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Solar Power Lunchbox Instruction Manual 
 
Check boxes (  ) are provided in many sections of this manual to help keep you 
on track during your project.  As a part is obtained or as a step is completed, 
mark the checkbox (X) so you'll know that step has been completed.  It is 
strongly suggested that you read this instruction manual and view all of the 
photos before you start work on your Solar Power Lunchbox.  If the text of a step 
isn't clear to you, the accompanying photo or drawing may help clarify what's 
needed in that step. 
 
Circuit Description 
 
The heart of the circuit is the 12V lead/acid battery, used to store energy. It is connected directly to the cigarette lighter 
connector, providing power to it all the time. The solar panels charge the battery. Power from the solar panels flows 
through a diode that keeps battery current from flowing back through the solar panels when they're not exposed to light. 
Under ideal conditions, each solar panel can provide about 90 milliamps (0.09 amps) of current. Since they're wired in 
parallel, three of them can provide about 270 milliamps (0.27 amps) of current to the battery and/or the devices connected 
to the cigarette lighter sockets. The solar panels are designed to directly charge 12V batteries, and do not need a charge 
regulator to keep the battery from being over-charged. 

 
Work Area 
 
Be sure you have a well-lighted, comfortable work area at least 3 feet by 3 feet available for the project.  The bigger the 
work area is, the better, especially if several people will be working on the project.  If the surface on your work area could 
be damaged by work such as drilling or soldering, protect the surface by covering it with recycled cardboard or 
newspaper. 
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Inventory 
 
Be sure you have the following parts.  Sources are listed for most of the parts, but many may be available from your local 
hardware or electronic parts stores. 
 
(  )  Metal Lunchbox case with cover at least 8 1/4" X 6 3/4".  The 
lunchbox provided by Solar Schoolhouse comes with pre-drilled holes for 
the solar modules and dc socket. If you will be making your own box, 
check the appendix for sample dimensions.  
 
(  )  (  )  (  )   G.E. Model GEPVc-001-LCA Photovoltaic Module (Solar 
Panel) (3 required, available from Rahus Institute) 
 

           
 
(  )  12V 1.3 A-Hr Lead Acid Battery (AtBatt # AP-1214 or equivalent) 

                       
 
(  )  2.6" x 3.6" x 1" Plastic case  
     (All Electronics part number 1591-MSBK or equivalent) 

 
 
 
 
(  )  Automotive cigarette lighter female socket 
     (1/2 of All Electronics part number CLP-Y or equivalent) 

 
 
(  )  Automotive cigarette lighter panel mount socket 
      (local auto parts store  or  #TC610 @ HSC Electronic Supply) 
(  ) Dust cover for cigarette lighter socket , panel mount 

 
 
(  )  3 terminal insulated terminal strip  
      (1/4 of All Electronics part number TB-20 or equivalent) 

 
 
 
 
 (  )  1N4001 Diode (All Electronics 1N4001 or equivalent) 
 

 
 

 
(  )  USB Car Charger (model may differ from illustration) 
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(  )  (  )   Two (2) 4” zip ties or cable ties     ( ) ( ) Two (2) tie mounts 

                                    
 
(  )  (  )  (  )  (  )  4 insulated 1/4 " female spade crimp wire connectors (All Electronics part number 6225 (bag of 50) or 
equivalent, available in smaller quantities from local hardware store) 

                                                             
 
(  )  Double sided foam tape (at least 16 1" x 1" squares) (local stationary or office supply store) 

 
 
Tools 
 
Be sure you have the following tools available: 
 
(  )  Small flat blade screwdriver 
(  )  Small Phillips screwdriver 

 
 

(  )  Wire cutters (diagonal cutters) 
 
(  )  Wire stripper/crimping tool    (  )  Voltmeter capable of reading up to 20 volts DC 
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Mounting the Solar Panels to the case 
 
For this section, you'll need the prepared lunchbox case, 3 solar panels, and double-sided foam tape 
 
(  )  (  )  (  )  On the back of each of the solar panels, affix (4) 1”x 1” double-sided foam tape squares as shown below.  The 
exact position of the foam tape squares is not critical, but they should be near the corners of the panel. 
 

