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TwinSave Power Quality
Mr. Ries Peeters

Algemeen Directeur 

Ravenswade 56

3439 LD Nieuwegein

The Netherlands
May 19, 2012

Dear Ries,

Thank you for the opportunity to work with you on a Power Quality Analysis  project for the 

Hoogheemraadschap De Stichtse Rijnlanden.  We spent two days in meetings and in testing for this Water Board and during this time, I learned quite a bit about the systems at these facilities and about some of the similarities in how various treatment plants function in The Netherlands as compared to the United States.  The two sites that we visited were the main treatment plant in Utrecht and a smaller plant in Houten.  I believe that these smaller water treatment plants are called Waterships.
In evaluations, I feel that it is critically important to understand the nature and uses of facilities such as these.  During our first day in meetings and touring, we met with the Water Board staff at the main treatment plant and during the day long tour, our host Albert was kind enough to insure that all of our questions were answered and that we received an all access view of the facility.  During the meetings on this first day, Albert and you explained that the test subject site at another nearby location was experiencing a problem with the metered consumption and it was believed that while the consumption as measured by you in previous testing visits did seem to match the amount of money being billed, this consumption seemed to be greater than the total connected load of the machinery.  Of some concern was the accuracy of the metering system and the proper comparison of these charges to the actual consumption.
Having the opportunity to visit the main treatment plant in Utrecht was a great insight to the self sustaining green initiatives of the Water Board.  The Utrecht location is virtually self sufficient in that the by-product Methane that is harvested from the on-site digester systems and is stored and used in the production of electricity which is used to operate the plant.  Several MegaWatts of energy is harvested from the digester in the form of Methane which is scrubbed and conditioned for use in the single fuel generator plant.  Thought this generator plant has an alternate outside source of fuel gas for the generators, the predomination of the fuel gas consumed is produced right there in the facility.

The Watership treatment plant in Houten is a smaller but identical version of the Utrecht plant.  This location has dual utility feeders for a most reliable power supply feed.  Power comes to the facility through a primary distribution building and is then distributed to other locations on the property.  Feeding the facility there are two metered circuits.  One circuit is very lightly loaded at under 5 KiloWatts and the other circuit supports most of the plant load.  At a load of nearly 300kVa, we chose to focus on this larger circuit as it would appear from the complaint discussions, if there was a discrepancy in the billing or potential total usage, that the problem would indeed be here.
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Having had the privilege of once again being escorted by Albert, I was able to familiarize myself with the various systems in use at this facility.  It became clear that in order to conduct an accurate assessment of the complaint or disparity of loads verses consumption billing that a spread sheet will need to be created that lists every motor and lighting load in the facility.  This list can be accomplished by the first simple means of touring the facility and listing every device.  This list should then be compared to the one line drawings and circuit listings that Albert provided to us for inspection.  This total load page gives both the connected load and the anticipated drawdown at any given averaged time.  While this drawing was created many years ago, it is a good reference to use for the physical count and tour.  In this drawing the total connected load on this service is indicated to be 593 kVa, while the anticipated usage load is calculated to be close to this figure at 572 kVa.  I find it interesting that the load is given in kVa which must suppose full loads on devices and even at this, the name plate data for each device must be taken in to account in this calculation.  Even with this kind of complete listing, there is still an assumption that a certain number or amount of these loads will be in operation.
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Page from on site manual                                Example of a large motor name plate
A fair question was raised by both yourself and the members of Albert’s staff about the possibility of some problem that could be created by a terrestrial satellite receive site and co-located cellular site that is situated on the property.  Photographs of this facility were taken and after evaluation of the photos, it appears that there is nothing on this facility that could emit any type of radio or other electromagnetic signature that would be of any substantial quantity.  There appears to be a number of small transmitting antennae on the tower at this facility that are related to the cellular services.  
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The remainder of the objects on the tower and the array of small satellite dishes appear to all be placed for the function of receiving signals.  The likelihood of this small facility to cause any type of power problems is quite low even though it appears to be fed from the initial utility feeder distribution building that also feeds the Treatment Plant.

