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Organization of Webinar 
ó System Design  
ó Determine customer needs. 
ó Perform site survey. 
ó Document size and condition of  service panel, and location of  utility 

disconnect.  
ó Develop detailed engineering plans: mechanical and electrical. 

ó The Permit Package 
ó Assemble documentation package and submit permit application to 

Building and Safety/Fire Departments for review and approval. 
ó Utility company performs “PV service spot” & issues their 

interconnection requirements. 
ó System Installation 
ó Post Installation 
ó Approvals 
ó Building and Safety 
ó Utility company 

ó Instruction Ideas 
ó Next Steps... 
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System Design 

ó Start with customer usage and tariffs (salesperson). 
ó 12 months of  history to average out seasonal variations 
ó Determine the applicable rate: flat rate, seasonal rates (summer/winter), 

time-of-use rates, or tiers (the more you use, the more it costs!) 

ó Customer strategy and budget (salesperson) 
ó Eliminate bill 
ó If  time-of-use, shift loads to base period and add solar to eliminate peak 

and shoulder usage. 
ó If  tiers, employ peak shaving. 

Design Sequence 
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System Design 

ó Back-of-envelope estimates (salesperson) 
ó 4.25 kWh/d/kWh 
ó South-facing roof  produces 10 W/sq. ft. 
ó $6.00/W-dc 
ó ~ 10 year payback, 6-8% Return on Investment (ROI) 

ó Prediction of  system performance (with software) 
ó Google Earth & Bing/Zillow (salesperson) 
ó Identify premium roof  space 
ó Preliminary layout 

ó Site survey (surveyor) 
ó Detailed design (engineer) 

Design Sequence (cont) 
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System Design 

ó Customer wants to eliminate their electricity bill. 
ó Energy usage: 6,600 kWh/yr (550 kWh/mo; 18.1 kWh/d) 
ó Small home (2,000 sq. ft.) 

ó Design constraints 
ó BP Solar BP175B modules  
ó Inverter SMA SB4000US 

ó System simulation tools 
ó PV WATTS2 or other software 
ó Inverter string sizing: basically checking voltages 
ó www.weather.com for record low & average high temperatures 

(needed for string sizing) 

Case Study 
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System Design 

ó Customer roof  section 
ó Roof  pitch is 5:12 
ó Azimuth 225 degrees (SW)  
ó Some shading  
ó Some minor roof  damage (documented) 

ó Candidate system 4.3 kWdc 
ó 24 ea BP-175B 
ó 1 ea SMA SB4000US 

 

Site Survey Results 
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System Design 

ó Google Earth 
ó 13 ft. ridge to eaves 
ó 22 ft. along ridge 
ó 36 ft. along eaves 
ó Orientation 235° true 

ó Bing/Zillow 
ó Roof  pitch 3:12 (14°) 

ó Preliminary layout 
ó Look at obstructions. 
ó Observe shading. 
ó Calculate setbacks for fire 

dept. 

235° 

Physical Layout—Preliminary 
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System Design 

Preliminary Layout 
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System Design 

http://mapserve3.nrel.gov/PVWatts_Viewer/index.html 
 

Roof  space limitations 
reduce system to 18 
modules or 3.15 kWdc 

PVWatts2 Simulator 
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System Design 

PVWatts2 Simulator (cont) 

http://mapserve3.nrel.gov/PVWatts_Viewer/index.html 
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System Design 
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12.6 kWh/d / 3.15 kWdc = 4.0 
Shading 98%, Soiling 97%,  SW 

PVWATTS2 Simulator 

http://mapserve3.nrel.gov/PVWatts_Viewer/index.html 
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System Design 
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System Design 

ó Price: $6/Wdc * 3,150 Wdc = $18,900 
ó Rebate (state or local): $4,725 
ó Contract for $14,175 
ó Federal tax credit: $4,253 
ó 1st year energy bill savings: $622 
ó Out-of-pocket at Year 1 = $9,300 
ó Break even at 11 years 
ó IRR = 6% 

