Roof mounted RE micro-generators – 12 year case study

[image: image25.jpg]



Roof of Green Building showing solar thermal collectors, solar PV arrays and wind turbines
Abstract

The performance of the micro-generators (wind turbines and PV panels) and solar collectors (evacuated tubes) on the Green Building have been monitored since they were commissioned over twelve years ago. This paper summarises the results of this long term evaluation.

The wind turbines were found to be uneconomical because of high operating and maintenance costs. They have been decommissioned and will be replaced with tower mounted PV arrays.

The evacuated tube collectors required regular cleaning and suffered from a 4% failure rate. Most of the owners of the apartments and all of the tradesmen called to investigate faults had difficulty understanding and operating the controls. The output of the collectors was very difficult to monitor because of the design of the system. A second replica system was installed with full monitoring instrumentation in 2004. This was used to accurately measure the net, or useful, output of the system. This was found to be in the region of half the theoretical output because of system losses and excess output during the mid-summer period.
The PV arrays required no maintenance during the twelve year period apart from the replacement of three fuses after a violent thunder storm. The annual output of the grid-connected system is c.2,900kWh which is c.7% more than anticipated.

Background

The Green Building was completed in 1994 with the aim of testing the viability of incorporating optimal energy conservation technology in a mixed use city centre building. The design included roof mounted wind turbines and PV panels that were used to charge a bank of heavy duty batteries. High efficiency power inverters converted the 24V DC output from the battery bank into a 220V AC supply for the lighting circuits. 
[image: image2.wmf]
Original off-grid micro-generator set up

At that time it was known that that the battery bank had a limited life span (then estimated to be 10 years). It was anticipated that at the end of this period legislation would be in place that would facilitate the replacement of the batteries with grid-connected inverter/controllers. These have the great advantage over batteries of allowing the RE generators to operate at their maximum capacity continuously - even when their output exceeds the demand in the building. When this happens surplus power is exported to the grid.

Grid-connection

When the battery bank started to deteriorate in 2004 legislation had reached the point where it was just about legally feasible to connect small-scale RE generators to the grid. Putting this into effect turned out to be an incredibly complicated process that took almost two years of constant endeavour. This included the creation of a CER authorized and licensed RE generating company called Cool Power Limited and was concluded when ESB Networks installed their first ever small import export meter in the Green Building on 26th May 2006. The grid-connected system was commissioned by Cool Power on 16th June 2006 and has been in continuous operation since then. 
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Grid-connected micro-generator set up

Cool Power is using this installation to generate 100% renewable electricity which is being used both in the Green Building and by Ireland Inc.,

95% of the electricity generated so far has been consumed in the Green Building and 5% has been exported to the National Grid.

Off-grid Micro-Generators
Electricity for the lighting systems in the Green Building was drawn from a bank of 24 heavy duty 2 volt SEC flooded lead acid batteries type T14-37 through two Trace Engineering Model U2624SB 2.6 kW high efficiency power inverters . The batteries were charged by 76 roof mounted 50 watt polycrystalline Model MSX50 Photovoltaic panels manufactured by the Solarex Corporation and three BCW 1500 wind turbines manufactured by Bergey Windpower Company Inc., each rated at 1.5 Kilowatts. The Photovoltaic panels were mounted in two similar arrays of 38 modules each. The output from these arrays was regulated by two SCI model SCS-24-R controllers by Speciality Concepts Incorporated. The output from the wind turbines was regulated by three VCS-1.5 controllers manufactured by Bergey Windpower Company Incorporated. In the event of a prolonged deficit of power, the batteries were charged at night using mains electricity. 

