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Summary 
 
 Data from the Gwaii Haanas photovoltaic array/battery/genset hybrid power system was used to 

investigate the accuracy of the PVToolbox in comparison with other simulation tools. The comparison was 

done over one year, during which the genset was not operated. 

The simulation tools that use a time-base of one hour or finer all produce comparable estimates of 

the daily average insolation in the plane of the array for Gwaii Haanas. While it is in agreement with these 

tools during the summer months, RETScreen PV suggests much higher insolation levels than these tools for 

the winter months. For January, for example, its estimate of the average daily insolation in the plane of the 

array is nearly three times that of the PVToolbox. Watsun PV sometimes calculates spikes at the beginning 

and end of the day, presumably because it permits unrealistically high beam ratios. PVToolbox and the 

other tools limit the beam ratio to physically reasonable levels. 

 The PVToolbox, SOMES, and Watsun PV generally predict similar average daily array output 

power (i.e., before the charge controller).  During the winter months, the PVToolbox slightly 

underestimates Watsun PV and SOMES. During the winter months, RETScreen PV estimates array output 

power far in excess of that predicted by the other tools. Homer, on the other hand, generates estimates of 

the summer array output power that far exceed those of the other tools. This probably stems from Homer’s 

use of a maximum power point tracker, as opposed to a direct connection, between the array and the 

battery. 

The PVToolbox, SOMES, Homer, and Watsun PV were compared to monitored data for the 

useful power output of the array (i.e., once the charge controller had limited charge to the battery).  On both 

an annual basis (Table S1) and a monthly basis (Table S2), the PVToolbox was the most accurate tool 

according to every measure of error. 
 

Data Source Average Array Output Power 

(Wh/day) 

Relative Error 

Monitored Data 1087 NA 

PVToolbox 1113 2.4% 

Watsun PV 1389 27.8% 

Homer 1120 3.0% 

SOMES 987 -9.2% 

Table S1 Monitored and Simulated Daily Useful Array Output Power (Average over Entire Year) 

 

Error Measure PVToolbox WatsunPV Homer SOMES 

Mean Monthly % Error -0.3% 30.8% 10.0% -3.8% 

Maximum Magnitude Monthly % Error 32.5% 91.4% 54.8% -34.8% 

RMS Monthly % Error 4.1% 11.5% 8.3% 6.3% 

RMS Monthly Absolute Error 40 Wh/day 128 Wh/day 75 Wh/day 68 Wh/day 

Table S2 Comparison of Errors for the Simulated  Useful Array Power Output 

 

 Under sunny skies, all simulations appear to greatly overestimate the available array current. This 

may be a problem with the underlying models, but it is more likely to be due to the particular site 

conditions at Gwaii Haanas. With coniferous forest to east, west and north, the array likely receives less 

diffuse irradiation from these directions and may also be partially shaded at certain times of the day. 

 PVToolbox indicates a much deeper discharge during the winter months than either Homer or 

SOMES. Part of this is due to the difference in the state of charge at the end of the summer (the PVToolbox 

indicates that the battery is never fully charged). But a major part of this stems from the PVToolbox 

underestimating the useful array power during this period at the same timer that Homer and SOMES 

overestimate it. During the winter, the PVToolbox shows the system being near failure, while the other 

tools suggest that the system is oversized. In reality, the situation is probably between the two, although the 

very low voltages exhibited by the real system in late January suggest that the PVToolbox may not be too 

far off the mark. 
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Figure S1 Relative Error in the Simulated Average Daily Useful Array Power Output for Each 

Month 

 
According to the PVToolbox, the battery is never fully charged by the array; rather, it reaches a 

maximum state-of-charge of about 87%. All other tool indicate that the battery is fully charged. During 

those times when the other simulation tools indicate that the battery is fully charged, the PVToolbox shows 

the battery being drawn down slightly during the night, charging up in the first hours of the morning, and 

then having the current cut when the voltage reaches the temperature adjusted setpoint of 14.0 V; the float 

voltage (13.5 V plus temperature adjustment) is so low that only a small current enters the battery during 

the day. If the day was very long, this current might eventually fully charge the battery, but the limited 

daylight hours never permit the state-of-charge to exceed 87%. 

 This behaviour predicted by the PVToolbox is quite a radical departure from the other tools. It 

does, however, seem reasonable based on laboratory tests of the Global Yuasa battery. Furthermore, when 

the PVToolbox was run with both the bulk charge and float setpoints raised to 15 V, a 100% state of charge 

was achieved. These setpoints correspond to what was used in the laboratory to achieve full charge. It is 

very significant and exciting that the PVToolbox may be able to model effects of this type. 
 While running the five tools used in this comparison it became clear that a major advantage of the 

PVToolbox as a research tool is its flexibility and open architecture. In numerous areas, the other tools 

were unable to do exactly what was required, while the PVToolbox could be adjusted to suit our 

requirements in terms of input data, types of loads, types of output, components included and their 

configuration. Furthermore, being able to “look” into components to see how they were operating (or why 

they were crashing) was very helpful with the PVToolbox, but not possible with the other tools.  On the 

other hand, the PVToolbox was orders of magnitude slower than the other tools. 

 Other than the PVToolbox, only WatsunPV permits the user to specify parameters describing the 

voltage/current behaviour of the battery. In the simulations discussed in this report, however, it was found 

that problems with the Watsun PV battery model prevented it from being “calibrated” with charge and 

discharge curve data from the Global Yuasa battery.  

While the PVToolbox model is semi-empirical, it at least attempts to have some basis in the 

underlying physical reality of the battery. In contrast, the Watsun PV model is largely an exercise in curve-

fitting. In many ways it is much simpler than the PVToolbox model, but because it ignores the underlying 

reality, it makes assumptions that may work reasonably well some of the time, but can not be hoped to 

work in the general case.
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1 Introduction 
 

Long-term monitored data from the photovoltaic array/battery/genset hybrid power system at the 

Gwaii Haanas Park warden station was used to investigate the accuracy of the PVToolbox, especially in 

comparison with other simulation tools. The other tools that were included in this comparison were Watsun 

PV, Homer, SOMES, and RETScreen PV. 

Gwaii Haanas Park warden station, located in the Queen Charlotte Islands of British Columbia, is a 

remote dwelling that is occupied in the summer only, although certain electrical loads are on year round. 

The maritime climate results in very little sunshine during the months of November through January.  

While the system includes a genset, it is used very infrequently, and is operated under manual control. 

In the year that is studied in this report, the genset was never operated. Nevertheless, the data provides an 

excellent opportunity to examine the application of the simulation tools to stand-alone power systems. 

 

2 Pre-processing of the Monitored Data 
 

The use of the raw data from the PV system at Gwaii Haanas is quite problematic. Low voltage 

levels indicate that the battery is being deeply discharged during the winter, yet integrating the net charge 

into the battery over the same period suggests that the battery should be charging up. The difference 

corresponds to a continuous current draw of about 1.7 Amps—this is much too large to be accounted for by 

self-discharge from a fairly cool battery. Spikes in the voltage over the winter correspond to peaks in 

available sunshine, indicating the array is indeed connected. A careful examination of all known 

information about the system indicated that the probability of a load bypassing the installed load current 

sensors is minimal.  

Another significant problem is that measurements of the current out of the inverter/charger are 

positive over much of the year, suggesting that the genset is running most of the time, even though it is 

known that it ran only once, for a few hours, during the monitored period. Similarly, DC load current is 

often negative, which would indicate in theory that our loads are providing current to charge the battery. 

Despite these problems, the Gwaii Haanas data has been used for this analysis.  Based on several 

simple hypotheses, the raw data was transformed into a data set that appears reasonable. It is not certain 

that the data is correct, however. 

The hypotheses at the base of the transformation are: 

1) The monitoring system is installed correctly (i.e., there are no unmonitored loads and the 

array is connected all year). 

2) The only problem with the raw data is an incorrect offset and multiplier in all three current 

sensors (current from PV array, current to DC loads, and current from charger/inverter). 

The second hypothesis has been partly proven: it is clear that the offset and multiplier of all three current 

sensors are in error. It is only a question of whether the error is time-invariant and whether this is the only 

error in the data.  

 To correct the current data, the raw data was transformed to its completely unprocessed state by 

applying the inverse transformations that the Datataker data acquisition system applied to the voltage 

values measured at its inputs. Thus, the slope and offset found in the Datataker program were used to 

recover the raw voltage measurements. Then, the data was reprocessed using factory default values for the 

slope and offset for the current measurement instruments. This showed an immediate improvement: 

• The current from the PV array at night fell from the range of 0.15 to 0.65 Amps to the range 

of 0 to 0.3 Amps.  

• The current to the DC loads stayed positive at all times, unlike previously when the loads 

acted like a generator at times. 

• The current from the charger/inverter was never positive during the winter, so it no longer 

appeared that the genset was operating during the winter. 

 

Thus it appears that the slope and offset entered in the Datataker were incorrect. These parameters 

were based on a calibration of the sensors. This calibration, taken at two points near the upper and lower 

limits of the sensor range, did not describe a line through the origin, and appear to have led to significant, 

persistent error in the near-zero currents recorded during most of the year. 
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 Following this reprocessing of the data, there remained nevertheless an imbalance between the 

charge entering the battery and the charging leaving the battery. This was estimated on the basis of the 

following assumptions: 

• When the battery voltage reaches 14.1 V, the battery has been fully recharged. 

• There is no significant self-discharge during the winter. 

• Long discharges that cause very low battery voltages correspond to a net discharge of about 2000 Ah, 

which is slightly less than the capacity of the battery. 

Based on these assumptions, the discharge current appears to be too great by around 0.55 Amps.  

 This 0.55 Amp offset has been attributed entirely to the current from the charger/inverter. The 

night values of the PV current sensor are near zero; if the bias was in this measurement then the real current 

from the PV array at night would be even larger. During the winter the DC current sensor often shows a 

load of  around 0.2 Amps. Thus it could account for at maximum 35% of the observed bias (in any case, it 

is somewhat academic whether the AC loads or the DC loads are in error). On the other hand, the 

bidirectional charger/inverter current sensor spans a range of 400 Amps (-200 to +200 Amps), and a 0.5 

Amp error in its readings falls well within the full scale accuracy and linearity specification of the device 

(0.5% over full range).  

 Figure 1 shows the cumulative charge into the battery following data reprocessing. The current 

into the inverter has been lowered by a constant 0.55 Amps. The curve showing cumulative charge into the 

battery corresponds well with the battery voltage curve: at times when the voltage reaches 14.1 Volts, the 

cumulative charge curve shows the battery being fully charged. Furthermore, when the battery voltage 

approaches 11 V,  indicating deep discharge, the cumulative charge curve shows about a net 2000 Ah 

having been discharged from the battery. 
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Figure 1 Gwaii Haanas Operation over the Year  

 

 The estimate of a roughly 0.5 Amp offset was confirmed using a different technique of data 

analysis. When the solar resource is sufficient to fully charge the battery, the battery can be assumed to be 

fully recharged at the end of the day. During the night it discharges, and then during the next day the 

discharged charge is replaced, as well as about 20% more charge to make up for inefficiencies. If it is 

assumed that the battery is fully charged when the battery voltage reaches 14.1 V,  then the accumulated 

charge from the PV array required to recharge the battery can be estimated. This accumulated charge 
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should be equal to the total charge removed from the battery since the end of the previous day. Knowing 

how many hours have passed since the end of the previous day, the average discharge current can be 

estimated. 

 Using this method, the average discharge current was estimated for the period of April 10
th

 

through April 15
th

 and April 20
th

 through April 26
th

 (April 23
rd

 excluded since it was cloudy). During these 

periods the loads appeared quite constant. Based on the PV current put back into the battery, the average 

total load was estimated at 1.75 Amps for April 10
th

 through 15
th

. On April 18
th

 there was a step decrease  

in the AC loads. For the period of April 20
th

 through 26
th

, the average total load was estimated at 1.43 

Amps.  

 These estimates can be compared with the measured average current during the same periods. In 

the first case, the measured current was 2.35 Amps, or 0.6 Amps more than implied by the current from the 

PV array. For the second period, the measured current was 1.43 Amps, or 0.5 Amps more than implied by 

the PV current. This suggests an offset of about 0.55 Amps, in agreement with the previous estimate.  