Detailed Financials—Flat Rate 



14 

System Design 

ó Starting from preliminary layout 
ó Precise layout specifying exact location of  anchors, rails and 

modules 
ó Anchors must be located on rafters (16” spacing in most cases) 
ó End module cannot cantilever more than 50% beyond last 

anchor 
ó Minimize shading and avoid obstructions 

ó Bill of  materials (racking hardware) 
ó Anchors 
ó Flashing 
ó Rail (piece lengths) and possibly splices 
ó Module brackets (center and end) 

Physical Layout 
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System Design 
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PV System Components 
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The Permit Package 

Single Line Diagram 
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The Permit Package 

ó DC string sizing 
ó Vmax = N * Voc (Trec-low) < 600 V-dc 
ó Imax = Isc * 1.25 * 1.25 
ó Select wire gauge and temperature rating. 
ó Ampacity of  wire corrected for temperature and conduit fill 
ó Temperature of  conduit exposed to sunlight on rooftops can be 14°C to 33 

°C above ambient.  
ó AC wiring 
ó Imax = Pmax/240 V 
ó Ioutput = Imax * 1.25 
ó Select wire gauge and temperature rating. 
ó Ampacity of  wire corrected for temperature and conduit fill 

ó OCP device < Ioutput (Always round up.) 
 

Electrical Calculations 
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The Permit Package 
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System Installation 

ó Anchor and rail installation 
ó Module mounting 
ó Junction box installation 
ó Inverter installation 
ó Final completion of  the array circuit 
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System Installation 

Know how to use and put on your safety gear. 
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System Installation 

Correctly install safety anchor points. 
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System Installation 

Lay out chalk lines and measure for mounting bracket holes. 
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Position modules in landscape mode with vertical rails.  

System Installation 
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Install rails to anchors. 

System Installation 

http://www.youtube.com/v/ir9c0zCbEF0 
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System Installation 

Check for squareness by equating the diagonals. 
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Position module junction box to facilitate wiring, attach ground 
wire, position module, and install end clamps. 

System Installation 

http://www.youtube.com/v/0-FxFjtLE1E 
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Install WEEB clips and position with mid-clamp. 

System Installation 

http://www.youtube.com/v/1poG-A-zQSI 
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Install ground wire and second module. 

System Installation 

http://www.youtube.com/v/rl-8_MF31A8 
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Connect wires in the string. 

System Installation 

http://www.youtube.com/v/E_C_-SBP4QU 
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Install remaining modules. 

System Installation 
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Connect PV wires to the Soladeck combiner/junction box that 
feeds through roof to attic space. 

System Installation 
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The Soladeck enclosure 

System Installation 
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Attach conduit from Soladeck on roof to junction box in attic. 

System Installation 
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Service panel 

AC disco 
Inverter 

DC disco 

System Installation 
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Net meter 

System Installation 
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DC disconnect with lockout/tagout 

System Installation 
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Checking for array voltages and polarities 

System Installation 
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Inverter is powered up and begins a 5-minute “countdown” 
before producing AC power. 

System Installation 
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Post Installation 

ó Commissioning & certification 
ó Inspections  
ó Building and safety 
ó Utility 

ó Owner’s manual 
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System Certification  

ó Document system: 
ó Date, time, ambient temp, irradiance 
ó Lead installer   
ó Person doing certification 

ó Specify manufacturer and model no.: 
ó PV Module 
ó Inverter 
ó DC & AC disconnects 

ó Document:  
ó DC measurements 
ó Number of  modules/string and number of  strings 
ó Open circuit string voltages (V+ to V-, V+ to gnd, V- to gnd) 
ó String voltages under load 
ó AC measurements 
ó L1 – L2, L1 – neutral, L2 – neutral voltages 
ó AC power and cumulative energy produced 
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Example of Certification Sheet 
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Inspection Card 
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Applicable Codes 

ó NEC 2011 
ó NFPA 70 
ó IRC or IBC 
ó California State Fire Marshal: Solar Photovoltaic Installation 

Guideline; “Final Draft”; April 22, 2008 
ó Contact your state, and county/city authorities for additional 

rules and procedures. 
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Instruction Ideas 
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Instruction Ideas 
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Instruction Ideas 

Next Steps... 
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SEET 

For more information on the SEET Energy 
Webinar Series, please contact Melonee at 

ATEEC 
mdocherty@eicc.edu  

 
http://ateec.org/ateec-downloads/ateec-downloads/ 
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