  Site Analysis: Designing a Potential System
This module was designed for Canada. To add Belize to the context 
Requires replacing the Canadian components. The information is still accurate. 



Definitions introduced in this module:
· A site survey is a visit to the installation site to assess the site conditions and establish the needs and requirements for the system.
· A sun path calculator is a device that shows the solar window and sun paths for a given location.
· Magnetic declination is the angle between the direction a compass needle points (toward magnetic north) and true geographic north.
· The profile angle is the angle from the horizontal to the top of an obstruction, as viewed from a specific location.
· Solar Time is a timescale based on the apparent motion of the sun crossing a local meridian.
· Solar Declination is the angle between the equatorial plane and the line joining the centres of the sun and Earth (in the ecliptic plane). As the earth orbits the sun the declination range is -23.5o to +23.5o (positive is the Northern Hemisphere tilted toward the sun)
· Obstruction Shading is caused by objects interfering with the insolation reaching the PV panels. Depending on where the shading occurs 10% shading can cause 90% reduction in panel output.



1 SOLAR COLLECTION OF DATA

1.0 Finding the solar energy 
Listed are the necessary steps in calculating solar insolation for a given location.
 
1. Solar insolation is the measurement required to calculate the solar energy for a location.  It is found in tables and maps from various sources.   
2. Converting the insolation into kWhr/m2 allows for easy electrical energy calculation. The end use is in the form of electrical energy for Watts and Watt hours.
3. Identifying site specific obstructions that will reduce this insolation. Some of these obstructions may cause design limitations or alterations.
4. Use tools to measure this reduction. There are tools to measure / calculate the losses that will be due to obstructions.  They require the use of special software and measuring devices.
5. Calculate seasonal solar to electrical energy. Depending on the requirements of the design, the minimum insolation may need to be known.


1.1 Insolation Data
Solar insolation data for a given area are contained in tables and maps.  The insolation can be recorded in peak sun hours, kWhr/kW, or kWhr/m2.  The more detailed tables have the data broken down into monthly insolation.  Natural Resource Canada (NRCan) has a resource map for Canada, see figure below. Check Natural Resources Canada web site www.nrcan-rncan.gc.ca  https://glfc.cfsnet.nfis.org/mapserver/pv/pvmapper.phtml?LAYERS=2700,2701,2057,4240&SETS=1707,1708,1709,1710,1122&ViewRegion=-2508487%2C5404897%2C3080843%2C10464288&title_e=PV+potential+and+insolation&title_f=Potentiel+photovoltaïque+et+ensoleillement&NEK=e
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Figure C1, interactive map from NRCan website. Showing kWh/kw.
Figure C1 shows the main map display page.  The insolation data can be in both of the forms to the right of the map. From the website the following information describes how the values are calculated.


1.4 The Insolation Format
Since kWhr and kW/m2 are design units, this map becomes a tool for converting into electrical energy.
The map can also show monthly data as well, allowing for system design to be calculated at either highest or lowest insolation.
Using the mean data shown we can estimate how much energy is available over the year.
For example in the Halifax Nova Scotia area 3.3 – 4.2 kWhr/m2 can be hitting a site that is tilted to the latitude angle and facing south.  The map allows for varying tilting of panel and azimuth settings.  The monthly data can be taken as well. This allows users to calculate monthly solar potential capture. This is useful for knowing the maximum and minimum solar insolation that can be utilized during seasonal variations. If a system design requires a minimum amount of energy to be realized each month, then the size of system can be calculated based on the lowest month insolation.
The yearly data translates into a total of between 1204 to 1533 kWhr solar energy striking every square meter of area (365 days x 3.3 kWhr/m2 and 365 days x 4.2 kWhr/m2). From this information the designer can calculate the kWhrs of energy available.  
In residential settings electrical energy is paid / charged in kWhr of use. It is useful to be able to keep this unit when calculating what the PV panel will output. The PV panel converts this energy at efficiencies of between 8% – 18%, so the realized electrical output of the panel is much lower than the insolation values. The best that can be realized from the insolation in our example would be 18% of the 1533 KWh/m2 = 275.9 kWhr/m2.  