 It must be noted that the assumption made here that the offset will be constant is probably not 

strictly true. It is not known whether the average estimated error of 0.55 A decreased or increased over the 

period of measurement. This may affect the following analysis. 

 

From this analysis, a number of conclusions concerning the monitoring of PV systems can be 

drawn. The first is that current sensors should have an absolute error much smaller than the net average 

current (loads minus generating sources) . For instance, in this system the winter time net average current is 

a few amps. This is of the same order as the absolute error of the current sensors, and for this reason the 

error is very problematic. Second, if currents are expected to be low much of the time, the accuracy of the 

current sensor around 0 should be good. This may require the use of two current sensors installed in parallel 

for the same variable, one with a narrow range and one with a wide range. When the currents are low, the 

reading from the first is used; when they are large the reading from the second is used. Third, it may be 

helpful to avoid bidirectional sensors when readings around zero will be the norm. 

 

3 Simulation Input Data and Parameters 

3.1 PVToolbox 

 

The PVToolbox model of the Gwaii Haanas system consisted of five components: two 

LoadWeather blocks, two PV module/array blocks, a charge controller, a battery, and a load file block, as 

shown below in Figure 2. The inverter block is included but not used—it simply shows how the component 

could be used were AC power loads for the system known (here they are incorporated as equivalent DC 

loads measured at the input to the inverter). Since the two subarrays of the Gwaii Hanaas system are 

oriented in slightly different directions, two subarray models and associated LoadWeather blocks must be 

used for generating weather data.  

Key outputs of the system—the calculated radiation in the plane of the array, the temperature, the 

array output, and the inverter output—are integrated; the value of the integral is sampled on the hour and 

fed into a file. The integration is necessary so that the sampled values of the outputs contain information 

about all that occurred during the previous hour, not just the state of the system at the instant of sampling. 

The saved file is post-processed in Matlab and then opened in Excel, where hourly values of the outputs 

can be found by calculating the difference in the integral from one hour to the next. 
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Figure 2. The Simulink Block for the Gwaii Haanas System 

 

The LoadWeather blocks retrieve irradiance and temperature data that has already been processed 

for the desired subarray orientation by Tilt. The input parameters for Tilt for one of the two subarrays are 

shown in Figure 3; Tilt for the other subarray uses the same inputs except that the azimuth is +17º.  

There is some uncertainty as to the PV Azimuth and Slope input parameters. The PV subarrays are 

mounted on either side of the peak in the roof of the parks building, inclined at an angle to the plane of the 

roof. The horizontal axis of each sub-array is at right angles to the peak of the roof. Unfortunately there is 

no recorded information documenting that a line described by the peak of the roof points due south (it is 

known, however that it faces roughly south). For these simulations, a due south building orientation has 

been assumed. Furthermore, the slope of the roof was measured at 14º to the horizontal and the array tilt at 

39º. It is not clear, however, whether this 39º was measured with an inclinometer held vertically or clamped 

to the frame of the array.  

Given this data, the azimuth and slope of the array were determined by finding two vectors in the 

plane of the array and taking their cross-product, which, being normal to the plane of the array, can be used 

to find its slope and azimuth. The first vector in the plane of the array was a unit vector along the line of 

intersection of the roof and the array. The second vector was that described when the tilt angle of the array 

was measured. Doing this analysis, we find that it makes no significant difference how the inclinometer 

was held when the measurement of array tilt was made: the real PV azimuth is south plus or minus 17º and 

the slope with respect to the horizontal is 41º. 
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Figure 3. Input Parameters for the Weather Modelling Block 
 

The weather data file ‘gwaiicol.y01’ contains three columns: the first is hourly average solar 

radiation on the horizontal, measured by the Li-Cor photodiode pyranometer installed horizontally between 

the two arrays; the second is hourly average temperature, measured on site; and the third is the average 

albedo for the hour (assumed to be 0.2 throughout the year for Gwaii Haanas).  The year contains the data 

from January 1, 2001 through September 30, 2001 and October 1, 2000 through December 31, 2000. It 

should be noted that the genset did not run during this period of time. The FastLoad tilt block was run with 

a fixed time step of 0.1 hours and the output saved to file. Following this, the Matlab script “siftdatavect” 

was used to eliminate data which could be interpolated within a specified level of accuracy: for the solar 

radiation data, an absolute error of 3 W/m
2
 or a relative error of 2% and for the temperature an absolute 

error of 0.3ºC. This reduced data set was saved to file and used by the LoadWeather blocks shown in 

Figure 2—they only needed to interpolate between data points (see Figure 4). 

 

 
Figure 4 Input Parameters for the Load Weather Block 
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Figure 5 Parameters for the Block that Imports Load Data into the PVToolbox Simulation 

 

 
Figure 6. Input Parameters for the Subarrays 

 

Although the Gwaii Haanas system provides power to both AC and DC loads, in the simulations 

all loads were lumped together into a single equivalent DC load. This was necessary since there were no 
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measurements on the AC side of the inverter. The load measured at the DC side of the inverter and the total 

DC load (excepting the current to the inverter) were treated in the manner described in Section 2 of this 

report (i.e., transformed according to factory defaults and then an offset of 0.55 Amps subtracted from the 

inverter load). For each hour, these two loads were added; the data for the period of January 1, 2001 

through September 30, 2001 and October 1, 2000 through December 31, 2000 are contained in the file 

dcdata.txt. This file was loaded into the PVToolbox using the Load File Block shown in Figure 5. The AC 

load data is unimportant since it is not used in the simulation.  

The DC load was specified as a current. In retrospect, it might have been wiser to specify the load 

in terms of power, since this would decouple the load from the voltage (which may be different in the 

monitored system and the simulation).  

The PV array is modelled as two identical subarrays, one on each side of the peak of the roof. The 

PV module model was used, instead of the maximum power point model, so that the battery voltage would 

determine the array operating point.  The parameters are given in Figure 6. 

The model was run twice so that the battery state-of-charge at the end of the first year could be 

used as the battery state-of-charge at the beginning of the second year. As shown in Figure 7, this battery 

state-of-charge was found to be 22.8857% of the C/20 capacity. At the end of the second year, the battery 

state-of-charge returned to this level, demonstrating that there was no need to run the model a third time. 

The input parameters for the battery charge controller model are shown in Figure 8. The two Trace 

C-40 controllers were combined into a single 80 Amp controller. The default setpoints for the Trace C-40 

were used; since manual equalisation is the default configuration, the model parameters were set to avoid 

equalisation. It was assumed that the controller had a temperature sensor attached, such that the setpoints 

were temperature compensated. No low voltage disconnect function was implemented. 

3.2 WatsunPV 

 

 The input parameters used for the WatsunPV simulation, as well as a monthly summary of the 

output, is provided in Appendix A.  WatsunPV was run with a  “TMY” form weather files (containing both 

hourly insolation and temperature data) that had been converted to solar time using the utility “solartime”, 

as described in [Ross, 2002]. 

 Limitations in the way input data are specified in WatsunPV created complications that ultimately 

clouded the comparison with the PVToolbox. These were, roughly in order of importance: 

1) Hourly values for the load can not be entered; rather, the load is specified as a monthly and daily 

profile, adjusted for whether the day is a weekday or a weekend. For this simulation, the load was 

assumed constant during the month, and the average value of the load current for each month was 

entered into WatsunPV. Fortunately, for many months of the year the building was not occupied, and 

loads remained fairly constant. 

2) Variables of interest can not be investigated; the output of the software contains a fixed set of 

variables, and information about other variables is not available. This was especially problematic for 

state-of-charge: although WatsunPV gives a histogram and a minimum value of state-of-charge, it does 

not give hourly values of SOC. 

3) The Watsun PV default battery model had to be used because our battery charge and discharge data 

(used to calibrate the PVToolbox battery model) was both insufficient and did not fit some of the 

assumptions underlying the Watsun PV battery model (these problems are discussed in Section 5.2). 

4) The Watsun PV charge controller model does not permit a controller which has a float voltage 

different from the bulk charge voltage. The C-40 charges up to 14.0 Volts and then switches to float 

charging at 13.5 V. Watsun PV was run with two sets of parameters for the charge controller: one, with 

a bulk/float setpoint of 14.0 V and the second with a bulk/float setpoint of 13.5 V. 

5) A two sub-array configuration such as that used at Gwaii can not be modelled in WatsunPV. Thus, it 

was assumed that the entire array faced due south. 
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Figure 7. Input Parameters for the Battery 
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Figure 8. Input Parameters for the Charge Controller 

 

In order to specify the initial state of charge for the simulation (i.e., the SOC on January 1), the 

simulation was first run starting in the summer with an initial SOC of 100%. The minimum SOC for the 

year was then noted, and then the simulation was rerun starting January 1. The initial SOC that resulted in 

the same minimum SOC was found by trial and error. Evidently, it would have been simpler to run the 

simulation starting in the middle of the year, but due to an apparent bug in WatsunPV, doing so results in 

hourly output not being provided for at least part of the year. 
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3.3 Homer 

 

Homer permits the user to enter hourly solar radiation data in a text file. It is not clear whether this 

data should be in local standard time or local solar time. Given that there was no parameter for the time 

zone and the longitude, the file was provided in local solar time. This seemed to work. The data was the 

same as that used with Watsun PV. Homer does not permit hourly temperature data to be entered.  

Homer assumes a constant albedo year-round. While this is not a limitation for Gwaii Haanas, 

where a year-round value of 0.2 has been assumed for all the simulations, it would create problems at sites 

where snow raised the albedo during winter.  

A file of hourly load data can also be imported into Homer. Two minor inconveniences arose: first, 

the load data were referenced to local standard time, but the solar insolation data were referenced to local 

solar time. Second, Homer permits only AC loads. Thus, the measured DC loads were given as AC loads 

and then a 100% efficient inverter was defined as the power converter. This caused no problems here but 

would have created more complications if we had wished to specify both AC and DC loads. 

A more significant problem was Homer’s inability to consider current loads: loads had to be entered 

as power loads. The power load was calculated by multiplying the monitored voltage and current. Once the 

simulation had been run, Homer’s output was also given in terms of power. This was converted to current, 

but since the simulation provided no information on battery voltage, the conversion of power to current was 

based on a fixed voltage of 12 V.  

Homer does not permit the user to specify the initial state of charge of the battery. To work around 

this inconvenience, the load for the first hour of the year was modified such that at the end of the hour the 

state of charge matched that at the end of the last hour of the year.  

In Homer, the characteristics of the PV array are specified by two parameters: the rated capacity (in 

kW) and a derating factor (see Figure 9). Homer is not able to model two differently-oriented sub-arrays 

such as are found at Gwaii Haanas, so the rated capacity was specified as 1.496 kW, and the azimuth was 

set to 0. The help file for Homer indicates that the derating factor is “a scaling factor applied to the PV 

array output to account for losses”. A value of 100% was entered (i.e., no losses) since there is insufficient 

information to enter any other figure. 

 

Figure 9 PV Array Input Parameters for Homer 
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 Parameters for the Global Yuasa battery were entered into Homer. Based on a nominal capacity of 

400 Ah, a system voltage of 12 V, and the measured capacity of the battery at a discharge rate of 37 A, 20 

A, 5.6 A, and 2.3 A, Homer calculated the “kinetic battery model” parameters shown in Figure 10. For the 

simulation, this Global Yuasa battery was scaled up to a battery bank having a nominal capacity of 30.6 

kWh, as seen in Figure 11.  A round trip efficiency of 75% was estimated. The maximum charge rate was 

specified as 100 A per Ah of  unused capacity. It is not clear how this is used and how it should be 

estimated. Homer’s battery model does not take temperature into consideration.  

 

 
Figure 10 Parameters for the Global Yuasa 45T15 used in Homer 

 

Figure 11 Battery Parameters for Homer 

 

 Homer does not permit the user to specify a charge controller. Rather, it appears to assume that the 

array is connected to the battery via a 100% efficient maximum power point tracker. An array derating 

could be entered to account for the differences between this ideal and an array clamped to the battery, but 

any such figure would be little more than a guess. Furthermore, the lack of charge controller permits charge 

currents in excess of the 80 Amp current that the two Xantrex C-40’s will pass. This occurred several times 

within the simulation. 
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3.4 SOMES 

 

The input parameters used for the SOMES simulation, as well as a monthly summary of the output, 

are provided in Appendix B. 