 
Double-sided foam tape on solar panel 

 
(  )  Thread the wires of each of the solar panels through the 1 1/2" - 2” holes on the top of the lunchbox case, then make 
sure that the solar panels fit over the holes in a way that allows the wires and glue blobs to protrude through the holes 
without interference and without having the panels overlap.  Adjust the holes (make them bigger) if needed. 
 
(  )  (  )  (  )  Stick each of the solar panels to the outside of the lunchbox case with the double-side foam tape, as shown 
below.  Note the direction that the wires from the 3 panels face (toward left when viewed as shown). 
    

                
                    Solar panel mounting - inside view                     Solar panel mounting - outside view 
 
(  )  Place the lunchbox on a sturdy flat surface with the solar panels facing down.  Press firmly on the inside of the 
lunchbox cover above the area where the foam tape squares are to stick them to the lunchbox. Attach two zip-ties to the 
solar panel wiring as shown below, using tie mounts if desired, and cut off the excess. 
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If the socket wire is already 

> 5”, then no wire change is 

needed.  But, since this part 

can come with different 

wire color combinations, 

open the socket to identify 

which wire is positive 

(connected to the center 

tab), and which is negative 

(connected to outside tab).  

You’ll need this information 

when connecting to the wire 

terminal later on.  

Mounting Cigarette Lighter Socket to Case 
 
(  )  Mount the panel-mount cigarette lighter socket to the case by un-screwing the outer part of the socket’s housing, 
placing the inner part of the socket through the 7/8 inch hole in the side of the case, and screwing the outer part of the 
housing back on firmly.  If the socket dust cover is available, put this on the socket before attaching it to the lunchbox. 
  

 
 

Mounting the panel mount cigarette lighter socket to the case 
 
(  )  If the wires on the female cigarette lighter socket are less than ~ 5,” you’ll need to solder on longer replacement wires 
(use excess yellow/white wire from the solar cell). Unscrew the two sections, and use a soldering iron to un-solder the 
original wires. Replace the red wire with about 8” of yellow wire, and the black wire with about 8” of white wire. The center 
terminal is positive (+) (red or yellow wire goes here). The outside terminal is negative (-) (black or white wire goes here).    

 
 

 
 

Prepared cigarette lighter socket 
Mounting the Diode 
 
(  )  Cut both leads of the diode so that they are 3/4" long. Bend both leads so they are perpendicular to the diode body. 
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Mounting the Diode (continued) 
 
 (  )  Mount the diode to the terminal strip as shown.  Note the position of the diode - striped end toward terminal 1.  
Tighten the screws on terminals 1 and 2 firmly.  The orientation of the terminal strip is determined by the placement of the 
diode, you may wish to mark the numbers on your terminal strip for clarity, but it’s not necessary. 
 

 
 

Diode mounted in terminal strip 
 

Wiring 
 
(  )  Form the wires from the solar panels as shown on the photo below, using wire tie mounts if desired,  then cut the 
wires off so that they extend about 6 inches beyond the hinge (long enough so they can reach into the box). 
 

 
 

Wires from Solar Panels 
 
(  )  Strip about ½ inch of insulation from each of the wires. 
 

 
 

Stripping ½ inch of insulation 
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Wiring (continued)  
  
(  )  (  )  Cut 2 pieces of yellow wire (from the scrap wire that you just cut off) 8 inches long.  Strip ½ inches of insulation 
from one end of each yellow wire and ¼” from the other end. 
 
(  )  (  )  Cut 2 pieces of white wire (from the scrap wire that you just cut off) 8 inches long.  Strip ½ inches of insulation 
from one end of each white wire and ¼” from the other end. 
 
