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Summary 

 
Monitored data from the Iqaluit grid-tied PV system was used to verify the 

accuracy of the PVToolbox weather, PV array, and inverter routines. The hourly 

horizontal insolation measurements were used as input; the output of PVToolbox was 

compared with the measured data for insolation in the plane of the array, system DC 

output, and system AC output. In addition, the Iqaluit system was simulated using the 

RETScreen photovoltaic project model and WatsunPV, and the output from these 

systems was compared with PVToolbox. 

 The mean bias error of the PVToolbox, in terms of converting insolation data 

from the horizontal to the plane of the array, the calculation of the system DC output, and 

the calculation of the system AC output, is roughly similar to that of WatsunPV for the 

Iqaluit grid-tied PV system. The mean bias error is roughly 22 to 26% for these tools. 

RETScreen is significantly less accurate, with a mean bias error of about 72%. The most 

troubling source of error for these hourly tools is introduced in the conversion of 

horizontal insolation data to the plane of the array. 

The PVToolbox output matches that of WatsunPV quite closely. This suggests 

that the PVToolbox is functioning correctly.  

The PVToolbox is sufficiently flexible that, despite being a hybrid simulation 

tool, it can model grid-tied systems with relatively minor modifications. The 

development of a grid-tied inverter model did not require changes to other component 

models, demonstrating that a user can make changes to individual components as 

necessary, without being too concerned about how this will affect the rest of the 

simulation components. This type of modification would be much more complicated with 

a tool such as WatsunPV. 
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1 Introduction 
 

Monitored data from the Iqaluit grid-tied PV system was used to verify the accuracy of the 

PVToolbox weather, PV array, and inverter routines. The hourly horizontal insolation measurements were 

used as input; the output of PVToolbox was compared with the measured data for insolation in the plane of 

the array, system DC output, and system AC output. In addition, the Iqaluit system was simulated using the 

RETScreen photovoltaic project model and WatsunPV, and the output from these systems was compared 

with PVToolbox. 

Although the Iqaluit system is grid-tied and the PVToolbox is meant for hybrid system simulation, 

the use of the Iqaluit system data to validate the PVToolbox makes sense. First, the Iqaluit data is a 

complete, accurate data set. Second, the system is located in at a high latitude, and thus poses a difficult 

test-case for weather modelling routines. Third, the use of the PVToolbox to simulate a grid-tied system 

will test the flexibility of the tool when faced with system configurations different from those foreseen 

during the conception of the toolbox. 

 

2 Simulation Input Data and Parameters 

2.1 PVToolbox 

 

The PVToolbox model of the Iqaluit system consisted of three components: Tilt, two PV at MPPT 

blocks, and GridInverter, as shown below in Figure 1. 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. 

 
Figure 1. The Simulink Block for the Iqaluit System 
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Tilt, responsible for reading the file containing data for hourly insolation on the horizontal and 

converting this data to the plane of the array, used the input parameters indicated in Figure 2. 

 

 
Figure 2. Input Parameters for the Weather Modelling Block 

 

The weather data file ‘iqaluit.y2k’ is the measured horizontal weather data based on standard time. 

The insolation measurements are those for the Eppley PSP pyranometer during the year 2000. This year 

was a leap year, but the data for February 29 has been eliminated from these files and the monitored data 

used for comparison purposes.  

WatsunPV requires a TMY file with values for every hour in solar time. This same input file was 

also used in certain simulations such that they could be compared directly with the WatsunPV results. This 

file, ‘iqalsolr.y2k’, was built from ‘iqaluit.y2k’ using the conversion script ‘solartime’ (see Appendix A).  

This latter program reads in a TMY file (in standard time), calculates the clearness index for every hour, 

then interpolates among these data to find a clearness index for every hour of solar time. The 

extraterrestrial radiation on the horizontal is then multiplied by the clearness index to find the hourly 

radiation on the horizontal. Note that this approach does not permit radiation before and after sunset, which 

will shorten the day and reduce slightly the amount of radiation. The output of ‘solartime’ is four columns 

of data; to convert this to TMY format, Excel is used to eliminate all but the insolation and temperature 

data columns, and then the script ‘createtmy’ is used (see Appendix B). Note that ‘createtmy’ sets the 

monthly albedo values as specified by the user. In ‘iqalsolr.y2k’ they match the monthly albedos given in 

the input parameters to the Simulink tilt block. 

Note that to use ‘iqalsolr.y2k’ with the PVToolbox, the time zone and longitude parameters were 

both set to zero. 

The PV array is modelled as two subarrays each operating at is maximum power point. The first of 

these subarrays models the three strings of 12 Siemens M55 panels in series. The parameters for this model 

are given in “Siemens String”. The second of these subarrays models the two strings of 12 Solec S-53 

panels in series. The parameters are given in “Solec String” (see Figure 3). Note that assuming that both 

arrays operate at their individual maximum power points is unrealistic; because they have different 
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maximum power points, neither will be operating at its maximum power point, assuming that the inverter 

will choose the voltage corresponding to the maximum power point for the entire array. This does not 

introduce significant error, however: an examination of the P vs V curve for the entire array shows that 

there is a broad plateau around the point of maximum power that contains the maximum power point for 

the individual arrays. The error will be around 1 to 2%, assuming that all components (modules and 

inverter) function according to specification. 