Hourly insolation and ambient temperature data, referenced to local standard time, were entered to 

SOMES via two files; these files contained the same data that were used with the PVToolbox.  The same 

latitude, longitude, and time zone information as used in PVToolbox were entered in SOMES. Like Homer, 

SOMES assumes that the albedo remains constant year-round. 

The hourly load data, referenced to local standard time, was entered in a third file. Load data had to be 

entered in terms of power, not current, and output was also given in terms of power. As with Homer, this 

required assuming a fixed 12 V system voltage for converting output power to current.  

Because SOMES assumes that loads will be in the range of kW, the load, the PV array size, and the 

battery capacity were all multiplied by a factor of 1000; the results, therefore, had to be divided by a factor 

of 1000. 

Although SOMES, unlike Homer, permits the array voltage to be clamped to the battery, it does not 

permit the user to specify the characteristics of the charge controller. Thus, like Homer, it does not permit 

the current to be limited to the 80 Amp maximum that the two C-40 controllers can pass, nor can voltage 

setpoints for charge termination be entered.  

In SOMES the user specifies the battery and array characteristics in only the broadest terms. For the 

array, the parameters are the nominal power, a losses percentage, the nominal operating cell temperature 

(NOCT) of the module, and the height of the module above the ground. The last parameter is used to 

calculate the cell temperature. For the battery, the nominal capacity and the initial state of charge can be 

specified. The user can also chose whether to estimate the battery temperature by applying ambient 

temperature data to a thermal model or to hold the temperature constant (here, for Gwaii Haanas data, the 

thermal model was used) and whether to use a simple energy model or more advanced Shepherd model 

(here the Shepherd model was selected). 

3.5 RETScreen PV 

 

 Although RETScreen PV does not provide much of the information used in the comparisons of the 

various tools, it was run with the input data found in Appendix C. 

 

 

4 Results 
 

The four simulation packages were run and their results were compared in five ways: insolation in the 

plane of the array, array power output, useful array power output, battery state-of-charge, and battery 

voltage. 

4.1 Insolation in the Plane of the Array 

 

The insolation in the plane of the array was available from all the simulations, but unfortunately it 

was not monitored.  For this comparison, the PVToolbox Tilt model was run with an azimuth of 0º. The 

average daily insolation in the plane of the array according to the five tools is given in Table 1 and Figure 

12. 

Tool Insolation in the Plane of the Array (Wh/m
2
/day) 

PVToolbox 1414 

Watsun PV 1404 

Homer 1419 

SOMES 1464 

RETScreen PV 1642 

Table 1 Simulated Daily Insolation in the Plane of the Array (Average over Entire Year) 
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 The four tools that use hourly input data produce very similar results for all months. SOMES’s 

estimates of the insolation in the plane of the array are slightly higher than the other hourly input tools 

during most months. RETScreen’s output for the months of April through August is very close to the 

output of the other tools, but during the non-summer months of the year its estimates of the insolation are 

significantly higher than those of the other tools. For the month of January, its estimate of the average daily 

insolation in the plane of the array is nearly three times that of the PVToolbox.  
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Figure 12 Simulated Daily Insolation in the Plane of the Array (Average for Each Month) 

 

 Comparing the hourly output for insolation in the plane of the array, one finds some differences 

between the four hourly tools. At several points, WatsunPV calculates peaks at the beginning and/or end of 

the day, as seen in Figure 13. This occurs when some light at the beginning or end of the day results in a 

very large beam ratio due to division by the cosine of a zenith angle near to 90º. The PVToolbox (and 

apparently the other tools) checks for this condition and do not exhibit such spikes.  

Figure 13 Hourly Insolation for One Day Showing Spikes in Watsun PV Output 
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 Often when there is bright sunshine, PVToolbox’s output falls much below that of the other hourly 

tools. An example of this is given in Figure 14, which shows one day when all tools are in good agreement 

except for the hour 996 (noon): here, the PVToolbox’s output is nearly 30 % below that indicated by the 

other three tools. This is, at least in part, due to a test within the PVToolbox Tilt routine that verifies that 

the beam radiation does not exceed the maximum beam radiation possible for a given zenith angle 

according to the ASHRAE standard clear sky. During hour 996, the output of the Tilt routine with this 

limitation is about 70% of what it would be without the limitation. Furthermore, the routine derates this 

maximum based on the ratio of the actual hourly clearness index to the clearness index implied by the 

ASHRAE standard. 

Figure 14 Hourly Insolation for One Day Showing Limited Output in PVToolbox 

  

While the validity of this measure has not been investigated rigorously, an examination of the 

array output suggests that it may be warranted. Figure 15 shows the average array current for the hours 995 

through 997, both simulated and monitored. It should be noted that the battery voltage during these hours is 

low enough that there is no possibility of the charge controller restricting the array output. For hour 995, all 

simulation tools match the measured array current very closely. For hour 996, during which the PVToolbox 

Tilt routine limits the beam output, the PVToolbox overestimates the monitored output by about 32%. This 

is not terribly good, but it is much better than the other tools, which overestimate by 92 to 154%.   
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Figure 15 Average Array Current, Simulated and Monitored, for Hours 995 through 997 
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 Of course, it is possible that the array current during hour 996 is low due to some other factor, 

such as shading of the array, and it is just lucky that applying the ASHRAE limit improves the estimate. 

Hour 997 lends this hypothesis some support. During this hour, the ASHRAE limit is not exceeded, but the 

array ouput is still low. Perhaps the afternoon sun casts more shadows on the array than the morning sun. 

On the other hand, inspection of a half-dozen instances during which, like hour 996, the ASHRAE limit 

was applied by the PVToolbox revealed no case where the array current was underestimated. 

4.2 Array Power Output 

 

All the simulation tools output the array current or power (depending on the tool). This is the current 

or power that would be output by the array if all its output could be absorbed by the battery (i.e., no current 

or power was rejected by the charge controller). In the monitored system, this variable is not known, since 

once the battery is full the current from the array is limited by the charge controller. While no comparison 

with reality is possible, it is interesting to compare the various tools.  

The average daily array output power  for the entire year is given in Table 2. For the PVToolbox 

and WatsunPV, the power was found by multiplying the array current and the battery voltage. For 

RETScreen, a monthly analysis was done by setting the “Fraction of Month Used” in the Solar Resource 

Worksheet to zero for all but one month at a time. A grid-tied system with a 100% efficient inverter was 

selected, to avoid losses when the battery was full. RETScreen normally models a system where the array 

voltage is clamped to the battery voltage by reducing the output of a maximum power point tracking system 

by 25%. Thus, for this comparison a miscellaneous power conditioning loss of 25% was specified. This 

method of finding RETScreen’s estimate of the PV array power may not perfectly mimic RETScreen’s 

internal workings, however. 

 

Tool Average Array Output Power (Wh/day) 

PVToolbox 1633 

Watsun PV 1616 

Homer 2122 

SOMES 1749 

RETScreen PV 1874  (estimate) 

Table 2 Simulated Daily Array Output Power (Average over Year)—before Charge Controller 

 

Results are shown on a monthly basis in Figure 16. In general, the output of PVToolbox is quite 

close to that of SOMES and WatsunPV—echoing the annual results in Table 2.  During the winter months, 

PVToolbox’s estimate of the array output is considerably below that of the other tools, however.  This may 

be due to a lower average estimate of the battery voltage during these months, or it may be due to 

differences between the PVToolbox Tilt routine and the weather processing routines of the other tools. 

RETScreen’s estimate of the array output is much higher than those of the other tools during the winter 

months (probably due to its much higher estimate of the insolation in the plane of the array) while Homer’s 

estimate is much higher than those of the other tools during the summer months. Homer assumes that 

maximum power point tracking is used and does not adjust array output when the array voltage is clamped 

to the battery voltage. This probably accounts for this difference.  
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Figure 16 Simulated Daily Array Output Power (Average for Each Month)—before Charge 

Controller 

4.3 Useful Array Power Output 

 

The previous section compared the simulations in terms of the array power output that would be 

seen if the charge controller never limited charge to the battery (i.e., when the battery became full). 

Because this is physically impossible, the simulation output could not be compared with monitored data. 

On the other hand, there is monitored data for the array power that is actually used  to charge the battery 

and operate the loads, and this can be compared to the simulations. Unfortunately, this information is not 

provided by RETScreen, so it must be excluded from this comparison. 

 Table 3 makes this comparison on an annual basis, and Figure 17 shows this data on a monthly 

basis.  Figure 18 shows the monthly relative error for each of the simulation tools, and Table 4 summarises 

some of the measures of the monthly error. Although the differences among the simulation tools are 

generally not that great, in every measure of error, the PVToolbox fares better than the other tools. It is 

important to note that while, on an annual basis, Homer’s estimate of the useful array output is nearly as 

accurate as the PVToolbox’s this masks very large monthly errors that happen to cancel out over the year. 

 

Data Source Average Array Output Power 

(Wh/day) 

Relative Error 

Monitored Data 1087 NA 

PVToolbox 1113 2.4% 

Watsun PV 1389 27.8% 

Homer 1120 3.0% 

SOMES 987 -9.2% 

Table 3 Monitored and Simulated Daily Useful Array Output Power (Average over Entire Year) 
 

 One surprising result is that Watsun PV appears to systematically overestimate the useful array 

power , the month of June being the only exception. These results are from the simulation where the charge 

control setpoint was 13.5 V, not 14.0 V.  The problem is especially bad in the spring months. Originally I 

thought that this bias might be due to some simple error in the way Watsun PV output its results, with the 

internal representation being correct. The reasonably low errors during the summer months, when much 

excess power is available, suggest that the problem is not that simple, however. 
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Figure 17 Monitored and Simulated Daily Array Output Power (Average for Each Month) 

 

 While the year-round performance of Homer and SOMES is comparable to that of PVToolbox, a 

very important difference emerges when the monthly errors are examined. During the low insolation 

months of November through January, PVToolbox appears to systematically underestimate the useful array 

output power by about 7 to 15%. In contrast, the other tools overestimate the usefual array power during 

these same months by  15 to 30% (for Watsun PV and SOMES) or 35 to 55% (Homer). This is very 

significant for stand-alone systems, because it is these low insolation months which determine system 

sizing and system reliability. One of the reasons that Homer’s estimate is high is surely its use of a 

maximum point tracker to link the array to the battery, rather than a clamped connection.  

 It is instructive to speculate on the source of the error in PVToolbox’s estimate of the monthly 

useful power output of the array. During November, December, and January, the PVToolbox 

underestimates the measured output. During these months, the charge controller never limits the current 

(i.e., the useful array power output is equal to the array power output). This leaves three hypotheses: 

1) The battery model underestimates the battery voltage on charge, reducing the power output of the array 

(which is array voltage [=battery voltage] multiplied by current, which will be relatively flat at 

voltages below the knee of the array IV curve). 

2) The Tilt model underestimates the insolation in the plane of the array. 

3) On average, the array model underestimates the output of the array during the low light levels and cool 

temperatures of these winter months. 

 

Error Measure PVToolbox WatsunPV Homer SOMES 

Mean Monthly % Error -0.3% 30.8% 10.0% -3.8% 

Maximum Magnitude Monthly % Error 32.5% 91.4% 54.8% -34.8% 

RMS Monthly % Error 4.1% 11.5% 8.3% 6.3% 

RMS Monthly Absolute Error 40 Wh/day 128 Wh/day 75 Wh/day 68 Wh/day 

Table 4 Comparison of Errors for the Simulated  Useful Array Power Output 
 



 

PVToolbox Gwaii Haanas Verification GPCo Inc 18 

 

 

-40%

-20%

0%

20%

40%

60%

80%

100%

1 2 3 4 5 6 7 8 9 10 11 12

Month

R
e
la

ti
v
e
 E

rr
o

r 
in

 U
s
e
fu

l 
A

rr
a
y
 

O
u

tp
u

t

PVToolbox

WatsunPV

Homer

SOMES

 
Figure 18 Relative Error in the Simulated Average Daily Useful Array Power Output for Each 

Month 

 

The first hypothesis can be eliminated by examining the battery voltage during these winter 

months. Figure 19 shows the array power output during the first 10 days of the year; this period is typical of 

the winter months. It can be observed that at most times, especially during low insolation levels, the 

monitored array power significantly exceeds the simulated array power. Figure 20 demonstrates that during 

this same period, the battery voltage is not the culprit: in fact, the simulated battery voltage significantly 

exceeds the monitored battery voltage at nearly all times when the array is producing output.  
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Figure 19 Array Power Output During First Ten Days of Year (PVToolbox vs. Monitored Data) 
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Figure 20 Battery Voltage During First Ten Days of Year (PVToolbox vx. Monitored Data) 

 

 The second hypothesis, that the Tilt routine underestimates the irradiance in the plane of the array, 

can not be eliminated, since the irradiance in the plane of the array is not monitored. Compared to the other 

simulation tools, PVToolbox gives slightly lower irradiance levels on average during these months (see 

Figure 12), but the difference in irradiance is too small too account for the entire difference in array output. 