(  )  (  )  Crimp a crimp wire connector onto the ¼” stripped end of each of the yellow wires.  Be sure to crimp the 
connection very tightly – the metal of the bare wire bonding with the metal of the connector.  Tug on the wire when you’re 
done to be sure that it won’t pull out of the connector. 
 

 
 

Crimping on wire connectors 
 
 
(  )  (  )  Crimp a crimp wire connector onto the ¼” stripped end of each of the white wires.  Be sure to crimp the 
connection very tightly - the metal of the bare wire bonding with the metal of the connector. Tug on the wire when you’re 
done to be sure that it won’t pull out of the connector. 
 

 
 
(  )  Remove the cover from the small plastic box.  If holes have not been drilled into the box, you’ll need to drill two ¼ inch 
holes in both ends of the box, as shown below. 
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Wiring (continued)  
  
(  )  Thread all of the yellow wires from the solar panels through a hole in the end of the small plastic box. Twist them 
together, and attach them to terminal 5 of the terminal strip as shown in the photo below. Use a small screwdriver to 
tighten the screw for terminal 5 firmly so the wires won’t slip out. 

 
 

Threading wires into Terminal 5 
 
(  )  Thread all of the white wires from the solar panels through the hole in the end of box next to the yellow wires. Twist 
them together, and attach them to terminal 3 of the terminal strip. Tighten the screw for terminal 3 firmly. 
 

 
 

Connecting wires into Terminal 3 
 

(  )  Thread the free ends (no connector) of both of the 8” yellow wires through a hole in the other end of the plastic box. 
Twist them together. Thread both wires from the cigarette lighter female connector through the other hole in the same end 
of the box. Twist together both yellow wires and the yellow* wire (the positive (+) connection) from the cigarette lighter 
female connector. Connect the wires to terminal 6.  Tighten the screw for terminal 6 firmly. 
*Remember the color of the positive wire on the auto socket may differ from the one seen in the pictures here. The 
Positive wire is the one attached to the center tab on the auto socket. 
 

 
 

Wires connected to Terminal 6 
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Wiring (continued)  
  
(  )  Thread the free ends (no connector) of both of the 8” white wires through the hole next to the 8” yellow wires, and 
twist them together.  Connect both white wires and the white (negative*) wire from the cigarette lighter female connector 
to terminal 4.  Be sure to tighten the screw for terminal 4 firmly so the wires won’t slip out.  *The negative wire on the auto 
socket is the one that is attached to the outside tab.  
 

 
 

Wires connected to Terminal 4     Finished Box Wiring 
 
 

(  )  Connect one of the yellow wires that’s coming out of the box to the center terminal of the panel mount cigarette lighter 
socket.  Push the connector onto the terminal firmly (it’s a tight fit). 
 
(  )  Connect one of the white wires that’s coming out of the box to the outer terminal of the panel mount cigarette lighter 
socket.  Push the connector onto the terminal firmly (it’s a tight fit). 
 

 
 

Panel mount cigarette lighter socket wiring 
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Mount The Plastic Box, the Battery, and Finish Assembly 
 
(  )  Screw the top onto the small plastic box, and mount it to the inside of the lunchbox in the position shown in the photo 
below using 4 double-sided foam tape pieces. Cut the remaining 1” squares into ½” x 1” pieces, so you’ll have one for 
each corner.  
 

 
 

Mounting the plastic box inside the lunchbox  
 
 
(  ) Attach 4 double-sided foam tape (1/2” x 1”)pieces to the side of the battery as shown below left. Mount the battery to 
the inside of the lunchbox as shown below right. Position it as close to the bottom and center of the lunchbox as possible.  
Mount so that nameplate data is visible.  
 

 
 

Attaching the foam tape squares   Pressing the battery into the lunchbox 
 

 
 

(  )  Connect the remaining free yellow wire to the positive battery terminal (usually marked with red). You may need to 
remove a protective cap from the battery terminal.  Push the connector onto the terminal firmly (it’s a tight fit). 
 