Figure 3. Input Parameters for the Siemens and Solec Subarrays 
 

 The inverter was modelled with a new component called “GridInverter”. Based on the other 

inverter and rectifier models, it uses a quadratic to model the efficiency curve of the inverter. It differs from 

these other models in that 1) DC power is the input and AC power is the output, 2) the inverter draws AC 

power when the DC input power is very low, 3) there is a low AC consumption “sleep” mode below an 

adjustable DC threshold, and 4) the efficiency curve is described in terms of efficiencies at various 

fractions of full output, rather than efficiencies at various power levels. The GridInverter model was 

developed specifically for simulation of the Iqaluit system; the stand-alone inverter models in the 

PVToolbox, while appropriate for hybrid systems, were unable to account for the AC consumption and low 

efficiency of the inverter during winter and required an ungainly algebraic feedback loop to ensure that the 

DC input “drawn” by the inverter matched the DC output of the arrays.  

 The GridInverter component models the AC consumption at low input power levels by extending 

the quadratic equation for inverter efficiency into negative values. The quadratic is extrapolated beyond the 

DC input power for zero output down to the sleep mode threshold. In reality, the PROsine inverter used at 

Iqaluit does not appear to have this behaviour: rather, the AC power consumption reaches a maximum 

about half way between the sleep mode threshold and the DC input power for zero output; between the two 

points it forms a smooth concave curve.   
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Figure 4. Input Parameters for the Inverter 

2.2 WatsunPV 

 

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

output, is provided in Appendix C. Since WatsunPV does not permit the array to consist of modules of 

different types, the values for the maximum power point voltage and current of the modules were chosen 

such that their product was equal to the average product of maximum power point current and voltage for 

the modules in the array. The open circuit voltage of the module was chosen as roughly the average open 

circuit voltage for the modules in the array.  

2.3 RETScreen 

 

 The input parameters and output for the RETScreen PV project model are provided in Appendix 

D. The hourly insolation for each month was summed to generate the monthly average daily radiation in 

the horizontal, as required. The inverter efficiency curve was integrated to find an average inverter 

efficiency of 88.9%, and this was entered into the program. 
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3 Results 
 

The monitored data and the simulations were compared in four ways: the radiation in the plane of the array, 

the DC output of the array, the AC output of the system, and the inverter efficiency. Four simulations were 

compared with the monitored data: the PVToolbox using data in standard time, the PVToolbox using data 

in solar time, RETScreen and WatsunPV.  

 

3.1 Insolation in the Plane of the Array 

 

The tools’ predictions of insolation in the plane of the array are compared on an annual basis in 

Table 1. It can be observed that 1) all tools overestimate the solar radiation in the plane of the array, 2) the 

PVToolbox and WatsunPV have very similar mean bias error when provided with the same input data, 3) 

the PVToolbox and WatsunPV have significantly lower mean bias error than RETScreen, and 4) the 

PVToolbox has a lower mean bias error when provided with the solar time input data than the standard 

time input data. This latter observation can be explained in part by the loss of radiation data before and 

after sunset using the solar time data.  

  

Data Annual Solar Radiation in 

Plane of Array (MWh/m
2
) 

Relative Error 

Measured 0.857 N/A 

RETScreen (PV) 1.13 32% 

PVToolbox w/ standard time data 0.977 14% 

WatsunPV 0.949 11% 

PVToolbox w/ solar time data 0.955 11% 

Table 1. Annual Solar Radiation in the Plane of the Array 

 

Monthly Average Daily Insolation in Plane of Array
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Figure 5. Monthly Average Daily Insolation in the Plane of the Array 
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The insolation in the plane of the array, averaged by month, is shown in Figure 5. It should be 

noted that 1) WatsunPV and the PVToolbox are very similar in their output, as would be expected of tools 

that use very similar algorithms, and 2) these two tools are significantly more accurate than RETScreen in 

the winter, spring, and late autumn, 3) in general, the PVToolbox shows a lower mean bias error than 

WatsunPV during the winter months and an higher mean bias error during the summer months.  

The PVToolbox and WatsunPV can also be compared with the monitored data on an hourly basis 

(such a comparison is obviously not possible with RETScreen, which works on a monthly basis). For the 

case of WatsunPV and the PVToolbox on solar time, the comparison is complicated by the lack of a 

convenient way to transform the output data from solar time to standard time (in the which the measured 

data is provided). Thus, the use of solar time will result in a higher root mean squared error. This can be 

seen in Table 2. It is interesting to note, however, that the root mean squared error is lower for the 

PVToolbox than WatsunPV regardless of the input data used.  

 

Root Mean Squared Error for Insolation in the Plane 

of the Array  

Simulation 

(Wh/m
2
/h) Relative to Measured 

PVToolbox w/ standard time data 51.5  52.6% 

WatsunPV 66.7  68.1% 

PVToolbox w/ solar time data 60.8  62.1% 

Table 2. Root Mean Squared Error for Insolation in the Plane of the Array 

 

The accuracy of the simulations on an hourly basis is further investigated in the Figures 6, 7, and 

8. These figures suggest that 1) on an hour-by-hour basis, there is much error in the conversion of 

horizontal to vertical insolation data, 2) WatsunPV seems to show a larger number of “outlier” points far 

from the line y=x, and 3) the PVToolbox shows a tendency to underestimate the solar radiation on the 

vertical at high irradiance levels. This last observation is not surprising since the version of the Simulink 