Figure 21 shows the simulated irradiance in the plane of the array for the first three days of the year. This 

confirms that the output of the models is very similar; the time offset in the curves is due to different time 

references—the output of Homer and WatsunPV are in solar time while SOMES and PVToolbox are in 

local time. 
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Figure 21 Simulated Irradiance in the Plane of the Array for the First Three Days of The Year 
 

This leaves the third hypothesis. Figure 22 shows the array current during the first 10 days of the 

year. As expected, the monitored current exceeds that current predicted by the PVToolbox. Two potential 

sources of error can be identified. On days 2, 3, 4,  7, and 9, there appears to be an offset to the current—

the simulated current is like the monitored current minus an offset, with a floor of 0 (i.e., no negative 

currents permitted). This is a direct consequence of the translation equations for temperature implemented 

in the PV Module model. The translation equation shifts the short-circuit current up or down by an amount 

proportional to the temperature difference. Thus, the shift is the same regardless of whether the insolation is 
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1000 W/m
2
 or 10 W/m

2
. This can cause the output current to fall to zero even though the irradiance is 

above zero. For example, with a voltage of 12 V and an ambient temperature of 5ºC, the array model used 

for Gwaii Haanas produces no current until the irradiance level exceeds 11 W/m
2
. In effect, it is as though 

10 W/m
2
 was subtracted from output of the Tilt routine. This is appropriate for strong irradiance levels, but 

overestimates the reduction in the short circuit current at low insolation levels. This is a good explanation 

for what is observed on day 9, when the Tilt model indicated a maximum of about 5 W/m
2
, but the output 

of the array is 0. 
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Figure 22 Array Current on the First 10 Days of theYear, PVToolbox vs Monitored Data 

 

 This source of error does not fully explain the discrepancies seen on days 1 and 10, however. Here 

the array current is seriously underestimated by the PVToolbox. Perhaps this error is caused by the Tilt 

model (hypothesis 2). It is interesting that on both days 1 and 10 the irradiance in the plane of the array 

predicted by SOMES is considerably larger than that suggested by the PVToolbox; the difference would go 

a long way towards eliminating the discrepancy between the monitored data and the PVToolbox. On the 

other hand, on day 8 it appears that PVToolbox is quite accurate; this suggests that SOMES overestimates 

the irradiance in the plane of the array on this day. Nevertheless, it would be interesting to further 

investigate the discrepancy between SOMES and the PVToolbox (note that both run on local time).  During 

this ten day period, the ASHRAE clear sky criteria never limit the irradiance. The discrepancy may be due 

to the use of the Perez model in SOMES. 

 In February, the PVToolbox overestimates the useful array power by about 8%. During this 

month, when the battery is charging up following the winter drain, the PVToolbox appears to be relatively 

accurate in its estimates of the array current at levels up to about 10 to 15 Amps (i.e., overcast days). At 

levels between 15 Amps and 30 Amps, the PVToolbox appears to significantly underestimate the available 

array current (moderately overcast days, with some sun). Then, at levels above 30 Amps, the PVToolbox 

generally significantly overestimates the available array current (bright sunny days). This can be seen in 

Figure 23.  



 

PVToolbox Gwaii Haanas Verification GPCo Inc 21 

 

 

0

10

20

30

40

50

60

70

750 850 950 1050 1150 1250 1350

Hour of the Year

U
s

e
fu

l 
A

rr
a

y
 C

u
rr

e
n

t 
(A

) Monitored

Simulated

 
Figure 23 Useful Array Current During the Month of February (PVToolbox vs Monitored Data) 

 

 Compared to the other simulation tools, the PVToolbox underestimates the insolation during this 

month whenever the insolation for the hour is above about 100 Wh/m
2
 (Figure 24). If the PVToolbox 

performed more similarly to these models during the moderately overcast days, it would more closely 

match reality. This may be, once again, due to the use of the Perez model for diffuse radiation on a sloped 

surface (the PVToolbox uses the HDKR model, which is known to generally produce estimates lower than 

those of the Perez model).  
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Figure 24 Simulated Irradiance in the Plane of the Array During the Month of February 

 

 Under sunny skies, all simulations appear to greatly overestimate the available array current. This 

may be a problem with the underlying models, but it is more likely to be due to the particular site 

conditions at Gwaii Haanas. With coniferous forest to east, west and north, the array likely receives less 

diffuse irradiation from these directions and may also be partially shaded at certain times of the day. 

 The PVToolbox useful array power output would appear to be more in error during February were 

its battery voltage estimates not so low (see Section 4.5). These low voltages are in part due to PVToolbox 

underestimating the available array power for November through December, resulting in a battery state-of-

charge during February that is probably lower than in reality. 

 In March, the PVToolbox overestimates the useful array power by about 33%—the largest  

monthly error in both relative and absolute terms. This error is most likely a consequence of  the 
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underestimation of the useful array power in the previous months: the real battery will reach a full state-of-

charge well before the simulated battery does; between these two points in time the real charge controller 

will reject array power that the simulated charge controller will not. 

 There is evidence that the real battery may be approaching full state-of-charge as early as the last 

week of February: the output of the array declines from day to day and voltages approach 14 V, the 

regulation setpoint. By the 3
rd

 of March there is strong evidence that the charge controller is limiting 

current to the battery. The battery voltage peaks at around 14.0 V and the average array output is about 13 

Amps during an hour for which the measured insolation was 383 Wh/m
2
 on the horizontal—at this 

irradiance level, the array output should have been about 42 Amps. In contrast, the controller in the 

PVToolbox simulation does not start rejecting current until March 27
th

. Thus, during nearly the whole 

month of March, the PVToolbox is considering the output of the array to be useful current while in reality 

it is not. This accounts for the significant error in the average useful array power for this month, and 

demonstrates that it is in large part an artifact of the inaccuracy of the models during the months of 

November through January. 

 In April, the PVToolbox significantly underestimates the useful array power. The major source of 

this error is illustrated in Figure 25. During the whole month of April the battery is essentially fully 

recharged, and the charge controller is rejecting most of the available array power. During the night, the 

battery discharges due to the small loads that are connected. Then, in the strong morning sunlight, the 

battery charges up, the voltage regulation setpoint is reached, and the charge controller starts limiting the 

current. With the PVToolbox, this is seen as an abrupt fall in the useful array current to a level of 2 to 4 

amps, at which it remains steady until the end of the day. In contrast, the real battery current falls off 

gradually. The difference stems from diffusion effects, which slow the response of the battery to changes in 

current. These diffusion effects are not modelled by the PVToolbox.  
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Figure 25 Useful Array Current in the Middle of April—PVToolbox vs Monitored Data 

 

 In addition, on some days the simulated useful array current seems to peak at a higher value than 

in actuality. Since the array current is being limited by the charge controller on the basis of temperature 

compensated voltage setpoints, this could be due to the battery model underestimating the battery voltage. 

Given that, in fact, the battery model voltages are typically higher than reality (see Figure 26), this suggests 

that either the estimate of the battery temperature is too low or the real charge controller is using setpoints 

considerably lower than those modelled here (see Section 4.5). Another hypothesis is that the battery model 

requires too much current to drive it to high voltages, even at high states-of-charge.  
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Figure 26 Battery Voltage in the Middle of April—PVToolbox vs Monitored Data 

 

 The first half of May is quite similar to April. Then, for the second half of May, the load increases 

significantly and the battery is drawn down (see Figure 27). In the latter half of the month, significant 

useful array currents occur. On several days, the simulated peak useful array current considerably exceeds 

the monitored peak useful array current. Some of this is due to the battery voltage being overestimated; the 

remainder is due to the array output being overestimated, probably indicating that irradiance levels are too 

high. 
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Figure 27 Useful Array Power Output in the Latter Half of May—PVToolbox vs Monitored Data 

 

 The first half of June resembles the latter half of May. Then, as the battery charges up, the 

PVToolbox starts limiting the array power before the real charge controller. This is seen in the third 

through fifth days shown in Figure 28. The real battery charges up soon thereafter, and the output of the 

simulation matches monitored data relatively closely from that point on. 

In July, the errors exhibited by the PVToolbox seem to be a mix of the types of errors already 

discussed here. Fortunately, the different types of errors largely cancel out, leaving a net error of –0.8% for 

the month. August is quite similar to July, but in the middle of the month there is about a week during 

which simulated peak array output exceeds 1000 W; the monitored data never indicates array output this 
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high. Some reasons for this type of error have already been discussed above—it is impossible to say with 

certainty what is the problem. September and October exhibit the same types of errors already discussed. 
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Figure 28 Useful Array Power in Mid June—PVToolbox vs Monitored Data 

4.4 State-of-Charge 

 

State-of-charge (SOC) is a difficult simulation output to investigate. Firstly, in real life it is 

impossible to measure without discharging the battery. Secondly, the term does not have a fixed definition, 

and different people use it differently. For example, some definitions of state-of-charge depend on the 

temperature and the discharge rate.  

Here, the PVToolbox, SOMES, and Homer are compared in terms of their predictions of state-of-

charge over the year. Evidently, monitored data is not available. RETScreen PV does not provide 

information on state-of-charge, and only limited information is available from Watsun PV. Furthermore, 

Watsun PV’s use of the term state-of-charge is ill-defined. 

In the battery model of the PVToolbox, state-of-charge is treated unambiguously. The state-of-

charge is defined as one minus the ratio of the net capacity discharged to the capacity that can be 

discharged at C/20 and 25 ºC. Since, at lower discharge rates a capacity greater than the C/20 capacity can 

be discharged from the batteries, state-of-charge can be negative with this definition.  

Homer’s state-of-charge output can be compared directly with that of the  PVToolbox. On the other 

hand, SOMES estimates SOC on the basis of what could be discharged from the battery at the current 

temperature. This means, for example, that a fully charged battery will show a state-of-charge less than one 

when the temperature is below 25ºC. To permit a better comparison of SOMES and the other tools, the 

simulation was run with the battery temperature held constant at 25ºC (for the comparison of SOC only). 

Figure 29 compares the state-of-charge over the year for the PVToolbox, SOMES and Homer. 

Significant differences are immediately apparent. PVToolbox indicates a much deeper discharge during the 

winter months than either Homer or SOMES. Part of this is due to the difference in the state of charge at 

the end of the summer (the PVToolbox indicates that the battery is never fully charged, as discussed 

below). But a major part of this stems from the PVToolbox underestimating the useful array power during 

this period at the same timer that Homer and SOMES overestimate it. This graph of SOC demonstrates why 

these errors are so critical—PVToolbox shows the system being near failure, while the other tools suggest 

that the system is oversized. In reality, the situation is probably between the two, although the very low 

voltages exhibited by the real system in late January suggest that the PVToolbox may not be too far off the 

mark. 
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Figure 29 State-of-Charge over the Year According to PVToolbox, Homer, and SOMES 

 

 During the major discharge cycle that occurs during May and June, the PVToolbox once again 

indicates a deeper discharge than either Homer or SOMES. PVToolbox underestimates the useful array 

discharge during May, but much of this overestimation may stem from the first half of the month, when the 

battery is nearly full. It is interesting that PVToolbox’s error for the useful array power during June is 

nearly zero, indicating that the PVToolbox battery reached full charge at about the same time as the real 

battery, while Homer and SOMES both significantly underestimate the useful array power in June, 

suggesting that they started limiting current to the battery earlier than in real life. This observation supports 

the conclusion that Homer and SOMES underestimate the depth of this May-June discharge cycle. 

 Another important difference between the PVToolbox and the other tools is that PVToolbox 

indicates that the battery is never fully charged; rather, it reaches a maximum state-of-charge of about 87%. 

