M-3 and M-4 were considered invalid because the average densities of live 

organisms ≥50 μm in the test water for test cycle M-4 and Control were lower than the 

IMO BWMS Code /4/ requirement of minimum 100,000 organisms/m3. The average 

densities of live organisms ≥50 μm in the test water for test cycles M-3 and M-4 can be 

found in Appendix A.2.1. 

The conclusions of the biological efficacy performance evaluation of the CompactClean 

BWMS in the land-based test are summarized below. 

Compliance at discharge after a holding time of 1 and 5 days (BWMS Code) 

The CompactClean BWMS complied with the ballast water discharge standard with a 

holding time of 1 and 5 days in four fresh water test cycles (F-2, F-3, F-5 and F-6), four 

brackish water test cycles (B-1, B-4, B-5 and B-6) and four marine water test cycles (M-1, 

M-2, M-5 and M-6), when the live organisms ≥10 and <50 µm were determined by MPN 

with addition of counted heterotrophic motile organisms. The evaluation of test cycles 

with 5 days holding time represents the evaluation of the regrowth in accordance with the 

requirements in the BWMS Code /4/. The evaluation of regrowth was considered 

acceptable for CompactClean BWMS as confirmed by the test cycles performed with a 

holding time of 5 days, i.e., two freshwater test cycles (F-2 and F-3), two brackish water 

test cycles (B-1 and B-6) and marine water test cycles (M-1 and M-2) that complied with 

the ballast water discharge standard based on the MPN with addition of counted 

heterotrophic motile organisms. 
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Table 1.2 Test water conditions in fresh, brackish and marine water test cycles.  

Test cycle Temp. 

(˚C) 

Salinity 

(PSU) 

UV-T 

(%) 

DOC 

(mg/L) 

POC 

(mg/L) 

TSS 

(mg/L) 

Organisms  

≥50 µm 

(organisms/m3) 

Organisms  

≥10 and <50 µm 

(organisms/mL), 

CMFDA/FDA 

Test water Test water Source 

water4) 

Added 

DOC5) 

Test 

water 

Source 

water4) 

Test 

water6) 

Source 

water4) 

Test 

water7) 

Inlet to 

BWMS 

% 

STOs8) 

Inlet to 

BWMS 

% 

STOs8) 

F-11)  6.1 0.42 35 (50) 6.3 SC, LS 16 0.82 6.8 19 73 203,083 - 1,894 - 

F-23) 9.3 0.41 59 (79) 4.8 SC, LS 8.8 0.94 5.3 15 63 90,88910) - 2,144 - 

F-3 9.5 0.41 59 (79) 4.8 SC, LS 8.8 0.94 5.3 15 63 109,111 - 2,018 - 

F-5 9.0 0.42 39 (50) 3.7 SC, LS 16 0.77 7.8 6.9 54 148,211 - 2,143 - 

F-6 12 0.44 42 (55) 3.3 SC, LS 15 0.85 7.3 7.1 64 295,250 - 1,987 - 

B-1 4.3 19 38 (47) 3.3 SC, LS 16 3.1 12 9.6 63 276,217 - 2,453 - 

B-22)3) 3.4 19 54 (67) 3.7 SC, LS 12 2.6 10 9.8 68 708,317 - 2,111 18 

B-32)  3.5 19 54 (67) 3.7 SC, LS 12 2.6 10 9.8 68 697,650 - 2,178 18 

B-43) 4.1 20 55 (68) 3.9 SC, LS 12 0.67 5.7 15 71 114,567 - 1,833 13 

B-5 4.3 20 55 (68) 3.9 SC, LS 12 0.67 5.7 15 71 176,850 - 1,869 13 
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Test cycle Temp. 