‘tilt’ model used with PVToolbox contained code to limit the radiation on the tilted surface to the 

maximum that could be expected according to the ASHRAE standard clear sky and the clearness index it 

implies. While such a limit eliminates problems such as the data points over 1000 W/m
2
 erroneously 

suggested by WatsunPV, in this particular case it introduces a bias at high irradiance levels, and as a 

consequence, the maximum hourly insolation value predicted by the PVToolbox is over 10% too low. In 

general, the scatter in these graphs reflects the imperfect correlation between the diffuse fraction and the 

hourly clearness index, as is assumed in these simulations. Iqbal indicates that another factor influencing 

the diffuse fraction is the solar angle, which may be significant for a high latitude site such as Iqaluit. Iqbal 

compares several correlations, including that used in WatsunPV and the PVToolbox, and comments that his 

comparison reveals “the inherent difficulty in predicting the diffuse component from global radiation for 

individual hours….None [of the correlations] is entirely satisfactory…It is obvious that considerable work 

and a completely different approach is required to solve this problem” [Iqabal, 1983]. 
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Vertical Insolation, Measured versus Simulated by PVToolbox
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Figure 6. Vertical Insolation, Measured versus Simulated by PVToolbox 

Vertical Insolation, Measured versus Simulated by WatsunPV
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Figure 7. Vertical Insolation, Measured versus Simulated by WatsunPV 
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Vertical Insolation, Measured versus Simulated by PVToolbox on Solar Time
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Figure 8. Vertical Insolation, Measured versus Simulated by PVToolbox on Solar Time 

 

An important unknown in all the simulations is the albedo. There is no way of knowing the actual 

albedo at the site, so a set of monthly albedo values have been assumed, as shown in the input parameters 

for the simulations. Overestimation of the albedo could easily account for most of the mean bias error 

observed with the WatsunPV and the PVToolbox simulations. 

These results suggest that the PVToolbox is functioning correctly. The differences between its 

results and those of WatsunPV (which uses a very similar approach) can be explained in terms of subtle 

differences between how these two are implemented. WatsunPV is an hourly simulation, while PVToolbox 

is a variable-time step simulation using hourly data. WatsunPV uses the global radiation on the horizontal 

as its input, whereas the PVToolbox converts this to a clearness index value immediately. And, as 

mentioned earlier, PVToolbox contains code to limit radiation levels to the maximum that would be 

expected based on the ASHRAE clear sky. 

3.2 System DC Output 

 

 The DC output of the system predicted by the three tools are compared with measured data in 

Table 3. Here, the input data for insolation in the plane of the array is that predicted by the same tool. Thus 

the error for the conversion of horizontal to tilted insolation is included in these errors and is, in fact, the 

principal source of error.  All tools overestimate the production of the array. RETScreen has the highest 

mean bias error, having increased 23 percentage points over the error for insolation in the plane of the 

array; WatsunPV’s error has increased by 10 percentage points while the PVToolbox’s error has risen by 8 

to 9 percentage points. One reason that the PVToolbox performs slightly better than WatsunPV at this stage 

is the difference in the assumed efficiency of the tracking of the maximum power point. In WatsunPV this 

is assumed to be perfect; in the PVToolbox an efficiency of 99% has been specified. The latter value is 

more realistic, given the two different types of modules used in the array. All tools suggest that the array at 

Iqaluit is performing below specification. Examination of the measured data for Iqaluit strongly suggest 

that while the Siemens modules are performing well, the Solec modules function poorly. Thus the “error” 

in the simulation most likely reflects the discrepancy between the specified and the actual operating 

characteristics of the Solec sub-arrays. 
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Data System DC Output (MWh) Relative Error 

Measured 2.46 N/A 

RETScreen (PV) 3.83 55% 

PVToolbox w/ standard time data 3.01 22% 

WatsunPV 2.97 21% 

PVToolbox w/ solar time data 2.94 20% 

Table 3. System DC Output 

 

 Figure 9 shows how the system DC output varies by month. The results for WatsunPV and the 

PVToolbox are very similar. In absolute terms, the biggest errors are introduced during the summer 

months. 

 

Monthly System DC Output
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Figure 9. Monthly System DC Output 

 

 The root mean squared error for the PVToolbox and WatsunPV are compared in Table 4; as in the 

comparison of the insolation in the plane of the array, the use of two different time bases introduces some 

imprecision to the comparison. All three simulations show a roughly 10 percentage point increase in RMS 

error for the calculation of the system DC output.  

 

Root Mean Squared Error for  DC Output Simulation 

(Wh/h) Relative to Measured 

PVToolbox w/ standard time data 179  64% 

WatsunPV 216 77% 

PVToolbox w/ solar time data 198  71% 

Table 4. Root Mean Squared Error for DC Output 
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3.3 System AC Output 

 

Table 5 shows that only RETScreen introduces significant additional bias in the process of 

calculating the system AC output. For WatsunPV and the PVToolbox, the mean bias error increases by 2 to 

4 percentage points. As shown in Figure 10, on a monthly basis the mean performance of WatsunPV and 

the PVToolbox is very close.  

 

Data System AC Output (MWh) Relative Error 

Measured 1.98 N/A 

RETScreen (PV) 3.40 72% 

PVToolbox w/ standard time data 2.49 26% 

WatsunPV 2.43 23% 

PVToolbox w/ solar time data 2.42 22% 

Table 5. System AC Output 
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Figure 10. Monthly System AC Output 
 

 The root mean squared error for the AC output increases more for WatsunPV than for the 

PVToolbox, as shown in Table 6. This may reflect that the PVToolbox models a sleep mode for the 

inverter, which results in a 3 W power draw when the inverter is “off”, and WatsunPV does not. The 

measured data suggests a sleep mode power requirement of roughly 3 Watts; since this is higher than 

suggested by the specification, it is probable that there is a component of this reading that is a bias in the 

measurement. Nevertheless, the inclusion of a sleep mode power draw in the PVToolbox results in a more 

realistic simulation. 