No other tool indicates this behaviour (including Watsun PV).  During those times when the other 

simulation tools indicate that the battery is fully charged, the PVToolbox shows the battery being drawn 

down slightly during the night, charging up in the first hours of the morning, and then having the current 

cut when the voltage reaches the temperature adjusted setpoint of 14.0 V; the float voltage (13.5 V plus 

temperature adjustment) is so low that only a small current enters the battery during the day. If the day was 

very long, this current might eventually fully charge the battery, but the limited daylight hours never permit 

the state-of-charge to exceed 87%. 

 This behaviour predicted by the PVToolbox is quite a radical departure from the other tools. It 

does, however, seem reasonable. During bench testing of the Global Yuasa battery, it was found that a 

constant voltage setpoint of around 2.5 Volts per cell (15 V for a 12 V battery) was required to achieve a 

full state of charge; below this, the battery was not fully charged following a 24 hour float period. While 

this was, at least in part, due to the need for a strong gassing current to destratify the battery, it does 

qualitatively support the behaviour predicted by the PVToolbox. Furthermore, when the PVToolbox was 

run with both the bulk charge and float setpoints raised to 15 V, a 100% state of charge was achieved, as 

shown. 

 While the behaviour shown by the PVToolbox is qualitatively reasonable, it is unknown whether it 

is accurate in its prediction of the state-of-charge never reaching 100%. The behaviour reflects the battery 

models characterisation of the battery gassing, and this characterisation was based on very limited data. 

Nevertheless, it is very significant and exciting that the PVToolbox may be able to model effects of this 

type.  
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4.5 Voltage 

 

Only the PVToolbox and Watsun PV provide as output the predicted voltage of the battery as a 

function of time. Unfortunately, because Watsun PV uses monthly average loads, comparisons between its 

prediction of the battery voltage and that monitored or predicted by the PVToolbox must be qualitative 

rather than quantitative. This comparison is further complicated by the use of the Watsun PV default 

battery model, rather than a model based on Global Yuasa charge and discharge curves (see Section 5.2). 

Neither the PVToolbox nor Watsun PV are especially good at predicting the battery voltage. During 

different times of the year, they err in different ways, and sometimes one looks better than the other while 

at other times the situation is reversed. The principal problem for both tools is their inability to account for 

transport effects in the battery. These are evidenced in at least three ways: 

1) During a period of relatively constant current, an electrolyte concentration gradient is established 

in the vicinity of the plates. When the current changes (i.e., at the beginning or end of the day), 

this concentration gradient takes time to disappear (especially if the new current is low). While 

this concentration gradient exists, it exerts a strong influence on the battery voltage. 

2) In a strongly related effect, when a strong current flows through the battery, it takes time for the 

steady-state concentration gradient to be established. Until this has been established, the diffusion 

overpotential is continually changing, influencing the terminal voltage. 

3) During the winter, the battery stratifies, making the battery appear to have less capacity than it 

does in reality (since the plates are used unequally at the top, middle, and bottom). 

 

Figure 30 shows the battery voltage (monitored and simulated by Watsun PV and the PVToolbox) 

during January. There are two traces for the PVToolbox; the second is for a simulation that uses a charge 

controller with setpoints lowered by 0.15 V. By chance, the PVToolbox starts the year with a battery 

voltage nearly identical to that monitored. Over the month, however, the two diverge, with the monitored 

voltage falling far below that simulated by the PVToolbox. This may be due to stratification effects. During 

charge, the PVToolbox appears to overestimate the voltage when the current is fairly low and 

underestimate the voltage when the current is high. It may be hypothesized that low currents take a long 

time to establish the steady-state concentration gradient (effect 2 above) but when currents are high, 

stratification results in higher voltages since the useable part of the plate is smaller (effect 3).  

Watsun PV starts the year at a voltage considerably above the monitored voltage, but in mid-January, 

this very abruptly falls off to 10.5 V. This latter voltage is the discharge cut-off threshold. Despite the 

voltage reaching this level, Watsun PV indicates that there were no hours during which the system could 

not provide power to the load. This is clearly not the case. Once the voltage has fallen off, the error in the 

voltage during charge is very exaggerated. 

During February (Figure 31), the battery charges up after having been drained down over the winter. 

The monitored voltage starts out below the PVToolbox, but soon rises above it. By the end of the month, 

the monitored night time voltage of the battery is about 0.5 V above that predicted by the PVToolbox. The 

voltage probably rises faster than predicted by the PVToolbox due to severe stratification that will have 

taken place over the winter. During periods of charge, the tendencies observed in January continue. 

Watsun PV recovers from its 10.5 V discharge cutoff slump in mid-February, and abruptly jumps up 

to a level slightly above the monitored voltage. For the rest of the month Watsun’s night time voltage is 

closer to reality than is the PVToolbox. This masks the fact that, like the PVToolbox, it starts out higher 

than reality, but by the end of the month, the monitored battery voltage is at the same level, or even a bit 

above. Like the PVToolbox, Watsun PV underestimates the voltage during periods of charge. 
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Figure 30 Battery Voltage  During January 
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Figure 31 Battery Voltage  During February 

 

During March, the battery is charged to the point where the charge controller starts limiting the 

current (see Figure 32). The PVToolbox chronically underestimates the night time voltage. But part of this 

difference is certainly due to diffusion effects (specifically, effect 1): during the night, the monitored 

battery voltage declines significantly as the concentration gradient in battery slowly adjusts to discharge 

currents rather than charge currents. Perhaps if the night were longer the monitored battery voltage would 

fall to the level predicted by the PVToolbox. Conversely, during those days when the charge controller 

does not limit the current, the PVToolbox overestimates the battery voltage quite significantly. The battery 

being at a high state-of-charge, little current is required for the PVToolbox to drive the battery to a high 
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voltage; in reality, it will be some time before the current has established the concentration gradient that 

will result in high voltages. During the period shown in Figure 32, Watsun PV predicts the battery voltage 

more accurately than the PVToolbox, on both charge and discharge. 
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Figure 32 Battery Voltage During Late March 

 

 Close examination of those days when the charge current is being limited by the charge controller 

revealed that the real charge controller seems to use control setpoints a couple tenths of a volt below those 

used in the simulations. Figure 33 shows the battery voltage over a day. The monitored bulk and float 

voltage best matches the trace “PVToolbox Low SP”, which has setpoints lowered by 0.15 V. Although the 

Trace C-40 manual is unclear on the matter, it may be that the charge controller setpoints are referenced to 

20ºC and not 25ºC. The 5 V difference corresponds to a -0.15 V offset in the control setpoints. 

Figure 33 also shows how the simulated voltage rises and falls more abruptly than the monitored 

voltage. This probably reflects the first and second diffusion effects mentioned above. 
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Figure 33 Battery Voltage Over One Day with Charge Controller Limiting Current 
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Figure 34 Battery Voltage During May-June Discharge 

 

Figures 34 and 35 show the battery voltage during the early summer and the late summer. The effects of 

diffusion are quite visible. During these periods, the PVToolbox appears to consistently overestimate the 

votlage of the battery on charge. Part of the reason that WatsunPV is so much in error during these periods 

is its use of average monthly loads. 



 

PVToolbox Gwaii Haanas Verification GPCo Inc 30 

 

 

11.5

12

12.5

13

13.5

14

14.5

5000 5200 5400 5600 5800 6000
Hour

B
a

tt
e

ry
 V

o
lt

a
g

e

PVToolbox Monitored WatsunPV PVToolbox Low SP

 
Figure 35 Battery Voltage during Late Summer 

 

The battery voltage in the last month of the year is shown in Figure 36. The PVToolbox performs 

quite well during this month; Watsun PV fares less well. 
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Figure 36 Battery Voltage during December 
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5 Discussion 

5.1 Flexibility and Open Architecture 

 

While running the five tools used in this comparison it became clear that a major advantage of the 

PVToolbox as a research tool is its flexibility and open architecture. In numerous areas, the other tools 

were unable to do exactly what was required, while the PVToolbox could be adjusted to suit the 

requirements: 

1) The PVToolbox was the only tool that permitted current loads to be entered on an hourly basis. It 

could also, if required, use power and resistive loads on any time basis desired.  

2) The PVToolbox and SOMES were the only tools that permitted solar radiation data to be entered 

in local time. On the other hand, if solar radiation data had been available only in solar time, 

SOMES would have been unable to accommodate this, but the PVToolbox would have had no 

problems. 

3) The PVToolbox was the only tool that could simulate all the components of the real system. 

While Watsun PV contains a charge controller, it could not use a bulk setpoint different from the 

float setpoint. Homer, SOMES, and RETScreen PV did not take the behaviour of the controller 

into account at all. The PVToolbox was also the only tool that could model the two, differently 

oriented sub-arrays. 

4) The PVToolbox was also the only tool that could provide all the desired output data of currents, 

voltages, insolation, and state-of-charge.  

5) Furthermore, when the definition of a term such as state-of-charge was unclear, it was the only 

tool that permitted the user to look at the workings of the system to determine how the variable 

was actually being generated.  

6) With the PVToolbox, any crashes that might have occurred (none did occur, in fact) could have 

been investigated by the user. Homer crashed once, for unknown reasons, while Watsun PV gave 

error messages and stopped running repeatedly, requiring some guesswork to determine the 

problem. 

 

Of course, there is a price to pay for this flexibility. The PVToolbox executes the slowest of these 

tools by far; in comparison, the others are nearly instantaneous.  The other tools also include “slick” 

specialized utilities for viewing and interpreting output, running sensitivity analyses (Homer) and 

generating loads (Homer).  

5.2 Battery Models: Watsun PV vs PVToolbox 

 

Other than the PVToolbox, only WatsunPV permits the user to specify parameters describing the 

voltage/current behaviour of the battery. In the simulations discussed in this report, however, the default 

Watsun PV battery model was used. Unfortunately, this was necessary since Watsun PV’s battery model 

was unable to make use of the charge and discharge curves available for the Global Yuasa battery. 

Watsun PV permits the user to enter voltage versus time information for different constant current 

and temperature conditions.  Initially I attempted to use the same data as was used to calibrate the 

PVToolbox battery model. When these curves were entered, however, Watsun PV would not run due to 

various error messages. 

These error messages were in part due to the charge and discharge curves not being exactly of the 

type required by Watsun PV. But even if such curves were available, the model may not have accepted 

them as an input, due to a fundamental flaw in the Watsun PV model.  

The Watsun PV model assumes that the (usually) marked upswing in voltage towards the end of 

charge indicates the onset of gassing. While often the voltage at which this occurs is in the vicinity of the 

voltage at which gassing starts, this is purely coincidental. As becomes clear from examination of the 

PVToolbox battery model, gassing serves to decrease the slope of the voltage versus time curve, and 

ultimately bring its slope to 0, not increase the slope as proposed by Watsun PV. That Watsun PV’s 

assumption is incorrect is proven by another assumption underlying Watsun PV: it is assumed that the rate 

of gassing is purely a function of voltage. Since the voltage at the aforementioned point of inflection occurs 
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varies from one charge rate to the next, Watsun PV is essentially assuming that the voltage at which 

gassing starts is a function of charge rate—a contradiction of assumptions. 

Watsun PV permits the user to specify gassing as a function of the voltage rise above the onset of 

gassing. The gassing reaction limits the voltage which the battery can reach: the maximum voltage for a 

given charge rate is the voltage at which the gassing current equals the charge rate. In the charge curves 

available for the Global Yuasa battery, at lower charge rates the point of inflection occurred at a voltage 

well below the voltage plateau at the end of charge. Since Watsun PV identifies the point of inflection as 

the onset of gassing, it rejected the curves due to the plateaux being higher than the maximum permissable 

battery voltage. 

In order to work around this problem, the charge curves and the gassing curve were adjusted. This 

permitted the simulation to start, but it was halted after several thousand hours with a “negative waste 

current” error. It appeared that with the adjusted data, under certain conditions the voltage changed too 

quickly for Watsun PV, and it failed due to voltage instability. Watsun PV’s manual suggests that this error 

may require using a larger battery! 