(˚C) 

Salinity 

(PSU) 

UV-T 

(%) 

DOC 

(mg/L) 

POC 

(mg/L) 

TSS 

(mg/L) 

Organisms  

≥50 µm 

(organisms/m3) 

Organisms  

≥10 and <50 µm 

(organisms/mL), 

CMFDA/FDA 

Test water Test water Source 

water4) 

Added 

DOC5) 

Test 

water 

Source 

water4) 

Test 

water6) 

Source 

water4) 

Test 

water7) 

Inlet to 

BWMS 

% 

STOs8) 

Inlet to 

BWMS 

% 

STOs8) 

B-6 5.4 19 43 (53) 3.5 SC, LS 16 1.3 9.4 16 71 180,570 - 1,547 15 

M-13) 8.8 29 77 (90) 3.1 SC, LS 7.0 0.78 5.8 3.7 46 213,500 - 1,722 12 

M-2 8.9 29 77 (90) 3.1 SC, LS 7.0 0.78 5.8 3.7 46 201,583 - 1,504 12 

M-53) 17 28 66 (75) 3.1 SC, LS 10 0.37 5.4 13 709) 230,111 - 1,720 9 

M-6 17 28 66 (75) 3.1 SC, LS 10 0.37 5.4 13 709) 267,167 - 1,436 9 

1) Test cycle was performed outside performance claim: UV-I during ballasting and de-ballasting were below 170 W/m2 

2) Test cycle was concluded invalid by DNV due to damage on the filter element (Service Report, Appendix H) 

3) This test cycle and the following test cycle were run consecutively by use of the same control water 

4) Source water DOC/POC/TSS concentrations were measured before augmentation 

5) Minimum water quality characteristics were achieved by addition of sodium citrate (SC), whereupon lignin sulphonate (LS) was added to adjust the ultraviolet transmittance (UV-T) 

6) Minimum water quality requirements were achieved by addition of corn starch 

7) Minimum water quality requirements were achieved by addition of kaolin clay 

8) The standard test organisms (STOs) percentage was calculated based on the number of STOs and total organism count in the full test water volume contained in the source tank 

9) TSS was further augmented from 24 to 50 mg/L to adjust the UV-T (TSS also influence the UV-T of the test water) 

10) Density of organisms ≥50 µm was below the BWMS Code requirements for BE test cycle F-2 on Inlet to BWMS (see Deviation No. 1)  
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Table 1.3 Average flow rates at inlet and at discharge, UV-T and UV-I and average numbers of live organisms in treated water and control at discharge. Live organisms ≥10 

and <50 µm were quantified by microscopy counting after staining with CMFDA/FDA (after subtracting with false positive) and MPN assay. All counts of 

pathogenic bacteria (E. coli, enterococci and Vibrio cholerae) were below the ballast water discharge standard. 

Test 

cycle 

Inlet water Discharge water Organisms ≥50 

µm 

(organisms/m3) 

Organisms ≥10 and <50 µm 

(organisms/mL) 

Average flow rate 

(m3/h) 

UV-T 

(%) 

UV-I 

(W/m2) 

Average flow rate 

(m3/h) 

UV-T (%) UV-I 

(W/m2) 

Treated Control Treated Control 

Treated4) Control Test 

water5) 

Applied 

during 

ballast6) 

Treated Control Treated7) Applied 

during de-

ballast8) 

MPN + 

hetero-

trophic 

counts9) 

CMFDA

/FDA10) 