1.5 Obstructions
Another site specific condition can reduce the insolation. Obstructions can cause shading, diffusion or otherwise block the available insolation. The maps do not reflect micro-climate conditions nor do they recognize obstructions that can be realized at the site being designed for solar energy capture. 
Obvious obstructions show shading at the potential panel location such as trees, other building, roof lines, chimney, or down pipes. The distance from the panels will also impact the effect of shading as well. The closer the obstruction the less diffused light will migrate past the obstruction.
This is where site analysis tools are used to identify these obstructions. In-order to know if an obstruction will limit insolation the path of the sun needs to be understood.  The solar window changes seasonally and therefore obstructions can be limiting during some months and not others.  Also leaves may be present during spring to fall months.  Solar path diagrams have been designed for varying latitudes to help measure the obstruction severity throughout the year.  Below is a typical sun path diagram.




















SUN PATH DIAGRAMS FOR SHADING ANALYSIS
[image: ]

Figure C2 A sun path diagram showing solar altitude and azimuth angles for 40°
Latitude.
The lines form an arc that represents the path that the sun travels in the sky.  As the earth tilts towards and away from the sun the arc will change. As figure C2 demonstrates, the shortest arc is in December, and the longest is in June.  The usefulness of this diagram would be to have the obstructions identified and placed on the sun path. This would show at what time the obstructions would be blocking the solar energy.   It can also serve to identify the amount of insolation that will be blocked. To see the sun path, a fisheye lens would capture the image, and a line drawn to indicate the arches for winter and summer. The image would look these two in figure C3.
[image: ][image: ]Green Power Labs Inc. ©



Figure C3 A fisheye view showing obstruction, as well as the summer and winter sun paths.

[image: ]
This figure shows that the most critical time that shading will limit insolation will occur between 9 and 3.  Judgement of the placement of the PV panels may be challenged based roof slope and unmovable obstructions. 








1.6 Tools for measuring the obstructed insolation
A data collection from a pyranometer would allow the designer to measure the effects of obstructed insolation, but it would take a long period of time to accurately gather the data.
Manual calculations can be made from the Sun Pathfinder sheets.  The obstructions are hand drawn onto the sun path diagram looking through their fisheye lens. 
It is a very labour intensive job to calculate the obstructed insolation and remove it from the available insolation data.  Software can be utilized to aid in this calculation. 
There is a tool from Solar Pathfinder that can be purchased to help calculate the kWhrs that can be expected from the system you are designing at the location.  It includes the identification of obstructions and those being calculated into the insolation at your site.  The heart of the system is the Solar Pathfinder is the fish eye dome that projects the sky’s image upon itself.  Including the shadows of obstructions, which can be traced onto the sun path diagram, similar to the one on Figure C2.  The Solar Pathfinder has an available software package that allows the user to use a digital photograph of the reflected image taken above the fish eye dome.  In the dome can be seen that outlines of the obstructions.  The software guides you through the simple process of calculating the kWhrs that will be captured at your site due to any obstructions.  As you can see from Figure C4, the reflected surface image is very clear and details the obstructions.

[image: ]
Figure C4 shows the view into the Solar Pathfinders lens.

[image: ]

Figure C5 the traced version of the obstructions on the solar diagram.
In figure C5, the traced lines help to identify the obstructions.
The software is an easy way to get the results from the Solar Pathfinder, however it can be done manually as well.  Part of doing it manually is that you are required to know the solar time at which you draw the outline of the obstructions.
To obtain the solar time visit http://www.susdesign.com/sunangle/ . 

Figure C6 shows how the obstruction reduced insolation at both a tilted PV panel and a flat mounted PV panel. It clearly shows that insolation is reduced due to obstructions.
[image: ]
Figure C6 Showing the results from loss of insolation due to obstructions.
2 RESOURCES AND TOOLS

2.0 Insolation Data Resources

Gather known solar insolation data for site.  
1. Check Natural Resources Canada web site www.nrcan-rncan.gc.ca  https://glfc.cfsnet.nfis.org/mapserver/pv/pvmapper.phtml
The map in figure C1 is from this link.

2. Use RETScreen, a free down load from NRCan.
The RETScreen Clean Energy Project Analysis Software is a unique decision support tool developed with the contribution of numerous experts from government, industry, and academia. The software, provided free-of-charge, can be used worldwide to evaluate the energy production and savings, costs, emission reductions, financial viability and risk for various types of Renewable-energy and Energy-efficient Technologies (RETs). The software (available in multiple languages) also includes product, project, hydrology and climate databases, a detailed user manual, and a case study based college/university-level training course, including an engineering e-textbook.
Software & Data Requirements: Microsoft® Excel 2000 or higher; Microsoft® Windows 2000 or higher; and Microsoft .NET Framework 2.0 or higher. Please make sure that the latest updates from Microsoft (www.microsoft.com) for Windows and Excel are installed on your computer.
The PV power performance module will allow the designer to find the insolation for almost anywhere in the world. It also allows the user to select from manufacturers equipment to give the performance with the insolation data.  Below is a screen shot of the insolation data for Halifax, Nova Scotia.  There are two weather stations to pick from, in this location.  Picking the closest will provide the designer with the most accurate insolation data.  Other screens within RETScreen use the insolation and provide performance based on tilt and azimuth.  The manufacturer’s database provides designers with expected kWhr output for the year based on module selected. See figure C7 for a screenshot from RETScreen showing insolation data.