This failing of the Watsun PV battery model demonstrates one weakness of the curve-fitting 

approach to battery modelling. While the PVToolbox model is semi-empirical, it at least attempts to have 

some basis in the underlying physical reality of the battery. In contrast, the Watsun PV model is largely an 

exercise in curve-fitting. In many ways it is much simpler than the PVToolbox model, but because it 

ignores the underlying reality, it makes assumptions that may work reasonably well some of the time, but 

can not be hoped to work in the general case. 

 In summary, while using it to model the Gwaii Haanas system, the Watsun PV battery model was 

seen to have the following shortcomings: 

1) At least one assumption underlying the model is suspect, and this may prevent the model from 

working with some battery charge and discharge curves. 

2) The whole charge curve, from low state-of-charge to gassing plateau, must be provided at 

various temperatures and charge currents. 

3) The program is quite restricted in what it can accept for temperature and currents for the 

discharge/charge curves. Three of the curves must be at the same temperature but three different 

currents: high, medium, and low. The remaining two curves must be at medium current but at 

different temperatures.  

4) The user is required to supply a gassing curve that will, in general, be unknown. The user can 

infer it from data, but Watsun PV does not mention that this is the case, let alone show how it 

can be done. 

5) When an error occurs, the user is left guessing why and and what needs to be done. Frequently 

the error messages do not give sufficient information to easily understand the nature of the 

problem. 
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6 Conclusions 
 

Due to problems with the monitoring system, the Gwaii Haanas data had to be processed to correct 

for significant errors. This leads to a number of conclusions concerning the monitoring of PV systems. The 

first is that current sensors should have an absolute error much smaller than the net average current (loads 

minus generating sources) . For instance, in this system the winter time net average current is a few amps. 

This is of the same order as the absolute error of the current sensors, and for this reason the error is very 

problematic. Second, if currents are expected to be low much of the time, the accuracy of the current sensor 

around 0 should be good. This may require the use of two current sensors installed in parallel for the same 

variable, one with a narrow range and one with a wide range. When the currents are low, the reading from 

the first is used; when they are large the reading from the second is used. Third, it may be helpful to avoid 

bidirectional sensors when readings around zero will be the norm. 

 Compared to the other simulation tools, the PVToolbox underestimates the insolation during the 

winter months whenever the insolation for the hour is above about 100 Wh/m
2
. If the PVToolbox 

performed more similarly to these models during the moderately overcast days, it would more closely 

match reality. This may be due to the use of different models for the diffuse irradiance on a sloped surface: 

the other tools use the Perez model whereas the PVToolbox uses the HDKR model, which is known to 

produce estimates lower than those of the Perez model. 

The PVToolbox Tilt routine includes limits on the beam radiation in the plane of the array that 

prevent it from exceeding the beam radiation that would penetrate the ASHRAE standard clear sky. For 

certain hours, this limit resulted in the PVToolbox’s estimate of the insolation in the plane of the array 

being markedly lower than the estimates of the other tools. Although no rigorous investigation was done, 

“spot checks” of the array current indicated that even with this limit the insolation during these hours was 

being overestimated. This suggests that the inclusion of such a limit is appropriate. 

 During the low insolation months of November through January, PVToolbox appears to 

systematically underestimate the useful array output power by about 7 to 15%. In contrast, the other tools 

overestimate the usefual array power during these same months by  15 to 30% (for Watsun PV and 

SOMES) or 35 to 55% (Homer). This is very significant for stand-alone systems, because it is these low 

insolation months which determine system sizing and system reliability. 

 At very low insolation levels, the PVToolbox PV module model’s translation equations for 

temperature result in estimates of the array output that are too low. The translation equation shifts the short-

circuit current up or down by an amount proportional to the temperature difference. Thus, the shift is the 

same regardless of whether the insolation is 1000 W/m
2
 or 10 W/m

2
. As a result, with a voltage of 12 V and 

an ambient temperature of 5ºC, the array model used for Gwaii Haanas produces no current until the 

irradiance level exceeds 11 W/m
2
. This is appropriate for strong irradiance levels, but overestimates the 

reduction in the short circuit current at low insolation levels. 

 Neither the PVToolbox nor Watsun PV are especially good at predicting the battery voltage. 

During different times of the year, they err in different ways, and sometimes one looks better than the other 

while at other times the situation is reversed. The principal problem for both tools is their inability to 

account for transport effects in the battery. 

 While running the five tools used in this comparison it became clear that a major advantage of the 

PVToolbox as a research tool is its flexibility and open architecture. In numerous areas, the other tools 

were unable to do exactly what was required, while the PVToolbox could be adjusted to suit our 

requirements in terms of input data, types of loads, types of output, components included and their 

configuration. Furthermore, being able to “look” into components to see how they were operating (or why 

they were crashing) was very helpful with the PVToolbox, but not possible with the other tools.  On the 

other hand, the PVToolbox was orders of magnitude slower than the other tools. 
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Appendix A Watsun PV Output File including Input Parameters 
 

                      ************************************ 

                      *                                  * 

                      *                                  * 

                      *                                  * 

                      *          WATSUN-PV 6.0           * 

                      *                                  * 

                      *                                  * 

                      *                                  * 

                      *      UNIVERSITY OF WATERLOO      * 

                      *          FEBRUARY 1997           * 

                      *                                  * 

                      *                                  * 

                      *                                  * 

                      ************************************ 

 

 

 

                      DEVELOPED BY: 

 

                          THE SYSTEMS DESIGN ENERGY GROUP 

                          DEPARTMENT OF SYSTEMS DESIGN ENGINEERING 

 

 

 

 

 SIMULATION DATA FILE: C:\WATSUNPV\GWAII.DAT   

 ARRAY DATA FILE: C:\WATSUNPV\GWAII.ARR   

 BATTERY DATA FILE: C:\WATSUNPV\DEFGWAII.BTR   

 INVERTER DATA FILE: C:\WATSUNPV\GWAII.INV   

 LOAD DATA FILE: C:\WATSUNPV\GWAII.LOD   

 NUMBER OF ARRAYS:           1 

 NUMBER OF BATTERIES:        1 

 

Gwaii system                                                                     
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 SABB 2000  gwaiihaanas park         WATSUN-PV 6.0  19:2 12 30 16:12:00 

 Gwaii system                                                                     

 

                          ***************************** 

                          *  ENERGY ANALYSIS SUMMARY  * 

                          ***************************** 

 

  +---+--------+--------+--------+--------+--------+--------+--------+--------+ 

    M  INCIDENT  AVAIL-  BATTERY  BATTERY   POWER    ENERGY   TOTAL    TOTAL    

    O   RADIA-    ABLE    ENERGY   ENERGY   LOSSES   WASTED  AC & DC  FRACTION  

    N    TION    ARRAY    INPUT    OUTPUT                      LOAD    DELIV-   

    T            OUTPUT                                       DELIV.   ERED     

    H    (MWh)    (MWh)    (MWh)    (MWh)    (MWh)    (MWh)    (MWh) 

  +---+--------+--------+--------+--------+--------+--------+--------+--------+ 

   JAN   0.111    0.011    0.006    0.015    0.000    0.000    0.020    1.000 

   FEB   0.372    0.039    0.034    0.009    0.000    0.000    0.014    1.000 

   MAR   0.426    0.046    0.032    0.014    0.000    0.002    0.026    1.000 

   APR   0.785    0.076    0.044    0.010    0.000    0.021    0.021    1.000 

   MAY   0.873    0.095    0.056    0.040    0.000    0.004    0.075    1.000 

   JUN   0.775    0.080    0.047    0.018    0.000    0.008    0.042    1.000 

   JUL   0.750    0.079    0.046    0.027    0.000    0.004    0.057    1.000 

   AUG   0.670    0.070    0.041    0.033    0.000    0.006    0.056    1.000 

   SEP   0.505    0.052    0.033    0.016    0.000    0.007    0.028    1.000 

   OCT   0.286    0.031    0.021    0.018    0.000    0.001    0.027    1.000 

   NOV   0.130    0.014    0.008    0.017    0.000    0.000    0.024    1.000 

   DEC   0.117    0.012    0.007    0.018    0.000    0.000    0.023    1.000 

  +---+--------+--------+--------+--------+--------+--------+--------+--------+ 

   TOT   5.800    0.605    0.375    0.236    0.000    0.052    0.414    1.000 

  +---+--------+--------+--------+--------+--------+--------+--------+--------+ 

  

 

  

 

  +---+--------+--------+ 

    M   TOTAL   CONVERT.  

    O   WIRING    AND     

    N   LOSSES  INVERTOR  

    T            LOSSES   

    H    (kWh)    (kWh) 

  +---+--------+--------+ 

   JAN   0.000    0.000 

   FEB   0.000    0.000 

   MAR   0.000    0.000 

   APR   0.000    0.000 

   MAY   0.000    0.000 

   JUN   0.000    0.000 

   JUL   0.000    0.000 

   AUG   0.000    0.000 

   SEP   0.000    0.000 

   OCT   0.000    0.000 

   NOV   0.000    0.000 

   DEC   0.000    0.000 

  +---+--------+--------+ 

   TOT 

  +---+--------+--------+ 
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 SABB 2000  gwaiihaanas park         WATSUN-PV 6.0  19:2 12 30 16:12:00 

 Gwaii system                                                                     

                       BATTERY STATE-OF-CHARGE HISTOGRAM          

                  (Vertical Axis is Percentage of Time =8760.hrs.) 

+     100.+  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

       90.+  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

       80.+  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

       70.+  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

       60.+  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

       50.+  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                         **| 

          |  |                                                         **| 

       40.+  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

       30.+  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

       20.+  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

          |  |                                                      ** **| 

          |  |                                                      ** **| 

       10.+  |                                                      ** **| 

          |  |                                                **    ** **| 

          |  |                                                ** ** ** **| 

          |  |               **                            ** ** ** ** **| 

          |  |      ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** ** **| 

        0.+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+ 

          NEG 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

                            BATTERY STATE-OF CHARGE (%) 

         (  0) (  0) (  2) (  4) (  2) (  2) (  1) (  1) (  3) (  6) ( 43) 

            (  0) (  1) (  2) (  3) (  1) (  3) (  1) (  1) (  7) ( 14) 
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 SABB 2000  gwaiihaanas park         WATSUN-PV 6.0  19:2 12 30 16:12:00 

 Gwaii system                                                                     

                CHARGE PERIOD INITIAL STATE-OF-CHARGE HISTOGRAM   

                  (Vertical Axis is Percentage of Time =2578.hrs.) 

+     100.+  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

       90.+  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

       80.+  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

       70.+  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

          |  |                                                           | 

       60.+  |                                                           | 

          |  |                                                           | 

          |  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

       50.+  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

       40.+  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

       30.+  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

       20.+  |                                                         **| 

          |  |                                                         **| 

          |  |                                                         **| 

          |  |                                                      ** **| 

          |  |                                                      ** **| 

       10.+  |                                                      ** **| 

          |  |                                                      ** **| 

          |  |                                                **    ** **| 

          |  |                                                ** ** ** **| 

          |  |      ** ** ** ** ** **       **             ** ** ** ** **| 

        0.+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+--+ 

          NEG 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 

                            BATTERY STATE-OF CHARGE (%) 

         (  0) (  0) (  2) (  2) (  1) (  1) (  1) (  1) (  3) (  5) ( 56) 

            (  0) (  1) (  1) (  1) (  1) (  2) (  1) (  1) (  6) ( 13) 

  Minimum Battery State =     11.2202    % 

 



 

PVToolbox Gwaii Haanas Verification GPCo Inc 38 

 

 

 

 SABB 2000  gwaiihaanas park         WATSUN-PV 6.0  19:2 12 30 16:12:00 

 Gwaii system                                                                     

 

 Simulation Data 

 --------------- 

  S1  Simulation Year (0 for TMY)...................    2000.000  year          

  S2  Simulation Period.............................     365.000  days          

  S3  Start Day Number (Jan 1 =1, Feb 1 =32, etc.)..       1.000  day           

  S4  Initial State of Charge.......................      28.640  %             

  S5  Detailed Print Interval (No=0, 1=hour, etc)...       1.000  hour          

  S6  Starting hour of detailed print (No=0)........       1.000  hour          

  S7  Detailed Analysis Period: - Start Day.........       1.000  day           

  S8                            - End Day...........     365.000  day           

  S9  Battery Temp. Control (Fixed., Amb., Min.)....     Ambient                

  S10 Parameter not used                                                        

  S11 Initial Battery Temperature...................      10.000  C             

  S12 Altitude at System Location...................       0.000  m             

  S13 Relative Error Index (1 to 100)...............      30.000                

  S14 Maximum Number of Iterations..................     100.000                

  S15 Economic Analysis (Block E) required..........          No                

 