Wind Turbines

Initial noise and vibration problems were remedied without difficulty by fitting anti-vibration isolator pads under the support columns and neoprene isolators to the cable stays. In the course of commissioning the units it emerged that “it is preferable” to furl the turbines manually during severe wind storms. This required the retro-fitting of a manual furling system on each turbine and the setting up of a storm warning system and associated management system to ensure that the turbines would be manually furled prior to each storm and manually unfurled after each storm. This rendered the turbines uneconomical from day one because the cost of this arrangement far exceeded the value of their theoretical electrical output. The system was operated for approximately five years in an attempt to obtain some useful data. The turbine blades had to be replaced once during this period because of cracks that were observed at the anchor points.
The data collected during this period proved to be inconclusive because of the overriding limitations of the off-grid accumulator system. This made it impossible to determine if the output from the turbines was being limited by their performance, the capacity of the accumulator system or the output from the PV arrays. Because of this it was decided to tether the turbines permanently for one year and to monitor the output from the PV arrays only – the intention being to disconnect the PV arrays and monitor the output from the turbines only during the following year. The results obtained during of the first year were remarkable. There was no measurable fall off in the availability of power. It was clear that the full system load (which had averaged 1,800kWh per annum during the first ten years of operation) could be met by the PV arrays alone. There was clearly no need or point in continuing to operate the three wind turbines. It is currently planned to replace them with tower mounted PV arrays.
Grid-connected Solar PV


[image: image4]
Original polycrystalline PV panels on Green Building

The grid-connected solar PV system consists of 72 of the original twelve year old 50 watt polycrystalline Model MSX50 panels (two panels on each array were left disconnected to simplify the wiring). The output from the system is connected directly to the landlord circuit using two Fronius IC20 inverter controllers in conjunction with an ESBN compliant grid-connectable Cool Power control system.
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Witness testing Cool Power’s ESBN compliant grid-connectable controller

The system was commissioned in June 2006. The first measurement of interest following the commissioning of the system was the peak output of each array. The PV panels came with a 25 year guaranteed output of 47.5W per panel when they were purchased in 1994. Both arrays had been deliberately neglected since installation to establish if they required any routine attention. The only attention they required since being installed had been the replacement of three fuses following a severe thunder storm. The theoretical output of each array was 36 x 47.5W or 1,710W. The initial output for each array in bright sunlight was over 1,804W. This gradually dropped to a consistent 1,711W (see photo).
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Mid-august output from one array. (Guaranteed output is 1,710W)

The second measurement of interest was the effect of cleaning the arrays. Having noted that the output from both uncleaned arrays was similar (the difference was in the region of 1%) it was decided to clean one array to determine the effect of cleaning. On inspection small areas of black organic material were observed on the surface of both arrays and a small accumulation of material was found on the edge of the bottom frames. Small growths of moss had occurred along this edge. (See photos).
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Carbonacious surface deposits after 12 years of exposure
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Moss growth after 12 years exposure

One array was then cleaned thoroughly and the other was left untouched. This had no measurable effect on the performance of the arrays – see table below. It seems that these units require no virtually maintenance.
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The third and most important measurement was the operating output of the system. This has been determined by taking two sets of meter readings at monthly intervals since the system was commissioned. One set of readings was based on the total output display on the Fronius IC20 inverter controllers. The second set was based on the display on the ESBN compliant Cool Power grid-connectable controller. The chart below shows the monthly output based on the controller readings (which were slightly lower than the Fronius readings). The average annual output is c.2,900 kWh per annum or c.860kWh/kWp per annum – which is 7% higher than anticipated.
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Solar Thermal
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Thermomax evacuated tube solar collectors on Green Building
The solar thermal system consists of two banks of 80 thermomax evacuated tube solar collectors mounted at roof level. The solar heat energy collected by these units is distributed to individual hot water storage tanks in eight apartments. The primary and secondary hot water circuits are controlled by Thermomax LCX 400 control units. The hot water storage tanks are fitted with electric immersion heaters also controlled by the LCX 400 control units. The system was commissioned during the summer of 1994.
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Schematic diagram of solar thermal installation

The complexity of this system made it impossible to measure its useful output accurately. The best that could be done was to compare mains electrical consumption during the summer with the same during the winter. As all the lighting systems in the apartment were powered from the solar circuit and space heating was provided by means of embedded pipes the difference between mains electrical consumption during summer and winter could be attributed to the summer output from the Thermomax system. It was observed that a tenacious black carbonaceous deposit accumulated on the upper surface of the collectors over time. When this occurred there was a very noticeable fall off in output – the owners of the apartments reported that the solar system had virtually stopped working. The collectors had to be cleaned every two years because of this.

