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An overview 

• In the early days... 

Photovoltaics  seemed  mostly “way out there” 



 
or only associated with small 

consumer “toys” 
 



Until the first “used “ PV modules became 
available  

 to “creative hippies” and  DIY pioneers… 

 

 

 

 

 

 





-Temporary storage for generator ? 

      -baking soda in the “Bacardi” box ? 



Direct-coupled PV 

                                                 

    is a perfect example of  
     “appropriate technology”: 
 
     the PV does its’ work as                       
     the sun is shining-  
  
     No batteries needed 
      
    crop irrigation, water pumped  
    to storage, and attic ventilation fans 
     directly match the solar energy  
    resource to a job to be done 
   
 
 
 
 
 



But some jobs require batteries 
 



Stand-alone  PV 

-Provides access to energy for work in  

     remote areas 

 

- Avoids the cost of extending utility lines, 

 

- Is an alternate to the excessive use of 
generators  that are fossil fueled  



Enjoy  remote 



But  Plan    
 Ahead 



Use  Best Practices 









What really counts today 

 



Get a little power 
• And we often want more.. 

 
• The basic battery-based PV system is still a series 

--Solar PV array 
 

– Charge controller  to make sure the  batteries 

  Are not overcharged by the array 
 

 -   Battery bank of DC  low voltage to Match Loads  
either directly,  or,  as the basis for an inverter to satisfy 
common AC  appliances. 

-- 
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The Power Shed 

To house 

Inverter, charge control 

And battery bank in shed 

900 W 



Peak Power (Pmax) is at MPP  



JATC Solar III code -  D. Thayer & 

K. Benyo 
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Charge Controller (Series) 

Diversion Charge Controller. (Parallel) 

Charge 

controller 

Battery 
Bank Array 

Diversion 

Load 

Charge 

controller 

Battery 
Bank Array 

Diversion load is sized 

according to battery voltage & 

follow 690.72(B)(2) 



Most economical storage method today 

2 – 12VDC building blocks 

Lead-Acid 
Flooded 

Absorbent Glass Matt (AGM) 

Gel 

NiCd 

NiMH 

Lithium-ion 

 
 

 

 





Grid –tied only PV 

• PV Array feeds an inverter that  needs an 
active utility grid in order to operate 

• GT Inverter sends synchronized AC 
electricity into the Main Service Panel 

•  Household appliances use the PV power  

• excess power produced can backfeed  into the 

utility grid as a net meter credit 

 



Direct Grid Interactive (DGI) 

JATC Solar III code -  D. Thayer & 

K. Benyo 
24 
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DC disconnect 

Rated for up to 600 V DC 

“Readily accessible” and 

There is plenty of “working space” 





GTBB 
• But if essential loads need power when the 

utility is not available… 

• Battery-back up can be  added …. 

The battery energy is “standing-by” ready to power 

• Well pumps 

• Heating  controls for Oil and gas equipment 

• Circulators  for  furnace,  boilers,  radiant floors,  

• Sump pumps 

• Key lighting and security alarms 

• Communications 





DC coupled: (with charge 
controllers) 

 Outback Power Systems  
       --Flexpower with grid-interactive inverter 

   starting at 2 kW @ 120 Vac 

 

 Schneider Electric ( formerly Xantrex) 

  -XW    4 kW @ 120/240 Vac 



Traditional Bimodal inverter/charger for grid-tie 







 



AC Coupled 
- Uses batteries to create a replacement  AC “grid” 

signal  that is capable of keeping “grid-interactive” 
inverters running while the normal utility is not 
available..   AC to AC connection 

 

SMA 
  - Sunny Island    5 kW @ 120 Vac 
           6.5 kW@ 120 Vac 

Out Back Power   
  -Flexpower        2kW+ @ 120 Vac 
  - Radian             8 kW @ 120/240 Vac  
 



The Sunny Island  was first 
introduced  as an “add-on” to 
the many “Sunny Boy” grid-
interactive only” string inverters 
already in place before  the  
2003 “Blackout…” 
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Outback power’s RADIAN  
offers 

true “Plug and Play” installation 
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What Kind of Battery Do I 

Select? 

• Wet, Flooded, Vented 

                Lead Acid   (FLA)        

Alkaline           

-NiCad's 

             - Nickel Iron   (NiFe) 

• Sealed VRLA 

 -AGM 

 -GEL 







Safety Manual 

latest update: 5-6-2010 

ETM Solar Works  

Follow Safety Procedures 

Wet cell batteries should be in an enclosure with  

restricted access (such as screw-on top). The enclosure  

must be vented to the outside, since batteries evolve  

hydrogen when charging. 

 

Customers should receive a manual on battery safety and 

care. The Northeast Solar Electric Battery Book serves  

this purpose well. Supply customers with large box of 

baking soda, eyewash and fire extinguisher if they have a 

battery bank. 
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Battery Safety  



Safety requires  personal  protective equipment  (PPE) 



Safety Manual 

latest update: 5-6-2010 

ETM Solar Works  

Follow Safety Procedures 

Acid hazard 

• Lead-acid batteries have sulfuric acid in them. This can 

burn you and your clothes. 