 Control Data 

 ------------ 

  R1  Array control (MPPT, Clamped, 3-Stage, None)..     Clamped                

  R2  Ref. Temp. for Maximum Charging Voltage.......      25.000  C             

  R3  Voltage Temperature Coefficient...............   3.000E-02  V/C           

  R4  Maximum Charging Voltage at Ref. Temp.........      14.000  V             

  R5  Parameter not used                                                        

  R6  Parameter not used                                                        

  R7  Parameter not used                                                        

  R8  Parameter not used                                                        

  R9  Trickle Charge Control (Yes/No)...............          No                

  R10 Parameter not used                                                        

  R11 Regulator Type (Series/Shunt).................      Series                

  R12 Regulator Relay Current.......................   5.000E-03  Amps          

 

 Array Data 

 ---------- 

  A1  Number of Series Groups in Parallel...........      20.000                

  A2  Number of Modules in Series...................       1.000                

  A3  Area per Module...............................       0.566  m2            

  A4  Tracking Method (No, 2-axis, 1-axis, Azmt)....          No                

  A5  Collector Slope...............................      41.000  deg           

  A6  Collector Azimuth (0 to equator, +=west)......       0.000  deg           

  A7  Tilting Algorithm (Auto, Perez, Hay, Watsun)..        Auto                

  A8  Reference Array Operating Temperature.........      20.000  C             

  A9  Reference Insolation Level....................    1000.000  W/m2          

  A10 Reference MPP Voltage.........................      17.000  V             

  A11 Reference MPP Current.........................       4.400  Amps          

  A12 Reference Open Circuit Voltage................      21.700  V             

  A13 Reference Short Circuit Current...............       4.800  Amps          

  A14 Array Lead-In Resistance......................       0.000  Ohms          

  A15 Array Wind Speed Correction Factor............       0.100                

 

 Detailed Array Data 

 ------------------- 

  D1  Alpha.........................................   4.200E-04  1/C           

  D2  Beta..........................................       0.500                

  D3  Gamma.........................................   3.500E-03  1/C           

  D4  Front Panel.....Solar Absorptance.............       0.900                

  D5             .....Emissivity....................       0.950                

  D6             .....Transmittance (visible).......       0.950                

  D7             .....Transmittance (infrared)......       0.900                

  D8  Back Panel......Emissivity....................       0.900                

  D9  Incidence Angle Modifiers (Vert.).............     PROFILE                

    Angle Values..................................  degrees    

          0.000    30.000    45.000    60.000    90.000                         

    Akt Values....................................             

          1.000     1.000     0.970     0.877     0.000                         
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Battery Data 

 ------------ 

  B1  Battery Type (Lead-Acid/Ni-Cad)...............   Lead-Acid                

  B2  Battery Capacity..............................    2550.000  Amp-hrs       

  B3  Nominal Battery Voltage.......................      12.000  V             

 

 Battery Aging Data 

 ------------------ 

  A1  Aging Calculations Required (No/Yes)..........          No                

  A2  Electrolyte Volume............................       6.000  litres        

  A3  Recombination Rate............................       0.000  cm3/hr        

  A4  Battery Calendar Lifetime.....................       5.000  years         

  A5  Nominal Cycle Life for Reference Cycle........     200.000  cycles        

  A6  Reference Cycle Depth (vs. Nominal Capacity)..      50.000  %             

  A7  Cycle Life vs. Depth of Discharge.............     PROFILE                

    Cycle Life over Nominal Cycle Life............  * ref      

         25.000     2.500     1.000     0.500     0.300                         

    Cycle Depth over Reference Cycle Depth........  * ref      

      1.000E-02     0.400     1.000     1.600     1.900                         

 

 Reference Cell Data 

 ------------------- 

  R1  Reference Cell Capacity.......................      50.000  Amp-hrs       

  R2  Reference Cell Voltage........................       2.000  V             

  R3  Reference Cell Discharge Cut-Off Voltage......       1.750  V             

  R4  20-hour Charge Current........................       2.250  Amps          

  R5  Gassing Current vs. (V-Vg)....................     PROFILE                

    Voltage Differential Above Initial Gassing....  V          

          0.000     0.200     0.300     0.400     0.500                         

    Gassing Current wrt. 20-Hour Charge Rate......  I-20       

          0.000     0.139     0.278     1.250     2.417                         

 

Reference Cell Charge Curve Data 

 -------------------------------- 

  C1  Number of Charge Curve Supplied...............       5.000                

  C2  Temp. and Current for Each Curve..............     PROFILE                

    Temperature Values for Each Curve.............  Celsius    

         30.000    30.000    30.000   -20.000   -40.000                         

    Current Values for Each Curve.................  Amps       

          3.529     0.623 5.900E-02     0.623     0.623                         

  C3  Cell Voltage vs. Time for Curve 1.............     PROFILE                

    Time..........................................  hours      

          0.000    10.800    11.400    12.000    13.200                         

    Voltage.......................................  Volts      

          2.030     2.200     2.230     2.290     2.500                         

  C4  Cell Voltage vs. Time for Curve 2.............     PROFILE                

    Time..........................................  hours      

          0.000    72.000    76.000    80.000    84.000                         

    Voltage.......................................  Volts      

          2.010     2.170     2.230     2.300     2.400                         

  C5  Cell Voltage vs. Time for Curve 3.............     PROFILE                

    Time..........................................  hours      

          0.000   980.000   983.000   987.000   990.000                         

    Voltage.......................................  Volts      

          2.000     2.160     2.161     2.162     2.163                         

  C6  Cell Voltage vs. Time for Curve 4.............     PROFILE                

    Time..........................................  hours      

          0.000    72.000    76.000    80.000    84.000                         

    Voltage.......................................  Volts      

          2.010     2.400     2.460     2.530     2.630                         

  C7  Cell Voltage vs. Time for Curve 5.............     PROFILE                

    Time..........................................  hours      

          0.000    72.000    76.000    80.000    84.000                         

    Voltage.......................................  Volts      

          2.010     2.500     2.560     2.630     2.730                         
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Reference Cell Discharge Curve Data 

 ----------------------------------- 

  D1  Number of Discharge Curve Supplied............       5.000                

  D2  Temp. and Current for Each Curve..............     PROFILE                

    Temperature Values for Each Curve.............  Celsius    

         30.000    30.000    30.000   -20.000   -40.000                         

    Current Values for Each Curve.................  Amps       

          3.529     0.623 5.900E-02     0.623     0.623                         

  D3  Cell Voltage vs. Time for Curve 1.............     PROFILE                

    Time..........................................  hours      

          0.000     7.080     9.360    10.920    12.000                         

    Voltage.......................................  Volts      

          2.100     2.020     1.975     1.920     1.751                         

  D4  Cell Voltage vs. Time for Curve 2.............     PROFILE                

    Time..........................................  hours      

          0.000    47.200    62.400    72.800    80.000                         

    Voltage.......................................  Volts      

          2.100     2.020     1.975     1.920     1.751                         

  D5  Cell Voltage vs. Time for Curve 3.............     PROFILE                

    Time..........................................  hours      

          0.000   566.400   748.800   873.600   960.000                         

    Voltage.......................................  Volts      

          2.100     2.020     1.980     1.920     1.800                         

  D6  Cell Voltage vs. Time for Curve 4.............     PROFILE                

    Time..........................................  hours      

          0.000    28.300    37.400    43.700    48.000                         

    Voltage.......................................  Volts      

          2.050     2.010     1.980     1.960     1.751                         

  D7  Cell Voltage vs. Time for Curve 5.............     PROFILE                

    Time..........................................  hours      

          0.000    18.800    24.900    29.100    32.000                         

    Voltage.......................................  Volts      

          2.030     2.000     1.975     1.940     1.751                         
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 Inverter (DC to AC) Data [Stand-Alone] 

 -------------------------------------- 

  I1  Nominal DC Voltage............................      12.000  V             

  I2  Inverter Power Rating.........................    1000.000  W             

  I3  Inverter Efficiency vs. Load Derating.........     PROFILE                

    Inverter Efficiency...........................  %          

         90.000    92.500    95.000    96.000    97.000                         

         96.000    95.000    92.000    85.000     0.000                         

    Load Derating below Nominal Power Rating......  % lower    

          0.000    25.000    50.000    67.000    84.000                         

         86.000    92.000    96.000    98.000   100.000                         

 

DC Load Data 

 ------------ 

  L1  DC Load Voltage (nominal).....................      12.000  V             

  L2  Minimum DC Load Voltage (LVD function)........      10.000  V             

  L3  DC Load Lead Resistance (DC)..................       0.000  Ohms          

  L4  Type of DC Load (Current/Power/Resist.).......     Current                

  L5  Parameter not used                                                        

  L6  Number of Days in "weekdays"..................       7.000  days          

  L7  Number of Days in "week"......................       7.000  days          

  L8  Essential DC Load Delivery (Yes/No)...........          No                

  L9  Maximum Essential DC Load for "weekdays"......       0.000  Amps          

  L10 Maximum Essential DC Load for "weekends"......       0.000  Amps          

  L11 Maximum Full DC Load for "weekdays"...........     100.000  Amps          

  L12 Maximum Full DC Load for "weekends"...........     100.000  Amps          

L15 Total DC Load Fraction - "weekdays"...........     PROFILE  fraction      

       1:     1.000   7:     1.000  13:     1.000  19:     1.000                

       2:     1.000   8:     1.000  14:     1.000  20:     1.000                

       3:     1.000   9:     1.000  15:     1.000  21:     1.000                

       4:     1.000  10:     1.000  16:     1.000  22:     1.000                

       5:     1.000  11:     1.000  17:     1.000  23:     1.000                

       6:     1.000  12:     1.000  18:     1.000  24:     1.000                

L17 Monthly DC load scale factors.................     PROFILE                

       1: 2.320E-02   4: 2.250E-02   7: 5.890E-02  10: 2.870E-02                

       2: 1.730E-02   5: 7.870E-02   8: 5.910E-02  11: 2.620E-02                

       3: 2.670E-02   6: 4.510E-02   9: 3.080E-02  12: 2.560E-02                

 

AC Load Data 

 ------------ 

  A1  AC Load Voltage...............................      12.000  V             

  A2  Maximum AC Load for "weekdays"................       0.000  W             

  A3  Maximum AC Load for "weekends"................       0.000  W             

 

DISCHARGE CURVE INPUT DATA, WITH SOC: 

   TIME [HOURS], VOLTAGE [VOLTS], AND SOC [] 

 

 TEMP(1) =  30.0 C, CURRENT(1) =****** AMPS, CAPACITY:  ****** A-HR 

       TIME:         0.00      7.08      9.36     10.92     12.00     12.01 

       VOLTAGE:      2.10      2.02      1.98      1.92      1.75      1.75 

       CHARGE:     1.0000    0.4103    0.2204    0.0904    0.0005    0.0000 

 TEMP(2) =  30.0 C, CURRENT(2) =-31.77 AMPS, CAPACITY:  ****** A-HR 

       TIME:         0.00     47.20     62.40     72.80     80.00     80.04 

       VOLTAGE:      2.10      2.02      1.98      1.92      1.75      1.75 

       CHARGE:     1.0000    0.4103    0.2204    0.0904    0.0005    0.0000 

 TEMP(3) =  30.0 C, CURRENT(3) = -3.01 AMPS, CAPACITY:  ****** A-HR 

       TIME:         0.00    566.40    748.80    873.60    960.00    991.74 

       VOLTAGE:      2.10      2.02      1.98      1.92      1.80      1.75 

       CHARGE:     1.0000    0.4289    0.2450    0.1191    0.0320    0.0000 

 TEMP(4) = -20.0 C, CURRENT(4) =-31.77 AMPS, CAPACITY:  ****** A-HR 

       TIME:         0.00     28.30     37.40     43.70     48.00     48.02 

       VOLTAGE:      2.05      2.01      1.98      1.96      1.75      1.75 

       CHARGE:     1.0000    0.4106    0.2211    0.0899    0.0004    0.0000 

 TEMP(5) = -40.0 C, CURRENT(5) =-31.77 AMPS, CAPACITY:  ****** A-HR 

       TIME:         0.00     18.80     24.90     29.10     32.00     32.01 

       VOLTAGE:      2.03      2.00      1.98      1.94      1.75      1.75 

       CHARGE:     1.0000    0.4127    0.2222    0.0910    0.0004    0.0000 
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 CHARGE CURVE INPUT DATA, WITH SOC: 