 

PVToolbox Iqaluit Verification GPCo Inc 11 

 

 

 

Root Mean Squared Error for  AC Output Simulation 

(Wh/h) Relative to Measured 

PVToolbox w/ standard time data 166  73% 

WatsunPV 203 90% 

PVToolbox w/ solar time data 184 81% 

Table 6. Root Mean Squared Error for AC Output 

 

 The monthly inverter efficiency is shown in Figure 11. While no simulation accurately predicts the 

inverter efficiency during the winter months, WatsunPV is markedly worse than  the PVToolbox. There are 

two hypotheses for this. First, when the inverter input power is below a certain threshold, the inverter 

consumes power from the grid. This is modelled by the PVToolbox, but not by WatsunPV. In most 

installations, this will result in a very minor error in the simulation. In Iqaluit, however, there is little bright 

sunshine during the winter months and the resulting inverter efficiency is very low. Second, if WatsunPV 

tends to overestimate the system DC output more than the PVToolbox does, the nonlinear inverter 

efficiency curve will exaggerate these errors.  
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Figure 11. Monthly Inverter Efficiency 

 

The additional mean bias error and root mean squared error introduced in the conversion of system 

DC output to system AC output does not necessarily mean that the inverter model is inaccurate. Further, the 

overestimation of the inverter efficiency during the winter does not necessarily reflect that the inverter 

model overestimates the instantaneous inverter efficiency. Rather, these errors can stem from the efficiency 

being a function of the inverter input power, such that errors in the input power (i.e., the system DC output) 

will lead to greater errors in the system AC output. 

This is investigated in Figures 12 and 13. Here, the input to the grid inverter model of the 

PVToolbox is the measured DC output of the system. Now the modelled inverter output matches the 

measured data very closely. On the other hand, during the winter months the modelled inverter efficiency 

now appears too low. 
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Monthly System AC Output 
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Figure 12.  Monthly System AC Output Based on Measured DC Output 

Monthly Inverter Efficiency Based on Measured DC Output

-0.2

0

0.2

0.4

0.6

0.8

1

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

Month (1=January)

E
ff

ic
ie

n
c
y

Measured Data

PVToolbox

 
Figure 13. Monthly Inverter Efficiency Based on Measured DC Output 
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 The hourly inverter efficiency, according to measured data and the PVToolbox, is shown in Figure 

14. In general, the simulation corresponds very well with the measured data. Two exceptions stand out. 

First, there is an absence of points at high power levels for the simulated data. This reflects the limits on the 

insolation discussed earlier. Second, below about 500 Watts input power, the simulated efficiency curve 

shows a number of points where the efficiency is higher than the instantaneous inverter efficiency for the 

corresponding input power. This can be explained by noting that the majority, if not all, of these points 

represent the ratio of power out to power in during the first or last hour of a day. During these hours, the 

irradiance changes rapidly, rising from or falling to zero. Because the inverter efficiency curve is not 

constant over this range, the average efficiency is not the same as the ratio of power out to power in. The 

latter measure will weight more heavily the output levels associated with higher input power levels, and 

thus overestimate the inverter efficiency. One of the reasons this is less evident in the measured data may 

be that in reality, twilight periods before sunrise and after sunset result in a less drastic change in module 

output.  
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Figure 14. Hourly Inverter Efficiency 
 

 The inverter model underestimates the inverter efficiency during the winter months in part due to 

the limitations of the model at input powers so low that the inverter consumes power from the grid. The 

difference between the real inverter and the simulated inverter is shown in Figure 15. The model clearly 

overestimates the power consumed by the inverter. Furthermore, the model suggests that as the input power 

falls, the power consumed rises nearly linearly until the sleep mode threshold is encountered whereas in 

reality the inverter consumes maximum power around 15 W input power, with power consumed falling at 

input power levels below this. These differences could be rectified by a more detailed inverter model, but 

given that the PVToolbox is a hybrid system simulation package, this does not seem warranted at this time. 
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Inverter Input vs Output at Low Power Levels
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Figure 15. Inverter Input vs Output at Low Power Levels 

3.4 Comparison of Sources of Error 

 

 Table 7 shows how the mean bias error evolves for the different simulation tools. WatsunPV and 

the PVToolbox perform comparably, while RETScreen has much higher error. For WatsunPV and the 

PVToolbox, the horizontal to tilted insolation conversion and the calculation of the DC output are the 

principal sources of error; the calculation of the AC output introduces fairly minimal error. It is suspected 

that a significant portion of the “error” introduced in the calculation of the DC output is, in fact, caused by 

the Solec subarrays operating well below specification. Therefore the most troubling source of error is 

caused by the conversion of horizontal insolation data to the plane of the array. This is a limitation of the 

algorithms available, not their implementation in the PVToolbox. 