Testing of any facility or individual device is subject to variables of time and circumstance.  In my years of testing and repairs, I compare this type of evaluation to being the photographer at a wedding.  When we arrive to do the testing (take photos) each machine (the guests) is going to do what ever it needs to do based on demand and circumstance.  We take the lovely photos and gather our data and the moment that we leave, the food fight starts and excessive consumption begins.  During this day of testing, a bank holiday was in effect and the pattern of water usage appeared to be lower than usual.
With a measured average of around 279kVa, and usage over a time frame of around 15 minutes, there is one spike in consumption shown that tops the chart at 529.8 kVa.  This lends a new set of questions that need to be asked of the utility service.  These questions amount to asking them to air out their dirty laundry.  The Watership needs to know how they are being billed.  During the inspection of the two sub branch meters in the primary distribution  building we noticed that each meter is programmed differently.  They both display different screen protocols, they have different multiplier ratios, and have different usage codes.  The utility needs to come clean and discuss how these meters are set up and justify the settings and displays.  In fairness to the Watership, these meters, throughout the region should all be programmed the same so that the pulse trigger to the customers local usage counter system can be predictable in function and in comparison of usage from Watership to Watership.  
The variance between kW and kVa on this day was around 80 kVa, leading toward inductive reactance which is easily remedied.  As a part of the questions place to the utility, is there a penalty for poor power factor performance?  Also, is the spike in-rush power accurately measured and is this also billed for, is this spike responsible for setting or elevating a billing penalty demand service threshold, if there is an elevated demand level due to in-rush energy such as this, when does this elevation expire or become reset?   In short, a complete explanation of the utility billing needs to be made apparent.  This is all equally important at the Utrecht location even though this facility generates its own electricity.  This knowledge of billing application will allow the Watership to properly credit its generation toward accurate savings against utility charges.
Once the accurate list of connected (though un-used) machinery is compiled, I believe that just from the initial figures that are shown to this point that there is an incorrect assumption as to connected load and actual billing.  I am confident that through proper application, a very productive installation of Power Factor correction can be accomplished at this location.  I believe that part of the discrepancy between connected load and actual measured load is that there is nearly 100 percent redundancy with the large motors and pump systems in the facility.
The Testing:
Wye:

There were two sets of tests performed at this location on the larger of the two services.  The first test is called Mains-2.  This is a primary feeder service that comes directly from the main distribution building at the front of the property.  
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Mains 2 panel boards                                                                          Mains 2 input feeders
The second testing session was performed on the main aerator variable frequency drive.  This VFD controls the oxygen infusion in the mixing tank.

Initial testing of the Mains 2 service is conducted in both Wye (star) and Delta configurations.  Though the predomination of the equipment at the facility is Delta connected, a Wye investigation can be quite revealing as to imbalances, grounded feeders, distortion relative to earth, circulating currents, and harmonic distortion.   A purely Delta analysis can miss some of these items, and though equipment may appear to run properly, underlying or dangerous problems can be found, and instead of having a systems failure bring down the facility, a planned maintenance outage is much more civilized.  