[image: ]


Figure C7 A screen shot from the RETScreen program. The data includes temperatures, insolation per month / day. 








3. NASA  Surface meteorology and Solar Energy Data Set 
Using NASA’s database from their website we are asked to enter the coordinates of the location. Below in figures C8 and C9 is a screen shot showing the insolation data that was available.

[image: ]

Figure C8, a screen shot from NASA site asking to enter coordinates for selected location. 

The first step was to provide the latitude and longitude for the site. 
[image: ]

Figure C9, a screen shot from NASA showing the insolation from this source at 3.52 kWh/m2 
The insolation data from NASA is broken into monthly figures with average, minimum and maximum values. 


4. Solar Peak Sun Hour Map 
Global peak sun hour maps can be found at http://www.solar4power.com/solar-power-global-maps.html from Advanced Energy Group (Figure C11). For Canada this is a peak sun hour map from NRCan in figure C10.

[image: ]
Figure C10, a peak sun hour map from NRCan.

[image: ]

Figure C11, a peak sun hour map from Advanced Energy Group.
3 Site Assessments:

Let’s take a look at what happens to the insolation at the specific site. The following three assessments will be from RETScreen; Solar pathfinder; and Green Power Labs online solar assessment tool.

3.0 EXAMPLE ONE RETScreen

Step One:
The first step is to determine site location information such as its geographic longitude and latitude.  The location for this example is Lower Sackville Nova Scotia.  Coordinates are latitude 44°45'42.25"N longitude 63°40'11.12"W
[image: ]Open RETScreen and select from the available menus,
Project Type	“Power”
Technology	“Photvoltaic”
Grid type	“Central-Grid”
Analysis type	Method  2

Next select the Climate Data Location by clicking on the blue hyperlink. Figure C7 shows insolation data from the closest weather station to the coordinates selected.

The next step is to proceed to complete energy model sheet by clicking on the hyperlink.






This screen ask for the analysis type again, this time also select method 2 which give you the ability to see the effects of mounting the array in a number of different configurations. The choices that can be selected are if tracking will used single axis, two axis, and azimuth or if the array will be fixed.
Slope of the array from flat roof to 180 degrees.
Also the user can make adjustments to the azimuth pointing in degrees +- from south.
[image: ]


Figure C12, a screen shot from RETScreen showing the climate data centre of Shearwater Airport located close to our selected site. The insolation from this source is 3.36 kWh/m2 

From RETScreen the insolation energy for the year can be calculated quickly. Adjustments of array positioning to get maximum insolation show that at a 45 degree tilt the insolation was raised from the flat roof value by .42MWhr/m2.  RETScreen is a valuable tool for getting started.
The insolation lost due to obstructions must be added manually if known.  The insolation can be manually entered in the weather data table on the main screen.












4 TRANSLATE INSOLATION INTO PV ELECTRICAL ENERGY

4.0 Use RETScreen to Calculate PV Energy
We can see that there is a different amount of kWh/m2/d for each month. This total annual amount is the average of the months.  We could say the on average at our location 3.40kWh/m2/d strikes the area near the weather station without obstructions.  To translate that into PV energy we need to make a few assumptions. The first is set the tilt and assume a south azimuth. 
The calculation is at a 0 tilt angle, but if we match the latitude angle of 45 degrees we see an increase, or solar gain to 3.91kWhr/m2/d.  Which translates after 365 days into 1.43MWhr/m2.
By knowing the efficiency, foot print and wattage of a solar panel we can calculate the output available at the panel. For example if a panel has an output rated (SPC) of 175 Watts, and covers an area of 1.277m2 and an output of 175 Watts.  We see that it has efficiency for the footprint of 13.7%.  If this panel was exposed to this location at an angle of 45 degrees it would put out, 1.43MWhr/m2 x 1.277m2 x 13.7% = .240MWhrs. Keep in mind that is at the panel only.  It also does not account for the temperature coefficients for the panel.  The next step is delivering this power at a maximum of 3% voltage drop to a charge controller / inverter that will also have a 5-7% loss before being delivered as an AC power. This is a ballpark figure for the calculation of unobstructed PV generation.  Software modeling tools are much more accurate.  This course will take advantage of these tools in the design of a PV system.
Looking at a report that has obstruction included in the calculations will require the designer to look at the reduced kWh/m2/d for the base calculations.  The obstructions can cause even a greater loss if the obstruction causes localized shading as we saw in an earlier module.
[image: ]
Results from online obstruction data.
Instead of starting at 3.91kWhr/m2/d the obstruction reduce it to 3.10kWhr/m2/d.  The difference of 21% of insolation will impact the design if a desired output is required.  If space is the defining limitation then the system should be moved or accept the reduced output.