(  )  Connect the remaining free white wire to the negative battery terminal (usually marked with black or un-marked). You 
may need to remove a protective cap from the battery terminal.  Push the connector onto the terminal firmly (it’s a tight fit). 
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Test the lunchbox.  

Plug  the USB Car Charger into 

each of the cigarette lighter auto 

sockets.  If the red LED light on the 

charger lights up, then the circuits 

are working correctly and it’s 

ready to go! 

Finish Assembly (continued)  
 

 
Final Solar Lunchbox Assembly 

 
If the battery wires are too long, remove the top of the small plastic box, and pull the wires back into the box as needed. 
 
Congratulations - you’ve just completed your solar lunchbox! 
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LED Light Assembly 
 
Inventory 
 
(  )  12v fused cigarette lighter plug  
 
 
(  )  Clothespin 
  
 
(  )  (  )  (  )  3 pieces of heat shrink tubing 
 
 
(  )  (  )  (  )  3 LEDs, Bright White 
 
 
(  )  Resistor 100 Ohms 
 
 
(  )  6 feet of excess wiring from lunchbox solar panel 
 
 
 
Tools 
(  )  Heat gun, cigarette lighter or matches for shrinking heat shrink tubing 
(  )  Soldering iron with small pointed tip (1/8” or smaller)  
(  )  Rosin core (radio solder) 
(  )  Wire cutters / diagonal cutters 
(  )  Wire stripping & crimping tool 
(  )  Small needle nose pliers 
(  )  Ruler or tape measure 
(  )  Masking tape 
(  )  Black Sharpie pen 

         Heat Gun 
 
 
Overview 
To make the LED light assembly, you’ll disassemble the cigarette plug and replace the original wires with about 6 feet of 
left-over wires from one of the lunchbox solar panels. Then you’ll wire the three LEDs in series, attach a resistor, and 
solder the connections. Finally you’ll solder the solar panel wires to the LEDs, and apply heat shrink tubing to protect the 
connections.  
 
Prepare the Cigarette Lighter Plug 
 
(  )  Unscrew the tip. Remove the fuse, spring, and silver ring.  
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Prepare the Cigarette Lighter Plug (continued) 
 
(  )  Remove the screw and nut that hold the plug body together, and carefully pull the plugs halves apart. 
 

   
 

(  )  Note the order of assembly of the parts. Put the screw, nut, plug tip, fuse, spring, and silver ring in a safe place. 

 
(  )  Pull the wires and connecting clips out of the cigarette plug, and remove the rubber sleeve. Place the clips on a 
solder-proof surface, and use a hot soldering iron to remove the old wiring from both metal pieces.  

           
 
 

(  )  Tin the ends of the both solar panel wires with a small amount of solder. It helps to tape the wires down first with 
masking tape or painters tape. 
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Prepare the Cigarette Lighter Plug (continued) 
  
(  )  Tape the small metal clip onto a piece of wood to make it easier to solder to. Then solder the YELLOW wire to the 
small clip in the same place where the old wire was connected. 

           
 

 
(  )  Tape the other metal clip onto a piece of wood, and solder the WHITE wire in the same place where the old wire was 
connected.  

 

 
 

 
(  )  Replace the rubber sleeve and put the clips back into the cigarette plug. Screw the plugs halves back together. 
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Prepare the Cigarette Lighter Plug (continued) 
 
 
(  )  Replace the ring. Insert the spring and fuse. Assemble the tip and screw it in place as shown below.  
 

        
 
 
 
Wire the LEDs 
 
(  )  The LEDs will be wired in series, connecting the positive (+) leg of one LED to the negative (-) leg of the next LED. 
There are two ways to determine the polarity of the legs. The POSITIVE leg is the LONGER LEG. To help in identifying 
the (+) and (-) legs, mark the SHORT leg with a BLACK Sharpie pen near the LED. 
 