 

Relative Error Data 

Insolation DC Output AC Output 

RETScreen (PV) 32% 55% 72% 

PVToolbox w/ standard time data 14% 22% 26% 

WatsunPV 11% 21% 23% 

PVToolbox w/ solar time data 11% 20% 22% 

Table 7. The Evolution of Errors in the Simulations 
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4 Conclusions 
 

 The mean bias error of the PVToolbox, in terms of converting insolation data from the horizontal 

to the plane of the array, the calculation of the system DC output, and the calculation of the system AC 

output, is roughly similar to that of WatsunPV for the Iqaluit grid-tied PV system. The mean bias error is 

roughly 22 to 26% for these tools. RETScreen is significantly less accurate, with a mean bias error of about 

72%.  

 In terms of hourly data, WatsunPV seems to have a slightly higher root mean squared error than 

the PVToolbox. Both tools have fairly large root mean squared errors, however. 

The most troubling source of error for these hourly tools is introduced in the conversion of 

horizontal insolation data to the plane of the array. The error introduced in the calculation of the system DC 

output is actually caused, at least in large part, by underperformance of the Solec subarrays. The error 

introduced in the calculation of the system AC output is minor, and much of it is actually due to the 

exaggeration of errors introduced in previous stages of the simulation. 

The PVToolbox output matches that of WatsunPV quite closely. This suggests that the 

PVToolbox is functioning correctly.  

The PVToolbox is sufficiently flexible that, despite being a hybrid simulation tool, it can model 

grid-tied systems with relatively minor modifications. The development of a grid-tied inverter model did 

not require changes to other component models, demonstrating that a user can make changes to individual 

components as necessary, without being too concerned about how this will affect the rest of the simulation 

components. This type of modification would be much more complicated with a tool such as WatsunPV. 
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Appendix A ‘solartime’: converts standard time TMY files to solar time 
 
pathcity='c:\watgen\iqaluit.y2k'; 

TZ=5;  %Time zones WEST 

long=68.5;  %Degrees WEST 

lat=63.75;  %Degrees NORTH 

 

% Adapt for sign convention 

TZ=-TZ; 

long=-long; 

 

findingkt=0 

watgenfid=fopen(pathcity,'r'); 

line=fgetl(watgenfid); 

i=1; 

temper=[]; 

 

for fcounter=1:365, 

   corrB=(fcounter-1)*2*pi/365; 

   corrE=229.2*(0.000075+0.001868*cos(corrB)-0.032077*sin(corrB)); 

   corrE=corrE-229.2*(0.014615*cos(2*corrB)+0.04089*sin(2*corrB)); 

   corrE=corrE/60; 

   declin=23.45*pi/180*sin(2*pi*(284+fcounter)/365); 

   sha=acos(-tan(lat*pi/180)*tan(declin)); 

   day=fscanf(watgenfid,'%d',1); 

   albedo=fscanf(watgenfid,'%g',1); 

   temperature=fscanf(watgenfid,'%3d',24); 

   temper=[temper temperature']; 

   line=fgetl(watgenfid); 

   for lcounter=1:24, 

      irrs=fgets(watgenfid,4); 

      irradiance(lcounter)=str2num(irrs); 

      rawirr(i)=irradiance(lcounter)/1000; 

      ha2=(((lcounter-12)-TZ+corrE)*15+long)*pi/180; 

      ha1=(((lcounter-13)-TZ+corrE)*15+long)*pi/180; 

      if (ha2>sha) 

        ha2=sha; 

      end 

      if (ha1>sha) 

        ha1=sha; 

      end 

      if (ha1<-sha) 

        ha1=-sha; 

      end 

      if (ha2<-sha) 

          ha2=-sha; 

      end 

      if ((ha2-ha1)<15*pi/180) 

          irradiance(lcounter)=irradiance(lcounter)*(ha2-ha1)/(15*pi/180); 

      end 

      iext=cos(lat*pi/180)*cos(declin)*(sin(ha2)-sin(ha1)); 

      iext=iext+(ha2-ha1)*sin(lat*pi/180)*sin(declin); 

      iext=iext*12/pi*1.367*(1+0.033*cos(2*pi*fcounter/365)); 

      extirr(i)=iext; 

      insol(i)=irradiance(lcounter); 

      %test=[i ha2 ha1 iext] 

      iext=iext+100000*(iext<0.001); 

 

      kt(i)=irradiance(lcounter)/1000/iext; 

     % if (kt(i)>1) 

      %    kt(i) 

     %end 
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      %kt(i)=kt(i)*(kt(i)<1)-kt(i)*(kt(i)<0)+0.5*(kt(i)>=1); 

      i=i+1; 

   end; 

%input; 

   wind=fscanf(watgenfid,'%4d',24); 

   humidity=fscanf(watgenfid,'%4d',24); 

   rad(fcounter)=sum(irradiance)/1000; 

end; 

%rawirr(1:24)' 

fclose(watgenfid); 

 

% Now that kt has been calculated for standard time, use this  

% to find radiation for solar time 

 

%path='c:\watgen\iqaldata.prn'; 

%weather=dlmread(path,' '); 

%temper=weather(:,1); 

%insol=weather(:,2); 

 

findingiextnew=0 

 

clear counter; 

clear corrB; 

clear corrE; 

clear declin; 

clear sha; 

clear ha2; 

clear ha1; 

clear iext; 

 

 

counter=1:8760; 

corrB=floor(counter/24)*2*pi/365; 

corrE=229.2*(0.000075+0.001868.*cos(corrB)-0.032077.*sin(corrB)); 

corrE=corrE-229.2*(0.014615.*cos(2*corrB)+0.04089.*sin(2*corrB)); 

corrE=corrE/60; 

declin=23.45*pi/180*sin(2*pi*(284+ceil(counter/24))/365); 

sha=acos(-tan(lat*pi/180)*tan(declin)); 