• Always wear safety glasses 

• Wear plastic gloves and plastic apron when handling  

batteries 

• Keep baking soda and fire extinguisher near battery 

bank 

• Watch where ends of metal tools are when tightening 

bolts on battery terminals 

• Do not tip batteries when handling. 
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Battery Safety  





Safety Manual 

latest update: 5-6-2010 

ETM Solar Works  

Follow Safety Procedures 

Electrical hazard 

Never short (+ to -) battery terminals! 

Never short + to ground! 
 

 Batteries can produce thousands of amps for short 

 periods, causing large, sustained DC arcs. This will 

 burn your hands off and cause the battery to 

 explode (splattering you with acid).  
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Battery Safety  
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VIII. Storage Batteries 

Highlights: 

•High-voltage (=over 50 V) not allowed unless terminals 

 are inaccessible 

•Guard live parts.  

•Make sure there is a fuse or breaker in the + wire of  

 the battery bank. 

•There has to be disconnect switch 

•Wet cells must have sufficient ventilation. See Article 480. 

•Check Article 110.26 for working space rules. Don’t put the  

power panel directly above the battery bank. 

•Use battery cables of the correct type. 
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If batteries are being installed where there is propane, check the 

local propane code. Usually, you cannot install a battery bank  

within 3’ of a propane fired appliance. 

If the battery box vent goes thru the wall, install a power vent. 

Related codes 
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Know the Code: PV and NEC 

“More than half of all fires are 

caused by electricity.” --NFPA 



An evolving NEC code 
for Photovoltaics 

Shows much change in temperature derating 
calculation 
 
Discussion of grounding methods 
 
And incorporates other codes and standards, 
especially from  IFC and IBC 
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There are 4 things we have to use NEC in PV system 

design on a regular basis 

1) DC Voltage of PV as a function of temperature 

 

2) Voltage drop 

 

2) Ampacity of wires, fuses and breakers 

 

3) Grounding 
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Sharp 185 

Voltages and currents 

are given at standard 

test conditions and are 

NOT the maximums! 



A  Problem 
• The Standard Test Conditions  (STC) shown on the  

PV module label are not “real world“ normal 
operating conditions (NOC) 

 

• Colder working temperatures increase the  

 PV module  output voltage 

 

• heat gain from sunlight exposure decreases the 
PV cell’s performance efficiency  
 –output voltage drops 

 



II. Circuit Requirements 
690.7 Maximum Voltage. 

 

NEC 2005 requires  that  chrystalline wafer PV 

modules MUST use table 690.7 to predict the expected 

open circuit voltage (Voc)  increase when cell 

temperature is colder than STC of 25 degrees C 

 

Record cold temperatures for the location are used to find  

Maximum voltage predictions 

60 

 

 

Let’s look at how one section has changed in NEC 
2005 & NEC 2008 – to NEC 2011 





NEC 2008 expanded the table… 

Also , Manufacturer instructions MAY be used for cold temperature 
corrections , and suggests criteria other than historical record cold 
temperature  be used in order to define “ lowest expected ambient 
temperature”. (Ashrae –”extreme annual mean minimum temperature”) 

A temp. of -20 deg C ~ 1.18 factor 
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Calculating Voltage Change with Temperature 

COLD 

V (at Temp) = V (at STC) + [Temp coeff x (T of interest – 25 C)] 

 

The Sharp 224 module has a temperature coefficient of -0.120 V/C 

(That’s volts per degree C). It is negative because the voltage gets 

HIGHER as the temperature gets LOWER. The open circuit voltage 

is 36.6 V at STC (1000 W/sq. m. , 25 C). 

                    At – 20 C (-4 F): 

 

Voc (at -20) = 36.6 + [-0.120 x (-20-25)]  

          = 36.6 + [-0.120 x -45) 

          = 36.6 + [5.4]  

                     =  42.0 V   

Series String Sizing 

 For the longest string of 

modules, take inverter’s max 

DC input voltage and divide 

by Maximum module Voc: 

 

For SMA 6000 that would be 

600 
 

 42 = 14.28 modules 
Compare to using table factor= 43.2 V 



NEC 2011 requires use of 
Manufacturer information 

• table 690.7 is used only if Temperature 
Coefficients are not available 

• Manufacturer TC data maybe in form of  

 % / degree C       or,   V / degree C 

Calculation = TC x temperature difference  

  between ambient and STC ( 25deg C) 

Will give correction required to find 

    Maximum PV system Voltage  



In NEC 2011.. 

• In addition: 

 

  .  Calculations will use Ashrae or ANSI 
standards for expected low temperature 
projections instead of record low temperatures.. 

i.e.“ Extreme Annual Mean Minimum Design  

        Dry Bulb temperature”-ASHRAE handbook 

 



Using TC ~ %/ deg C 
 571 V 



Using TC of–0.V/ deg C    
 575V 



Using Table 690.7 
 593 V 
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Voltage decreases as 
Temperature increases 

(constant) 
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V (at Temp) = V (at STC) + [Temp coeff x (T of interest – 25 C)] 

 

The max power point voltage, Vmp is 29.28 V at STC (1000 W/sq m. 