 
 
 

There’s also a flat spot on the NEGATIVE side of the LED (the short leg side). If you place the LED on a flat surface you 
can find this flat spot (or run your fingernail around the base of the LED). 
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Wire the LEDs (Continued) 
 
 
(  )  Twist the long leg of the first LED together with 
the sort leg of the second LED. Then twist the long 
leg of the second LED together with the short of the 
last LED. This connects the LEDs with series wiring.  

    

 
(  ) Trim the excess wire between the LEDs. Twist 
either leg of the resistor to the positive leg of the LED 
assembly, about ½ inch from the end of the LED.  
 
 

 
      LEDs wired in series           Resistor connected 
 

 
(  )  Tape the assembly to a block of wood and solder the connections between the LEDs. Then solder the connection 
between the LED and the resistor. Trim off the excess wires. Carefully bend the LEDs together as shown below. 
 

 
 
(  )  Slide the largest piece of heat shrink tubing onto the 6’ wires from the cigarette plug. Cut the medium diameter heat 
shrink tubing in half. Slide one half over the yellow plug wire, and the other half over the white plug wire. Cut the thinnest 
diameter heat shrink tubing in half, and slide the pieces over the solder joints between the LEDs.  
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(  ) Use a heat gun or cigarette lighter to shrink the small tubing around the LED wires. It helps to hold the wires with a 
clothespin. 
 
(  ) Twist the positive (yellow) wire around the free leg of the resistor, and twist the negative (white) wire around the other 
leg of the LED assembly. Solder the connections between the wires and the LED assembly.  
 

  
 

(  ) Slide the pieces of medium heat shrink tubing up over the connections, and shrink them with a heat gun or lighter. 
 

(  ) Finally, slide the large heat shrink tubing up over the medium tubing, and use a heat gun or cigarette lighter to shrink 
the tubing. 

  
 

 
Congratulations, you’ve completed the LED Assembly! Use the clothespin to hold up the assembly, or to clip it on objects. 
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Basic Use Instructions 
 
The Solar Power Lunchbox is a small off-grid photovoltaic power system.  The solar panels charge the battery and the 
battery can power devices via the cigarette lighter connector.  Ideally, the solar panels should be exposed to the sun with 
the flat side of the panels pointed directly at the sun to charge the battery as quickly as possible.  You can prop the lid 
open at an appropriate angle to point the solar panels right at the sun.  As the sun moves, the whole lunchbox can be 
turned to keep the solar panels pointed right at the sun. 
 
Typical uses of the solar power lunchbox can include recharging cellphones and other devices via the cigarette lighter 
connector, or directly powering other devices such as emergency lights via the cigarette lighter connector.   
 
To avoid draining the battery, make sure to unplug the USB charger when not in use – this device pulls a small amp draw 
even when not charging a phone or other music player..  
 
To assure that the battery lasts as long as possible, don’t let the voltage of the battery get below 10.5 volts while powering 
a device or below 11 volts when not powering a device.  Recharge the battery as soon as possible each time you use 
power from it.  A good strategy is to find a sunny window sill or other sunny location to leave the lunchbox when not in 
use.  By keeping the batteries fully charged, this will help extend their life.  
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Activities 
 
1) Measuring the open circuit voltage from the solar panels 
 

Disconnect the battery (both terminals) and connect a voltmeter to the white (negative) and yellow (positive) wires that 
were disconnected from the battery.  Expose the solar panels to bright sun and read the voltage on the voltmeter.  This is 
the open circuit voltage of the solar panels.           
 