 

X1=counter+TZ-long/15-corrE; 

% Interpolate: X1 is the standard time corresponding to a solar 

% time of 1, 2, 3, 4, etc. 

if X1(1)<1 

  X1(1)=1; 

else 

  X1(8760)=8760; 

end 

 

clear declin; 

for hour=1:8760, 

   declin=23.45*pi/180*sin(2*pi*(284+ceil(hour/24))/365); 

   ha2=(rem(hour,24)-12)*15/180*pi; 

 ha1=ha2-15/180*pi; 

   sha=acos(-tan(lat*pi/180)*tan(declin)); 

   if (ha2>sha) 

        ha2=sha; 

      end 

      if (ha1>sha) 

        ha1=sha; 

      end 

      if (ha1<-sha) 

        ha1=-sha; 
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      end 

      if (ha2<-sha) 

          ha2=-sha; 

      end 

        

      iext=cos(lat*pi/180)*cos(declin)*(sin(ha2)-sin(ha1)); 

      iext=iext+(ha2-ha1)*sin(lat*pi/180)*sin(declin); 

      iextmat(hour)=iext*12/pi*1.367*(1+0.033*cos(2*pi*hour/8760)); 

end 

 

interpolating=0 

%temper=interp1(counter,temper,X1); 

newkt=interp1(counter,kt,X1,'nearest'); 

newinsol=iextmat.*newkt*1000; 

%newinsol=extirr*1000; 

%newinsol=interp1(counter,insol,X1); 

%newinsol=spline(counter,insol,X1); 

result=[counter' X1' temper' newinsol']; 

outfile='solarfile'; 

writing=0 

dlmwrite(outfile,result,','); 

 

 



 

PVToolbox Iqaluit Verification GPCo Inc 20 

 

 

Appendix B ‘createtmy’: converts insolation and temperature data to 

TMY format 
 
path='c:\watgen\iqalsolr.prn'; 

readfid=fopen(path,'r'); 

for datacounter=1:8760, 

   temperature=fscanf(readfid,'%g',1); 

   globrad=fscanf(readfid,'%g',1); 

   temp(datacounter)=temperature; 

   irrad(datacounter)=globrad; 

end; 

fclose(readfid); 

 

pathcity='c:\watgen\iqalsolr.y2k'; 

lat=63.8; 

year=2000; 

leapyearflag=0; 

writefid=fopen(pathcity,'w'); 

fprintf(writefid,'%4d',year); 

fprintf(writefid,' '); 

fprintf(writefid,'%1d',leapyearflag); 

fprintf(writefid,' '); 

%The line below has the right number of characters 

%fprintf(writefid,'%s','thiscitythisprov'); 

fprintf(writefid,'%s','thiscitythisprov'); 

fprintf(writefid,' '); 

fprintf(writefid,'%5.2f\r\n',lat); 

 

albedos=[0.7 0.6 0.5 0.4 0.3 0.2 0.2 0.2 0.2 0.4 0.7 0.7]; 

for daycounter=1:365, 

 fprintf(writefid,'%3d',daycounter); 

   fprintf(writefid,' '); 

   albedo=albedos(min(12,uint8(1+daycounter/30))); 

   fprintf(writefid,'%3.1f',albedo); 

   fprintf(writefid,'%s','                 '); 

   for datacounter=1:24, 

      fprintf(writefid,'%3.0f',temp((daycounter-1)*24+datacounter)); 

   end; 

   fprintf(writefid,'\r\n'); 

    

   for datacounter=1:24, 

      fprintf(writefid,'%4.0f',irrad((daycounter-1)*24+datacounter)); 

   end; 

   fprintf(writefid,'\r\n'); 

    

   for repeater=1:2, 

    for datacounter=1:24, 

       fprintf(writefid,'%4d',0); 

    end; 

    fprintf(writefid,'\r\n'); 

   end; 

end; 

fclose(writefid); 
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Appendix C WatsunPV Output File including Input Parameter Values 
 
                      ************************************ 

                      *                                  * 

                      *                                  * 

                      *                                  * 

                      *          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\IQALUIT.DAT   

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

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

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

 NUMBER OF ARRAYS:           1 

Iqaluit system                                                                   

 _ 

 GRID 2000  thiscitythisprov         WATSUN-PV 6.0  19:2 07 24 14:05:16 

 Iqaluit system                                                                   

 

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

                          *  ENERGY ANALYSIS SUMMARY  * 

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

 

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

    M  INCIDENT  AVAIL-   POWER    TOTAL     NET      NET     

    O   RADIA-    ABLE    LOSSES  AC & DC   ENERGY   ENERGY   

    N    TION    ARRAY              LOAD     FROM     COST    

    T            OUTPUT            DELIV.    GRID             

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

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

   JAN   0.713    0.094    0.019    0.000   -0.074     0.00 

   FEB   1.358    0.177    0.035    0.000   -0.142     0.00 

   MAR   3.556    0.443    0.083    0.000   -0.360     0.00 

   APR   4.289    0.524    0.073    0.000   -0.451     0.00 

   MAY   4.368    0.529    0.076    0.000   -0.453     0.00 

   JUN   2.457    0.296    0.056    0.000   -0.240     0.00 

   JUL   2.706    0.318    0.058    0.000   -0.260     0.00 

   AUG   2.084    0.245    0.047    0.000   -0.197     0.00 

   SEP   1.171    0.141    0.033    0.000   -0.108     0.00 

   OCT   1.021    0.126    0.029    0.000   -0.097     0.00 

   NOV   0.303    0.039    0.016    0.000   -0.023     0.00 

   DEC   0.290    0.037    0.012    0.000   -0.025     0.00 

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

   TOT  24.316    2.969    0.538    0.000   -2.430     0.00 

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

 Warning: inverter input power exceeds 1/2 hour surge power for   19 hours 

 Warning: inverter input power exceeds max. inverter power for     1 hours 
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  +---+--------+--------+--------+--------+--------+--------+--------+--------+ 