The seals on a number of the collectors (4%) failed during this period. This resulted in the tubes filling with rainwater and becoming ineffective.
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               Evacuated tube partly filled with rainwater          Tenaceous black carbonaceous deposit after 1 year.
The setting up and adjusting of the LCX 400 controllers proved to be beyond the ability of most of the occupants of the apartments and all of the plumbers and electricians called to deal with minor plumbing and electrical problems.

The most frequent problems with these installations had nothing to do with the solar systems. Most of the expansion vessels appeared to have had insufficient initial charge and one of them failed completely. Most of the electric immersion elements corroded to the point where they started arcing after about five years. Both of these failures were gradual. The initial symptom was a build up of pressure in the tank that caused the pressure relief valve to fail and water to escape from the system.
An additional timer had been incorporated in the electrical panel providing power to the electric immersion. In about half of the installations the operation of this timer conflicted with timer in the LCX 400 controller. This caused a lot of confusion because none of the occupants were aware of this extra timer and it was only discovered when one of the timers eventually failed after about five years. This problem was then solved by bypassing or removing the timers in the electrical panels.

Several plumbers and electricians called to investigate the above problems put them down to faults in the LCX400 controllers (which were subsequently shown to be non-existent). They then went to considerable lengths to bypass the LCX 400 controllers leaving several of the solar systems completely inoperative. To make matters worse, in a number of cases the lagging on the hot water tanks was left damaged or partly removed after these investigations.

In addition to the above, approximately half of the LCX400 controllers failed during the latter half of this period. These were returned to Thermomax for repair.

Because of these difficulties and the inability to measure the output of the system accurately a second similar system was fitted to another building during the summer of 2004 to enable a more accurate assessment of the useful system output – see report on Cambridge Mews thermomax system below.

Cambridge Mews solar thermal system
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Cambridge Mews Solar PV and Solar Thermal systems

The solar thermal system on Cambridge Mews consists of two banks of 30 Thermomax evacuated tube solar collectors mounted on an un-shaded south facing pitched roof and an 800 litre Okozon-T thermal accumulator. Temperature sensors are located in the solar collector manifold, the return circuit to the collector manifold and the top and bottom of the thermal accumulator. A solenoid valve is fitted to the circuit to prevent heat loss resulting from thermo-syphoning. The solenoid valve and circulating pump are controlled by a Cylon Building Management System (BMS). The BMS reads and continuously logs all temperature sensor outputs. Data obtained from the BMS was used to assess the performance of the system.
The peak output occurred on 17th July 2006 – see graph of average stratification tank temperature below. The average net output during this period was 2.3kW and the total net output during the day was 15.9 kWh. The peak net output during this period was 2.43kW. Assuming a peak solar insolation rate of 850W/m2 and an area of 6m2 (60 tubes each 0.1m2) this represents an overall net system efficiency of 48%.
[image: image14.emf]Stratification tank temperature

17th July 2006
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The peak net output was 15.9kWh on 17th July 2006
(The output from the PV array on the Green Building on this day was 18.4kWh)

There was effectively no net output during cloudy conditions. This appeared to be the result of high system heat losses. It was also observed that there is effectively no net output before 9.30 am and after 4.30 pm or after mid-October and before mid-April – again because system heat losses exceed solar input.
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Solar output during bright winter sunshine. Slight reduction in tank cooling rate. No net gain.

(The output from the PV array on the Green Building on this day was 11.7kWh)

The data obtained from this study was used to create a model of the typical net output for the period mid-April to mid-October assuming unbroken sunshine from 9.30am to 4.30pm. The maximum possible net output, assuming unbroken sunshine, calculated using this data is 1,467kWh. After adjusting this to bring it into line with the 30 year mean daily hours of sunshine for Dublin this figure drops to 1,129kWh.
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