Open Circuit Voltage:__________ 
 
 
2) Measuring the short circuit current from the solar panels 
 

Disconnect the battery (both terminals, and connect an ammeter to the white (negative) and yellow (positive) wires that 
were disconnected from the battery.  Expose the solar panels to bright sunlight and read the current on the ammeter.  
This is the short circuit current from the solar panels.  Shade two of the solar panels with something opaque (aluminum 
foil or cardboard and read the current on the ammeter.   This is the short circuit current from the unshaded panel.  Repeat 
the process for the other panels. 
Short Circuit Current (three panels):________   (panel 1):__________  (panel 2):__________  (panel 3):_________ 
 
 
3) Measuring the working current from the solar panels 
 

Connect the white (negative) battery lead to the battery, disconnect the yellow (positive) battery lead.  Connect the 
positive lead of the ammeter to the yellow (positive) wire and connect the negative lead to the positive battery terminal.  
Expose the solar panels to bright sunlight and read the current on the ammeter.  This is the working current from the solar 
panels. 
Working Current:__________ 
 
 
4) Measuring the working voltage from the solar panels 
 

Connect both battery leads (yellow to positive, white to negative), but don't push the connectors all the way on the 
terminals - leave a little bit of the terminals exposed so you can connect a meter.  Connect a voltmeter to the terminals on 
the battery, expose the solar panels to bright sun, and read the voltage on the voltmeter.  This is the working voltage of 
the solar panels.           
Working Voltage:__________ 
 
 
5) Measuring the working current to a device 
 

Connect the white (negative) battery lead to the battery, disconnect the yellow (positive) battery lead.  Connect the 
negative  lead of the ammeter to the yellow (positive) wire and connect the positive lead to the positive battery terminal.  
Connect a device (cell phone, media player, etc.) to  the cigarette lighter connector and turn the device on.  Read the 
current on the ammeter.  This is the working current for the connected device.  If you have something else to test, repeat 
the above for another device.    
        

Working Current (device 1:_________________________________) : __________   
 
Working Current (device 2:_________________________________) : __________ 
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Calculations 
 
The formula for power is: Voltage [volts]  X Current [amps] = Power [watts] 
 
1) Calculate the power being provided by the solar panels (use working voltage and working current). 
 
Solar Panels Power:__________ 
 
Battery capacity is measured in Amp Hours.  Ideally, a 1 Amp Hour battery can provide 1 amp for 1 hour, 1/2 amp for 2 
hours, 2 amps for 1/2 an hour, etc. 
 

The formula for battery capacity is: Battery Capacity [Amp Hours] = Charging Rate [Amps] x Time [Hours]  
 
2) Your battery has it's capacity listed on the label.  It is most likely a 1.2 Amp Hour battery.  Using the working current 
from the solar panels, calculate how long it will take in full sun to recharge the battery if it is completely dead. 
 
Recharge time in full sun:__________ 
 
3) If in your area, you get 4 hours of full sun per day (the sun may shine for a lot longer, but since it's not directly overhead 
many of the hours are less than full sun hours), calculate how many days will it take to completely recharge the battery if it 
is completely dead. 
Days to fully recharge battery:__________ 
 
4) Lead acid batteries are not 100% efficient.  It usually takes about 10% more power to recharge a battery than it can 
provide.  Using this knowledge, recalculate the number of days needed to fully recharge the battery. 
Days to fully recharge battery (including loss):__________ 
 
5) Using the working current for one of your devices, calculate the power used by the device assuming it is running on 12 
volts.  This would also be the power being provided by the battery. 
 
Device Power @ 12V (device:________________________________) : __________ 
 
 
The formula for battery run time is: Run Time [Hours] = Battery Capacity [Amp Hours] ÷ Discharge Rate [Amps] 
 
6) If you're using your solar power lunchbox to run (or charge) devices when it's not exposed to bright sun, you're 
discharging the battery.  Using the capacity of your battery and the working current from one of your devices, calculate 
how long the battery will run your device (until the battery is dead).           
 
Run Time (device:________________________________) : __________ 
 
 
7) To keep your battery in good condition, you should never use more than 80% of it's capacity.  Using this information, 
how long can you run your device and keep the battery in good condition.         
 
Safe run time for device:__________ 
 
 
 
 
 
 
 
 

  