    M     DC       AC     TOTAL   CONVERT.  ENERGY    VALUE   ENERGY    VALUE   

    O    LOAD     LOAD    WIRING    AND      SOLD     SOLD    BOUGHT   BOUGHT   

    N    FROM     FROM    LOSSES  INVERTOR    TO       TO      FROM     FROM    

    T     PV       PV              LOSSES    GRID     GRID     GRID     GRID    

    H     (%)      (%)     (MWh)    (MWh)    (MWh)     ($)     (MWh)     ($)  

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

   JAN    0.00     0.00    0.000    0.019    0.076     0.00    0.002     0.00 

   FEB    0.00     0.00    0.000    0.035    0.143     0.00    0.001     0.00 

   MAR    0.00     0.00    0.000    0.083    0.361     0.00    0.001     0.00 

   APR    0.00     0.00    0.000    0.073    0.451     0.00    0.001     0.00 

   MAY    0.00     0.00    0.000    0.076    0.454     0.00    0.001     0.00 

   JUN    0.00     0.00    0.000    0.056    0.240     0.00    0.000     0.00 

   JUL    0.00     0.00    0.000    0.058    0.260     0.00    0.001     0.00 

   AUG    0.00     0.00    0.000    0.047    0.198     0.00    0.001     0.00 

   SEP    0.00     0.00    0.000    0.033    0.109     0.00    0.001     0.00 

   OCT    0.00     0.00    0.000    0.029    0.099     0.00    0.001     0.00 

   NOV    0.00     0.00    0.000    0.016    0.024     0.00    0.002     0.00 

   DEC    0.00     0.00    0.000    0.012    0.027     0.00    0.002     0.00 

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

   TOT    0.00     0.00    0.000    0.538    2.444     0.00    0.014     0.00 

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

_ 

 WATSUN-PV 6.0   Date: 2002/ 7/24   Time: 14: 5 

 File: C:\WATSUNPV\IQALUIT.DAT 

 Photovoltaic Grid-Connected 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  Detailed Print Interval (No=0, 1=hour, etc)...       1.000  hour          

  S5  Starting hour of detailed print (No=0)........       1.000  hour          

  S6  Detailed Analysis Period: - Start Day.........       1.000  day           

  S7                            - End Day...........     365.000  day           

  S8  Converter Efficiency (if DC Load Present).....     100.000  %             

  S9  Relative Error Index (1 to 100)...............      10.000                

  S10 Maximum Number of Iterations..................     100.000                

  S11 Economic Analysis (Block E) required..........          No                

 

 Economic Data 

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

 

  Block not needed (see item S11). 

_ 

 WATSUN-PV 6.0   Date: 2002/ 7/24   Time: 14: 5 

 File: C:\WATSUNPV\IQALUIT.ARR 

 Array Data 

 

 

 Array Data 

 ---------- 

  A1  Number of Series Groups in Parallel...........       5.000                

  A2  Number of Modules in Series...................      12.000                

  A3  Area per Module...............................       0.427  m2            

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

  A5  Collector Slope...............................      90.000  deg           

  A6  Collector Azimuth (0 to equator, +=west)......      30.000  deg           
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  A7  Tilting Algorithm (Auto, Perez, Hay, Watsun)..        Auto                

  A8  Reference Array Operating Temperature.........      25.000  C             

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

  A10 Reference MPP Voltage.........................      17.300  V             

  A11 Reference MPP Current.........................       3.115  Amps          

  A12 Reference Open Circuit Voltage................      21.200  V             

  A13 Reference Short Circuit Current...............       3.400  Amps          

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

  A15 Array Wind Speed Correction Factor............       0.000                

 

 Detailed Array Data 

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

  D1  Alpha.........................................   4.000E-04  1/C           

  D2  Beta..........................................       0.200                

  D3  Gamma.........................................   3.400E-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                         

_ 

 WATSUN-PV 6.0   Date: 2002/ 7/24   Time: 14: 5 

 File: C:\WATSUNPV\IQALUIT.INV 

 Inverter Data 

 

 

 Inverter (DC to AC) Type Data 

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

  T1  Inverter Type (Grid Connected/Stand Alone)....   Grid Con.                