, 25 C).  Let’s see what it is at 60 C such as on a hot sunny day, when 

the dark-colored module heats up to about 30 C above ambient: 

 

Vmp (at 60 C) = 29.28 + [-0.120 x (60-25)]  

          = 29.28 + [-0.120 x 35) 

          = 29.28 + [-4.2]  

                     =  25.08 V   

Calculating Voltage Change with Temperature 

HOT 

Series String Sizing 

 For the shortest string of 

modules, take inverter’s 

minimum PPT voltage & divide 

by module Vmp-- 

For a SMA 6000 that would be 

250 
 

 25.08 = 9.968 modules 



Use TC to foresee Hot 
condition deratings 
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Hot “Conditions of Use” also affect the 

temperature of exposed wiring, when inside 

conduit , as exposed to sunlight, and  at 

 various distances from the roof surface- 

 see ..Table 310.15(B)2(c) 
 

Use  Vmp  for calculations to correct 

temperatures for  

  “normal operating conditions” 

 

 ASHRAE “2% design temperature” 

 may replace “average hot” 

 temperatures previously used 
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Use the Copper 

Development 

Association’s 

“Outdoor 

design 

temperatures” 
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New temperature calculations in NEC 2008 

Table 

310.15(B)2

(c) 

But what 

ambient temp do 

you use? 
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 Per NEC 2008  you take the design temp + temp. “adder” from  

    NEC table 310.15(B)(2)(c)  

 

 = the temperature you will need to de-rate to in NEC table  310.16 

 

       for example:  In Binghamton, NY  the design temp = 84 F.  

 

   For a conduit sitting on the roof, you have to add 60 F.  (33 C)  

 So the temperature to de-rate for is 144 F.   
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A design temp of 144 means a de-rate factor of 0.58  
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The PV modules are to be connected in series 
with a single conductor cable.  

So the temperature rating of all terminals, 
devices, conductors and cables should be 
90ºC. 

The ambient temperature could be  

170
 

F (77 C) between the roof and the module. 



Types of Conductors Used in 
PV Systems 

 

JATC Solar III code -  D. Thayer & 

K. Benyo 
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(In NEC 2014- only “PV conductors” can be 
used with ungrounded  DC systems) 
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690.5 Ground-Fault Protection. Roof-mounted dc photovoltaic 

arrays located on dwellings shall be provided with 

dc ground-fault protection to reduce fire hazards. 

 

(A) Ground-Fault Detection and Interruption. The 

ground-fault protection device or system shall be capable of 

detecting a ground fault, interrupting the flow of fault current, 

and providing an indication of the fault. 

(NEC 2011 expands GDFI to all  buildings,  

NEC 2014 adds  ARC fault interruption to combiners) 



Fuses must be rated 

for  DC service 
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VI. Marking 

 

Signs, signs, everywhere there’s signs 

And NEC 2014 will have more of them to 

IFC, ANSI and OSHA standards… 
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Some markings are already there such as 

on modules. Others, you have to put on, 

such as: 

690.53 Photovoltaic Power Source. A marking, specifying 

the photovoltaic power source rated as follows, shall be 

provided by the installer at the site at an accessible location 

at the disconnecting means for the photovoltaic power 

source: 

(1) Operating current 

(2) Operating voltage 

(3) Maximum system voltage 

(4) Short-circuit current 
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690.54 Interactive System Point of Interconnection.  

Label the breaker PV is tied in to 

 

690.55 Photovoltaic Power Systems Employing Energy 

Storage.  

State Max voltage 

 

690.56 Identification of Power Sources. 

Indicate where the disconnects are.  

690.64 (B)(4) and (5). 

Label the breaker which is back-fed by PV system 

and that it IS back-fed.  
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Neatness keeps inspectors happy 
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     Uncertain about the future  ?    
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Alternating-Current Modules 
 

ac module system 
 

 

 

 

Array (of ac modules) 

ac module (includes inverter) 

Inverter output circuit 

Dedicated branch circuit of the 

electric distribution system 



New homes being required  
 to include solar appliances 
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Examples of BIPV 



Bank drive-thru canopy as BIPV 



Rapidly deployed  PV systems and  

   “plug and play” appliances  are common 





NEC 2014  
replaces “markings” with LABELS 

 International  Fire Code (IFC) will become 

part of NEC 2014 to provide consistent label 

guidelines  (NEC 2011 and IFC 2008 differed) 

UL 929 standard added     

      

 Some signage must be reflective 

 Yellow=Caution; Orange= warning;  

 Red background with white letters 
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IFC rules 
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99 



100 



101 



102 



103 



104 



105 



106 



107 



108 
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When there’s a 

HUGE solar 

energy spill, we 

just call it a “nice 

day”! 