4.1 Identify System To Be Built.
Let’s build a 2000W system with RETScreen available tools. We will then add obstructions to the RETScreen values to deliver a site specific design.
From the RETScreen information, the BP Solar 170 Watt modules with 13.5% efficiency will deliver after losses, 2.567MWhrs for the year. 

	Annual solar radiation - tilted
	MWh/m²
	1.43
	 
	 

	 
	 
	 
	 
	 

	Photovoltaic
	 
	 
	 
	 

	Type
	 
	[bookmark: RANGE!D474]mono-Si
	 
	 

	Power capacity
	kW
	[bookmark: RANGE!D475]2.04
	 
	 

	Manufacturer
	[bookmark: RANGE!C476]BP Solar
	 

	Model
	[bookmark: RANGE!C477]mono-Si - BP 5170 S
	[bookmark: RANGE!F477]12 unit(s)

	Efficiency
	%
	[bookmark: RANGE!D478]13.5%
	 
	 

	Nominal operating cell temperature
	°C
	[bookmark: RANGE!D481]45
	 
	 

	Temperature coefficient
	% / °C
	[bookmark: RANGE!D482]0.40%
	 
	 

	Solar collector area
	m²
	15
	 
	 

	Control method
	Maximum power point tracker
	 

	Miscellaneous losses
	%
	5.0%
	 
	 

	 
	 
	 
	 
	 

	Inverter
	 
	 
	 
	 

	Efficiency
	%
	95.0%
	 
	 

	Capacity
	kW
	2.5
	 
	 

	Miscellaneous losses
	%
	2.0%
	 
	 

	 
	 
	 
	 
	 

	Summary
	 
	 
	 
	 

	Capacity factor
	%
	14.4%
	 
	 

	Electricity delivered to load
	MWh
	0.000
	 
	 

	Electricity exported to grid
	MWh
	2.567
	 
	 

	 
	 
	 
	 
	 

	
	
	
	
	

	
	
	

















4.2 Add Obstruction Insolation Data
If we add the 21% reduction in obstruction, insolation drops and the output to the grid is also reduced. See below from RETScreen calculation at the reduced insolation.

	Annual solar radiation - tilted
	MWh/m²
	1.13
	 
	 

	 
	 
	 
	 
	 

	Photovoltaic
	 
	 
	 
	 

	Type
	 
	mono-Si
	 
	 

	Power capacity
	kW
	2.04
	 
	 

	Manufacturer
	BP Solar
	 

	Model
	mono-Si - BP 5170 S
	12 unit(s)

	Efficiency
	%
	13.5%
	 
	 

	Nominal operating cell temperature
	°C
	45
	 
	 

	Temperature coefficient
	% / °C
	0.40%
	 
	 

	Solar collector area
	m²
	15
	 
	 

	Control method
	Maximum power point tracker
	 

	Miscellaneous losses
	%
	5.0%
	 
	 

	 
	 
	 
	 
	 

	Inverter
	 
	 
	 
	 

	Efficiency
	%
	95.0%
	 
	 

	Capacity
	kW
	2.5
	 
	 

	Miscellaneous losses
	%
	2.0%
	 
	 

	 
	 
	 
	 
	 

	Summary
	 
	 
	 
	 

	Capacity factor
	%
	11.6%
	 
	 

	Electricity delivered to load
	MWh
	0.000
	 
	 

	Electricity exported to grid
	MWh
	2.078
	 
	 





These are some of the tools to gather insolation data to know how much solar energy is available for use in the area to be designed. We also looked at a few of the tools that take the insolation and convert it into PV energy.  Further to that we also looked at how obstructions affect the output of the PV system.
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