 

 Inverter (DC to AC) Data [Grid-Connected] 

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

  I1  Nominal Input Power Rating....................    3000.000  W             

  I2  1/2 Hour Surge Input Power (% nominal)........     110.000  %             

  I3  Maximum Input Power (% nominal)...............     120.000  %             

  I4  Inverter Cut-Off Output Power.................       0.100  W             

  I5  Parasitic Standby Power Losses................       3.000  W             

  I6  Maximum Power Point Tracker / Forced Voltage..        MPPT                

  I7  Power Tracking Window: Minimum................      50.000  V (DC)        

  I8  Power Tracking Window: Maximum................     350.000  V (DC)        

  I9  Power Reversion to Grid.......................         Yes                

  I10 Inverter Efficiency vs. DC Power In...........     PROFILE                

    DC Power In (% of Nominal Rating).............  %          

          0.000     3.170     5.330     9.330    16.667                         

         28.330    46.600    66.670    90.000   100.000                         

    Inverter Efficiency...........................  %          

          0.000    25.000    50.000    70.000    80.000                         

         85.000    88.000    89.000    89.400    89.500                         

 

 Inverter (DC to AC) Data [Stand-Alone] 

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

 

  Block not needed (see item T1 ). 

_ 

 WATSUN-PV 6.0   Date: 2002/ 7/24   Time: 14: 5 

 File: C:\WATSUNPV\CRAP.LOD 

 Load Data 
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 DC Load Data 

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

  L1  DC Load Voltage (nominal).....................      12.000  V             

  L2  Minimum DC Load Voltage (LVD function)........      11.700  V             

  L3  DC Load Lead Resistance (DC)..................       0.000  Ohms          

  L4  Type of DC Load (Current/Power/Resist.).......       Power                

  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)...........         Yes                

  L9  Maximum Essential DC Load for "weekdays"......       0.000  W             

  L10 Maximum Essential DC Load for "weekends"......       0.000  W             

  L11 Maximum Full DC Load for "weekdays"...........       0.000  W             

  L12 Maximum Full DC Load for "weekends"...........       0.000  W             

  L13 Essential 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                

  L14 Essential DC Load Fraction - "weekends".......     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                

  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                

  L16 Total DC Load Fraction - "weekends"...........     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:     1.000   4:     1.000   7:     1.000  10:     1.000                

       2:     1.000   5:     1.000   8:     1.000  11:     1.000                

       3:     1.000   6:     1.000   9:     1.000  12:     1.000                

_ 

 WATSUN-PV 6.0   Date: 2002/ 7/24   Time: 14: 5 

 File: C:\WATSUNPV\CRAP.LOD 

 Load Data 

 

 

 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             

  A4  AC 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                
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       5:     1.000  11:     1.000  17:     1.000  23:     1.000                

       6:     1.000  12:     1.000  18:     1.000  24:     1.000                

  A5  AC Load Fraction - "weekends".................     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                

  A6  Monthly AC load scale factors.................     PROFILE                

       1:     1.000   4:     1.000   7:     1.000  10:     1.000                

       2:     1.000   5:     1.000   8:     1.000  11:     1.000                

       3:     1.000   6:     1.000   9:     1.000  12:     1.000 
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Appendix D RETScreen Input and Output 
 

 RETScreen
®
 Energy Model - Photovoltaic Project

Site Conditions Estimate Notes/Range
Project name Arctic College
Project location Iqaluit
Nearest location for weather data - Iqaluit A, NT / NWT
Latitude of project location °N 63.8 -90.0 to 90.0
Annual solar radiation (tilted surface) MWh/m² 1.13
Annual average temperature °C -9.5 -20.0 to 30.0

System Characteristics Estimate Notes/Range
Application type - On-grid
Grid type - Central-grid
PV energy absorption rate % 100.0%

  PV Array
PV module type - mono-Si
PV module manufacturer / model # Siemens/ SM55
Nominal PV module efficiency % 12.0% 4.0% to 15.0%
NOCT °C 45 40 to 55
PV temperature coefficient % / °C 0.40% 0.10% to 0.50%
Miscellaneous PV array losses % 0.0% 0.0% to 20.0%
Nominal PV array power kWp 3.18
PV array area m² 26.4

  Power Conditioning
Average inverter efficiency % 89% 80% to 95%
Suggested inverter (DC to AC) capacity kW (AC) 2.8
Inverter capacity kW (AC) 3.3
Miscellaneous power conditioning losses % 0% 0% to 10%

Annual Energy Production (12.00 months analysed) Estimate Notes/Range
Specific yield kWh/m² 128.7
Overall PV system efficiency % 11.4%
Renewable energy collected MWh 3.828
Renewable energy delivered MWh 3.403

kWh 3403
Excess RE available MWh 0.000

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

Version 2000 - Release 2 NRCan/CEDRL

Fixed

Return to Energy Model sheet

-
-

Notes/Range

-
-
-
-

-
-
-
-

Notes/Range

-90.0 to 90.0

0.0 to 90.0

-

0.0 to 180.0

Monthly

solar

fraction

(%)
-

See Weather Database

Monthly average

daily radiation

in plane of 

PV array

(kWh/m²/d)

0.95
1.13
-9.5

2.23
0.81
0.75

Season of use

Estimate

1.65
3.00
5.24

-25.8
-26.8
-23.5

Monthly 

average

temperature

(°C)

Iqaluit A, NT / NWT
63.8

6.39
6.24
3.07
3.37
2.66
1.66

-9.5

Estimate
On-grid

-22.1

Annual
0.95
1.13

6.8
2.3
-4.9

-12.7

-14.7
-4.2
3.4
7.7

90.0
30.0

°C

-

4.98
3.29
1.65
0.97

2.60
4.83

0.22
0.08

MWh/m²
MWh/m²

6.47
4.78

Monthly average

daily radiation

on horizontal

surface

(kWh/m²/d)
0.20
0.91

-
°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.