As a point of interest all of the feeder and distribution service cabling in this facility is run in a form of cordage.  Conduit is not the primary housing for electrical conductors as it is in the U.S.  The larger gauges of cordage even has triad shaped conductors and support insulation so as to minimize any open space in the cable and potentially conduct away heat in a more efficient fashion.  Of course, the conductor color codes are different in the E.U.  This facility and the Main facility in Utrecht are extremely neat and clean where the electrical work is concerned.  I rarely encounter such quality workmanship and attention to detail.
Testing of Mains 2 shows a moderately distorted Voltage wave formation in the sinusoid of all three phases.  This is a unusual trace to see.  A distortion of the peak of the sinusoid can be a sign of insufficient neutral bonding connections between the mains distribution and the vault transformer.  It can also be a sign of an extremely large transformer with a very light load on the secondary.  This wave form can also be mimicked from further up-feeder from the sub-station.  A maintenance of the vault and feeders is indicated to insure proper torque of the fasteners and lugs as well as performance of Infrared Thermography to insure correct crimp tensions of all connections.  
The display of the Amperage of all three phases is indicative of either upstream neighbor problems in harmonic generation or an upstream capacitor bank gone berserk, but in this case we found that this wave form is being generated on site and should be taken care of further in this report.  Examination of the polyphase trace data as well as the individual phases indicates that a severe harmonic is being generated and impressed on to the mains system.  This is of many concerns.  These concerns are in no particular order as to severity.  High harmonic content in a utility service load causes the metering system to tally power consumption at a higher rate.  Torroid measuring devices are non-linear as frequency rises.  Higher frequencies above the base 50 Hertz are often counted at a higher level than actual levels and can dramatically affect your billing total.  As shown on report page 5, the harmonics Amperage table shows a substantial 5th and 7th harmonic.  Even at this location of the measurement and further in the data body, it can be seen that during other motor systems start ups, that the harmonic content dips from time to time.  These quick pulse dips are due to “swamping” of the current total ratio in relativity to the demand total, and the ratio numbers dip during these in-rush events.  The utility will divulge which is worse, high in-rush or high harmonics.  The nature of the harmonic is unusual and will be further seen in the data package for the aerator motor VFD.  It is my belief  that this VFD is damaged as indicated by the unusual test data.  There is a tremendous loud scream coming from the drive and motor, and a strange double pulse amperage draw.  The VFD draws nearly double the line Amperage in any operating condition than it delivers to the motor.  Further consult from Emerson should be sought regarding this potential problem.  
Observation of the Vector rotation shows that there is an inductive reactance condition that exists in the facility.  This is easily remedied by the installation of Power Factor Corrective Devices.  Recommendations as to the steps and procedures will be discussed further down in this report.  Harmonic mitigation will also be discussed.  The typical Power Factor of the facility can be seen in the Trends chart on data page 11.  This Wye based example indicates a PF of .82 units.  A Power Factor of .97 is attainable at this facility with typical daily operational figures of .98 being possible many hours of the day cycle.
The analysis of the total harmonics in Voltage and Amperage (current) show that in addition to the problematic Power Factor level, Harmonic Distortion is a severe issue.  While this dramatically affects your billing, high harmonics cause vault transformer heating, service conductor and panel board heating and shortened life spans for all components from the vault to small switching power supplies and the motor windings.  A program of mitigation of Power Factor and Harmonics will be prescribed for you.

Delta:

System testing in the Delta mode is not as kind as the Wye tests in this case.  Though there is an initial indication of good core loading and great voltage balance, the Power Factor is quite low at .71PF.  some of the Harmonic problems being presented appear in the voltage sinusoid traces but the largest problem here is the Power Factor.  You can see that on data page 11, the utility power delivery appears to be quite solid as there was some kind of an event that attempted to draw down the voltage and this was largely unsuccessful.  There are clearly fluctuations that are the “fault” of the utility as there is no corresponding Amperage draw from the facility but there are motor starts that can be correlated across the Trends.  I would rate the quality of the power delivered to be good.  As far as reliability is concerned, the Watership will know best.
There is no flat topping of the voltage sinusoid which would indicate overload conditions at some point in the system due to core saturations but here, the power is clean.  The excessive Amperage harmonics being impressed by the aerator motor are of a concern and these problems can be remedied.  It should be noted that in both the Wye and Delta modes, the Trends data is very well balanced.  The Voltages are within several percent and the Amperage draw is within several percent.  This balance aids in lowered utility billing and systems heating, particularly in the vault transformers.  Vector rotation continues to show an inductive reactive condition.  Total Harmonic Distortion remains consistent in the 5th and 7th harmonics.  The harmonics trends graphic even shows a consistent Voltage and Amperage draw Distortion level which is much easier to correct than erratic behavior.  It is interesting to note that in the Delta testing that when a large load (unidentified) dropped off line, the power factor degraded substantially.   
Aerator VFD Motor Drive:

Testing of this VFD proved to be quite enlightening.  As this is a Delta connected device, only Delta testing was performed.  It can be seen that the stiffness of the utility supply gives an extremely clean Voltage Sinusoid.  The Voltages are quite linear and are in very good balance.  This accolade stops at the Amperage data.  Emerson electric must be consulted on a number of attributes here.    While being fed a very clean Voltage supply, the VFD is “two pulsing” each phase.  While these pulses appear on the polyphase graph to be artistic and symmetrical,  an example of a noisy but proper VFD is shown below.
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Example of proper but noisy VFD (not from this location)
As seen in the VFD testing data on page 1, the Power Factor is quite low.  This too is unusual for a newer model of VFD.  Power Factor levels of .97PF are not uncommon with new units while the Total Harmonic Distortions still remain very high.  In the Trends charts, a low Power Factor and  higher Displacement Power Factor (DPF) is a sign of very high harmonics. If this device was the only item on the service transformer the “K” factor of the system would require a hardened transformer or a harmonic rated transformer with a K factor of 21.7 or greater.  There are red flags all over this test.  Instead of the typical 5th and 7th electronics harmonics, the tables show elevated 5th, 7th and 11th harmonics.  These current draw harmonic wave forms push the meter in to a Total Harmonic Distortion of 100%.  This de-stabilizes the electrical service and if it was not for the other loads in the system swamping this trash, this drive would destroy many other connected devices or certainly cause reliability problems.  
I fear that this drive has a number of issues.  It clearly has a load to supply current radio issue.  Though not shown here, hand held ammeter tests showed that the drive is consuming more power than it appears to deliver to the target motor by a ratio of nearly 50 percent.  This is not intuitive as a motor driven by a lower frequency than its design frequency typically draws more current.  The input energy should closely mimic the output energy within single digits of percentage which is not the case here.  The drive and the motor both seem to be screaming audibly.  This is typically a sign of wave form problems.  If this drive is having issues, the motor is a failure candidate.  
If the VFD is determined to be of either good or poor health, the resultant noise in to the power system is a sign that there is no reactive filtering on this device.  Emerson should again be consulted to determine if there is a catalog item that is typically installed to keep the noises inside the drive.  If there is no suitable catalog device from Emerson, a substitute from another manufacturer can be selected.  If the drive is defective, once repaired or replaced, the testing should be run again and if these poison power problems persist.  Suitable action should be taken to minimize these injected noises.  

Recommendations For Facility Power Factor Mitigation:

In a facility such as this, providing Power Factor mitigation is a multi step process.  As the primary loads in this facility are largely inductive and the predomination of the load is large devices, I recommend that all motors that are not driven by a VFD be Power Factor corrected.  This maximizes the efficiency of each circuit by lowering total kW and kVa.  The further benefits of  lowered heating of the electrical system are valuable though difficult to calculate.  Longer maintenance intervals can be adjusted and longer life cycles of motors and power supplies will lower operating costs.  Once each large device is corrected, the VFD population in the facility can be analyzed to see if filter reactors are required to contain and isolate any errant hash or noise.  After this step, a new set of full data is to be taken to evaluate the remaining kVAr problems as well as Total Harmonic Distortion.  As this amount of error and distortion is likely to be much lower than the original testing, I typically recommend a solid state combination Power Factor Corrective device with Harmonic suppression.  This device is installed on the Mains 2 input service on a dedicated circuit breaker for safety.  These combination solid state devices are the fine tuners to the system and they work seamlessly with the previously installed devices.  It is not uncommon to have a facility now operate at a Power Factor level of  .97PF to .99PF with measurable Total Harmonic Distortion levels of less than 5 percent.  Substantial reductions in the billing from the utility should be realized as well as a dramatic reduction in the Carbon footprint.  
All photos embedded in this document are at full registration and may be copied for other use.
If you have an questions about this work, please feel free to call my office at any time.

Thank you,

Gary A. Minker

Gary A. Minker
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WATERSHIP SYSTEM TESTING, 

HOOGHEEMRAADSCHAP, DE STICHTSE RIJNLANDEN TE HOUTEN

MAINS PANEL SYSTEM 2 WYE / DELTA TESTING
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CURRENTS:
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DISTORTION:

VOLTAGE:
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DISPLACEMENT POWER FACTOR:
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