   TIME [HOURS], VOLTAGE [VOLTS], AND SOC [] 

 

 TEMP(1) =  30.0 C, CURRENT(1) =179.98 AMPS, CAPACITY:  ****** A-HR 

       TIME:         0.00     10.80     11.40     12.00     13.20     13.85 

       VOLTAGE:      2.03      2.20      2.23      2.29      2.50      2.63 

       CHARGE:    -0.1122    0.7874    0.8368    0.8848    0.9757    1.0000 

 TEMP(2) =  30.0 C, CURRENT(2) = 31.77 AMPS, CAPACITY:  ****** A-HR 

       TIME:         0.00     72.00     76.00     80.00     84.00     86.60 

       VOLTAGE:      2.01      2.17      2.23      2.30      2.40      2.47 

       CHARGE:    -0.0131    0.8865    0.9302    0.9624    0.9877    1.0000 

 TEMP(3) =  30.0 C, CURRENT(3) =  3.01 AMPS, CAPACITY:  ****** A-HR 

       TIME:         0.00    980.00    983.00    987.00    990.00   1043.87 

       VOLTAGE:      2.00      2.16      2.16      2.16      2.16      2.18 

       CHARGE:    -0.0210    0.9672    0.9701    0.9739    0.9766    1.0000 

 TEMP(4) = -20.0 C, CURRENT(4) = 31.77 AMPS, CAPACITY:  ****** A-HR 

       TIME:         0.00     72.00     76.00     80.00     84.00     86.60 

       VOLTAGE:      2.01      2.40      2.46      2.53      2.63      2.70 

       CHARGE:    -0.6887    0.8108    0.8837    0.9373    0.9794    1.0000 

 TEMP(5) = -40.0 C, CURRENT(5) = 31.77 AMPS, CAPACITY:  ****** A-HR 

       TIME:         0.00     72.00     76.00     80.00     84.00     86.60 

       VOLTAGE:      2.01      2.50      2.56      2.63      2.73      2.80 

       CHARGE:    -1.5329    0.7162    0.8255    0.9059    0.9691    1.0000 
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Appendix B SOMES Output File including Input Parameter Values 
 

--- INPUT DATA ---------------------------------GWAII1--- Run nr. 001 pag. 1(4) 

 

LOAD -------------------   METEO FILES ------------   SYSTEM CONTROL ---------- 

Load file       GWAII.LD   Irradiation    GWAII.SOL   PV:       direct coupling 

DC load    Factor   1.00   (-132E, 53N,  -8 LocTime)   Bat:  SOC min  0% 

max100% 

Sheddable       0.00  kW   Wind speed    not in use   Diesel:       not present 

Residual        0.00  kW                                                        

Value resid.    0.00 Dfl   Amb. temp      GWAII.AMB   MPPT:         not present 

                                                      inverter :    not present 

FINANCIAL DATA ------------------------------------   rectifier:    not present 

Interest              4%   View time     20 year(s)    

 

PV ARRAY ---------------   WIND TURBINE -----------   DIESEL GENERATOR -------- 

DC Power      1496.0 kWp   AC Power          0.0 kW   AC Power           0.0 kW 

Type            STANDARD                               

Losses   0% Albedo   0.2   Wind turbine not present   Diesel not present      

Tilt   41 ø Orient   0 ø                               

Simple temperature model                               

Height  2 m  INOCT  45øC                                                      

 

BATTERY ----------------   MPPT -----------  INVERTER -------  RECTIFIER ------ 

Capacity     30600.0 kWh   Not present       Not present       Not present      

Type            STANDARD                                                        

Shepherd model       Yes                                                        

Bat. temp. is calculated                                                       

 

 

 

############################################################################### 

--- ENERGY PERFORMANCE -------------------------GWAII1--- Run nr. 001 pag. 2(4) 

 

ENERGY PRODUCTION -----------kWh----%    DEMAND------------------------kWh----% 

Total                     638469  100    Total demand (DC)          341809  100 

- PV (DC)                 638469  100    - Basic load               341809  100 

- Wind (AC)                    0    0    - Shedded load                  0    0 

- Diesel (AC)                  0    0    - Shortage                      0    0 

 

DESTINATION -----------------kWh----%    COVERAGE OF BASIC LOAD -------kWh----% 

Basic load (DC)           341809   54    - PV (directly)            132381   39 

Residual load (DC)             0    0    - Wind (directly)               0    0 

Unused (total)            278137   44    - Diesel (directly)             0    0 

Inv. + Rect. losses            0    0    - Battery (directly)       209429   61 

Battery losses             17039    3    Tot. coverage renewables           100 

 

BATTERY ---------------------kWh----%    CONVERTERS ----Input kWh----Output kWh 

Input                     227951  100    MPPT                   0             0 

- PV + WIND (DC conv)     227951  100    Inverter 1             0             0 

- Diesel (DC conv)             0    0    Inverter 2             0             0 

Output                    209429   92    Rectifier 1            0             0 

                                         Rectifier 2            0             0 

UNUSED ----------------------kWh----%     

- DC                      278137  100    SIMULATION --------------------------- 

- AC                           0    0    Duration                      365 Days 
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--- EXTENDED PERFORMANCE DATA ------------------GWAII1--- Run nr. 001 pag. 3(4) 

 

SHORTAGE DATA -----------   SHEDDABLE LOAD -----------   RESIDUAL LOAD -------- 

Total of        0   Hours   Operational          0 Hrs   Operational      0 Hrs 

Total of        0 Periods   Max shedded          0  kW   UNUSED --------------- 

Max period      0   Hours                                Operational   1202 Hrs 

Max short       0      kW                                Max unused    1257  kW 

 

PV ARRAY ----------------   WIND TURBINE -------------   DIESEL GENERATOR ----- 

Operational      5026 Hrs   Operational          0 Hrs   Operational      0 Hrs 

Capacity factor   4.9   %   Capacity factor    0.0   %   Cap. factor    0.0   % 

Max output       1304  kW   Max output           0  kW   Max output       0  kW 

Max. temperature    0  øC                                Fuel use         0 MWh 

Array eff.        8.0   %                                Diesel eff.    0.0 % 

                                                         Nr. of starts    0 

BATTERY -----------------    

Operational      5825 Hrs    

Storage cycli       7       CONVERTER OPERATION ---Hrs   SYSTEM PERFORMANCE --- 

Ave. efficiency    92   %   MPPT                     0   Reference yield   1.46 

Ave. temperature    8  øC   Inverter 1               0   Array yield       1.17 

SOC  min  28% max  97   %   Inverter 2               0   Final yield       0.66 

SOC <  5% during    0 Hrs   Rectifier 1              0   Perf. ratio       0.45 

SOC > 95% during 4837 Hrs   Rectifier 2              0   Plant eff. (%)    4.5 

Min. charge eff.   87   %   

Min discharge eff. 99   %   

 

############################################################################### 

--- HOURLY INPUT DATA AND ECONOMIC PERFORMANCE -GWAII1--- Run nr. 001 pag. 4(4) 

 

HOURLY INPUT DATA ----MIN---AVE--MAX-DAYS------------------MIN---AVE--MAX-DAYS- 

Array plane irrad.      0  61.0 1088  365  PV output MPP     0  80.1 1517  365 

Wind speed meas height  -     -    -    -  Wind turb. out.   0   0.0    0    0  

Ambient temperature    -3   8.1   21  365  Load (kW)        11  39.0  611  365 
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Appendix C RETScreen PV Input and Output 
 

RETScreen
®
 Energy Model - Photovoltaic Project

Site Conditions Estimate Notes/Range
Project name Park Warden Station
Project location Gwaii Haanas
Nearest location for weather data - Gwaii Haanas
Latitude of project location °N 52.5 -90.0 to 90.0
Annual solar radiation (tilted surface) MWh/m² 0.60
Annual average temperature °C 8.5 -20.0 to 30.0
DC energy demand for months analysed MWh 0.176
AC energy demand for months analysed MWh 0.000

System Characteristics Estimate Notes/Range
Application type - Off-grid
PV system configuration - PV/battery

  Base Case Power System
Source - Genset
Fuel type - Diesel (#2 oil)
Specific fuel consumption L/kWh 0.5500000

  Power Conditioning
Suggested inverter (DC to AC) capacity kW (AC) 0.00
Inverter capacity kW (AC) 0.0
Average inverter efficiency % 90% 80% to 95%
Miscellaneous power conditioning losses % 0% 0% to 10%

  Battery
Days of autonomy required d 63.4 1.0 to 15.0
Nominal battery voltage V 12.0 12.0 to 120.0
Battery efficiency % 75% 50% to 85%
Maximum depth of discharge % 100% 20% to 85%
Charge controller (DC to DC) efficiency % 100% 85% to 95%
Battery temperature control - Ambient
Average battery temperature derating % 3% 0% to 50%
Suggested nominal battery capacity Ah 2,662
Nominal battery capacity Ah 2,550

  PV Array
PV module type - mono-Si
PV module manufacturer / model # Siemens/ SP75
Nominal PV module efficiency % 11.9% 4.0% to 15.0%
NOCT °C 45 40 to 55
PV temperature coefficient % / °C 0.40% 0.10% to 0.50%
PV array controller - Clamped
Miscellaneous PV array losses % 0.0% 0.0% to 20.0%
Suggested nominal PV array power kWp 0.89
Nominal PV array power kWp 1.50
PV array area m² 12.6

Annual Energy Production (12.00 months analysed) Estimate Notes/Range
Equivalent DC energy demand MWh 0.176
Equivalent DC demand not met MWh 0.000
Specific yield kWh/m² 14.0
Overall PV system efficiency % 2.3%
Renewable energy delivered MWh 0.176

kWh 176

Version 2000 - Release 2                 © Minister of Natural Resources Canada 1997 - 2000. NRCan/CEDRL

Complete SR&SL sheet

See Product Database

Complete Cost Analysis sheet
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RETScreen
®
 Solar Resource and System Load Calculation - Photovoltaic Project

Site Latitude and PV Array Orientation
Nearest location for weather data
Latitude of project location
PV array tracking mode
Slope of PV array
Azimuth of PV array

Monthly Inputs

Month
January

February
March

April
May

June
July

August
September

October
November
December

Solar radiation (horizontal)
Solar radiation (tilted surface)
Average temperature

Load Characteristics
Application type
Use detailed load calculator?

DC energy demand
AC energy demand
AC peak load
Solar-load correlation

Version 2000 - Release 2 NRCan/CEDRL

Fixed

Daily average Annual
176.3
0.0

Zero

0.483
0.000

0.000

Return to Energy Model sheet

100%
100%

Notes/Range

100%
100%
100%
100%

100%
100%
100%
100%

Notes/Range

-90.0 to 90.0

0.0 to 90.0

100%

0.0 to 180.0

Monthly

solar

fraction

(%)
100%

See Weather Database

Monthly average

daily radiation

in plane of 

PV array

(kWh/m²/d)

0.50
0.60
8.5

1.26
0.90
0.83

Season of use

Estimate

0.83
1.39
1.53

6.2
4.3
4.6

Monthly 

average

temperature

(°C)

Gwaii Haanas
52.5

2.33
2.47
2.31
2.20
1.98
1.68

8.5

Estimate
Off-grid

No

5.5

Annual
0.50
0.60

13.5
11.4
9.3
7.1

10.1
7.3
9.9
12.2

41.0
0.0

°C

-

2.29
1.89
1.37
0.75

1.15
2.19

yes/no

0.34
0.25

MWh/m²
MWh/m²

2.53
2.46

kWh (AC)
kW (AC)

kWh (DC)

Monthly average

daily radiation

on horizontal

surface

(kWh/m²/d)
0.25
0.88

-
°N

°
°

-

1.00

1.00
1.00

1.00
1.00
1.00
1.00
1.00
1.00

Fraction of

month

used

(0 - 1)
1.00
1.00
1.00

-

© Minister of Natural Resources Canada 1997 - 2000.

 