MPN CMFDA

/FDA 

F-11) 88 200 35 (50) 164 - 175 

168 ± 2 

83 199 36 (46) 123 - 167 

161 ± 3 

0 129,805 19 23 >2,700 1,304 

F-23) 401 389 59 (79) 622 - 642 

631 ± 5 

405 408 63 (77) 288 - 657 

639 ± 32 

0.33 75,310 3.0 6.5 >2,700 935 

F-3 398 389 59 (79) 617 - 635 

626 ± 3 

412 408 64 (77) 325 - 671 

653 ± 30 

0 75,310 6.5 16 >2,700 935 

F-5 95 200 39 (50) 177 - 182 

180 ± 0.6 

91 199 39 (46) 113 - 176 

173 ± 3 

0 101,338 1.1 7.6 >2,700 762 

F-6 123 200 42 (55) 217 - 224 

221 ± 0.8 

122 198 42 (51) 173 - 223 

219 ± 3 

4.0 172,150 1.5 13 >2,700 865 

B-1 89 199 38 (47) 157 - 186 

175 ± 3 

95 199 41 (46) 108 - 180 

179 ± 4 

0 33,441 <0.06 0.11 770 455 

B-22)3) 276 275 54 (67) 407 - 454 

446 ± 4 

287 287 59 (66) 187 - 481 

465 ± 31 

24 173,127 2.0 106 2,700 998 
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Test 

cycle 

Inlet water Discharge water Organisms ≥50 

µm 

(organisms/m3) 

Organisms ≥10 and <50 µm 

(organisms/mL) 

Average flow rate 

(m3/h) 

UV-T 

(%) 

UV-I 

(W/m2) 

Average flow rate 

(m3/h) 

UV-T (%) UV-I 

(W/m2) 

Treated Control Treated Control 

Treated4) Control Test 

water5) 

Applied 

during 

ballast6) 

Treated Control Treated7) Applied 

during de-

ballast8) 

MPN + 

hetero-

trophic 

counts9) 

CMFDA

/FDA10) 

MPN CMFDA

/FDA 

B-32) 276 275 54 (67) 435 - 451 

446 ± 3 

287 287 57 (66) 361 - 478 

463 ± 19 

19 173,127 3.8 115 2,700 998 

B-43) 272 270 55 (68) 434 - 444 

441 ± 2 

281 278 58 (66) 190 - 470 

454 ± 32 

9.0 59,647 1.9 121 >2,700 1,528 

B-5 269 270 55 (68) 432 - 443 

438 ± 2 

280 278 57 (66) 310 - 467 

452 ± 21 

4.7 59,647 3.2 134 >2,700 1,528 

B-6 125 200 43 (53) 190 - 227 

224 ± 2 

126 199 49 (56) 118 - 227 

224 ± 9 

3.0 50,163 0.25 7.7 450 575 

M-13) 513 502 77 (90) 977 - 996 

987 ± 3 

510 498 81 (88) 737 - 968 

902 ± 32 

0 134,107 <0.06 6.0 440 166 

M-2 512 502 77 (90) 974 - 992 

987 ± 3 

514 498 81 (89) 813 - 956 

904 ± 29 

0 134,107 <0.06 7.0 440 166 

M-53) 330 308 66 (75) 516 - 531 

527 ± 2 

333 342 65 (73) 259 - 558 

540 ± 31 

0 134,132 0.12 17 920 456 

M-6 329 305 66 (75) 516 - 530 

526 ± 2 

335 342 64 (73) 304 - 530 

543 ± 32 

0.33 134,132 0.46 23 920 456 

1) Test cycle was performed outside performance claim: UV-I during ballasting and de-ballasting were below 170 W/m2 

2) Test cycle was concluded invalid by DNV due to damage on the filter element (Service Report, Appendix H) 
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3) This test cycle and the following test cycle were run consecutively by use of the same control water 

4) Average flow rate before filtration (measured by DHI flowmeter)  

5) UV-T measured during ballast operation; numbers in parentheses indicate value obtained after the sample was filtered through a 0.45-µm syringe filter upon receipt at the DHI laboratory 

6) UV-I range, average UV-I ± standard deviation recorded at stable operating conditions during ballast operation; the data were extracted from the BWMS log 

7) UV-T measured during de-ballast operation; numbers in parentheses indicate value obtained after the sample was filtered through a 0.45-µm syringe filter upon receipt at the DHI laboratory 

8) UV-I range (minimum and maximum) recorded during de-ballast operation; the data were extracted from the BWMS log  

9) The values in this column include the sum of the MPN and the numbers of heterotrophic organisms counted in the microscope 

10) CMFDA/FDA result after subtracting with false positives in heat-killed negative control samples (see Section 11.3.3) 
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