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Why Does Solar Matter?

• Size of Reserve

• “Green”

• Economics

• Energy independence

• Technology Advancement



Terminology

Electrical Units

• Volt (V)

• Amp (A)

• Watt (W)

• Kilowatt (kW)

• Kilowatt-hour (kWh)

• Megawatt (MW)

Solar Units 
• Watt per meter squared (W/m2) – Irradiance
• Kilowatt-hour per meter squared per day (kWh/m2/day) – Insolation
• Azimuth (degrees)
• Elevation (degrees) 

PV System Terms
• Cell
• Panel
• String
• Array
• Inverter
• Battery Based
• Grid Tied



Source: http://oceanography.earthednet.org/Mini_Studies/Seasonal_Variations/Seasonal_variations.html

Earth is tilted ~23.5 degrees to its 
orbital plane.

Vancouver is at 45.6 degrees N. 
latitude.

Global Solar Insolation





Source: http://solardat.uoregon.edu/SunChartProgram.html  

Sun Charts



Source: 
http://oceanography.earthednet.org/Mini_Studies/Seasonal_Variations/Seasonal_variations_files/in
solationchart.gif

Seasonal & Latitude Effects



Source: http://us.sanyo.com/Solar/How-Solar-Works

Typical Residential Grid Tied Solar PV Installation



Technologies
• Passive solar and conservation
• Solar hot water
• PV Panels

– Silicon (Various architectures including spectral filtering)

– Thin Film & Organic
– Nano technology

• Solar Concentrators:
– to fluid
– to PV
– to Stirling Engine & Generator

• Control Systems – Sun trackers
• Inverters
• Grid tied vs. Battery
• Monitoring

Fun Facts: First observation of PV effect was in 1839 by a French physicist. First solar cell constructed in 
1883. Einstein explained in 1905. Modern solar cell patented in 1946.



Souce: http://en.wikipedia.org/wiki/Solar_cell

http://en.wikipedia.org/wiki/File:PVeff(rev110707)d.png


Economic Drivers

• Technology Learning Curves & Demand

• Cost of Energy Alternatives 

• Environmental Considerations

• Federal Tax Credits

• State Credits

• PUD Offsets



Residential Cost per kWh

Cents/kWh
• Germany2 30.66
• Hawaii1 26.45
• Connecticut1 20.78
• UK 2 18.59
• CA 1 14.08
• US (avg)1           11.76
• OR (avg) 1 8.95
• WA (avg) 1 7.87
• Clark County3  7.65
• Canada2 6.18

Source: 1. http://www.eia.doe.gov/cneaf/electricity/epm/table5_6_a.html (Oct ‘09)
2. http://en.wikipedia.org/wiki/Electricity_tariff#Price_comparision (‘09)
3. Clark PUD (Jan ‘10)



Case Study: Array Configuration

Primary Array: 54 SanyoTM HIT210 panels 
(11,340 W total) 180o Azimuth, 30o

Elevation

Secondary Array: 14 SanyoTM HIT210 
panels (2,940 W total) 225o Azimuth, 
30o Elevation



Inverters: SMATM 7000US, Internet via Obvius
AquisuiteTM and DECKTM  Monitoring

Production Meters (2) and PUD net meter

Projected average yield: 14,280 kWh per year

Grid Tie and Monitoring System
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Energy Transfer & Loss Considerations
• Sun to Panel Exchange

– Weather
– Season
– Shading
– Latitude

• Panels
– Technology efficiency
– Heat
– Age

• String configuration
– Panels per string & number of strings (voltage sag vs inverter operation range)

• Panel to Inverter
– Line losses

• Inverter
– Conversion losses

• Inverter to Grid
– Line losses



http://www.iaei.org/magazine/wp-content/uploads/2009/05/07dwiles_figure1_118979159.jpg



Source: http://us.sanyo.com/Solar/SANYO-HIT-Technology



Soruce: http://us.sanyo.com/Solar/SANYO-HIT-Technology



Source: http://us.sanyo.com/dynamic/product/Downloads/Solar%20Sales%20Sheets%20210N-
23881117.pdf



Source: 
http://us.sanyo.com/dynamic/product/Downloads/Solar%20Sales%20Sheets%20210N-
23881117.pdf



http://www.electro-tech-online.com/attachments/alternative-energy/29058d1241912600-grid-tie-inverter
schematic-pvengsol_1_10kw_bd.gif



http://www.absak.com/images/waveforms.gif



Source: http://download.sma.de/smaprosa/dateien/4752/SUNNYBOY5678-DUS094221.pdf



Source: http://www.claytonengineering.com/Training/myweb6/MElect/FM%2055-509-
1%20Chptr%2012%20Electrical%20Conductors.htm



Regulatory Considerations

• Federal
– Solar Resource
– Roof Age

• County
– Mechanical integrity (lift & load)
– Fire Safety (clear spaces)

• State
– Worker Safety
– Approved Electrical Components & Methods (UL)

• PUD
– Grid Continuity (community obligation)
– Safety – “Islanding” (Phase & voltage)
– Economic (preserving revenue stream)
– Equipment Standardization (cost, service, maintenance)



Other Considerations

• Roof area & orientation

• Esthetics

• Shading

• CC&R’s

• Budget & ROI (Time horizon and assumptions)



Local Solar Base

• “…. 39 installations, of which 17 are 
residential. Most are solar, there are a few 
wind generators, a couple hydro and three 
hybrid wind & solar sites. Total installed 
capacity is 300 kW” (Clark PUD, Jan 5, 2010)

• Portland Metro Area (Oregon) 457 solar 
installations, 3.2 MW 
(oregon.cleanenergymap.com, Jan 20, 2010)



Scale Up

Source: http://en.wikipedia.org/wiki/Lieberose_Photovoltaic_Park

Lieberose Photovoltaic Park: 53 (MW) solar PV power plant in Brandenburg, 
Germany. 700,000 solar panels. On line 10/2009. Supplies 15,000 households a 
year. $238M investment.



For More Information

• Clark PUD: www.clarkpublicutilities.com

• Oregon Energy Trust: www.energytrust.org

• Database of state incentives: www.dsireusa.org

• Solar Oregon: http://www.solaroregon.org

• Oregon clean energy map:  http://oregon.cleanenergymap.com

• Home Power Magazine: www.homepower.com



Questions?


