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0. Real-world introduction, sun hours 
1. Get Light 

1.1. Assessing Irradiance 
1.2. Shade Hurts! 
1.3. Testing 

2. Reduce Use 
2.1. Energy Budget 
2.2. Deep sleep 
2.3. Go slow 

3. Put it Together 
3.1. Sizing solar and storage for an 

imaginary application



A REAL-WORLD EXAMPLE (JEFF’S HOUSE!)

18  335W  PANELS = 6030W PEAK



15.23 / 6 = 2.5
Think of this as meaning: “The total energy I got 
today is as if I got the full output of my system 
(6kW) for 2.5 hours”



15.23 / 6 = 2.5

AREA UNDER THIS CURVE??

2.5h

6k
W(psst: calculus integral)

(arithmetic!)

AREA OF THIS 
RECTANGLE

=
In other words…



8.27 / 6 = 1.4 8.27 / 6 = 7.215.23 / 6 = 2.5



Solar: 30kWh = 
5 sun-hours for 

6kW system

10kWh Application

30kWh Solar



GET LIGHT
THE SUN’S APPARENT 
POSITION CHANGES DAILY AND 
SEASONALLY. WEATHER 
HAPPENS. DEAL WITH IT.



image: solarsystem.nasa.gov

image:physicsforums.com

https://solarsystem.nasa.gov/resources/2295/whats-up-march-2019-skywatching-from-nasa/
https://www.physicsforums.com/threads/suns-path-in-the-sky-during-equinox-if-watching-from-equator.660867/


image: https://www.solarpathfinder.com/

https://www.solarpathfinder.com/


https://www.builditsolar.com/Experimental/PVShading/PVShading.htm

THIS 
PANEL’S 
POWER 
REDUCED 

39%

AVOID SHADING!

Solar panels typically consist of several cells in series. Like kinking a hose, 
shading one cell reduces the effectiveness of the entire series string.

https://www.builditsolar.com/Experimental/PVShading/PVShading.htm


Note unit is 
same as 
AM1.5 
Irradiance



https://nsrdb.nrel.gov/

NREL NATIONAL SOLAR RADIATION DATABASE 

https://nsrdb.nrel.gov/


https://pvwatts.nrel.gov/

NREL PVWATTS 

https://pvwatts.nrel.gov/




ITP ENERGY WORKBENCH

Test and measurement equipment 

Sun-simulating light for small-
medium solar projects

https://itp.nyu.edu/classes/itpower/2019/10/04/solar-cart-guide/
TONS of detail here:

https://itp.nyu.edu/classes/itpower/2019/10/04/solar-cart-guide/


A VCom

ADC

+

-

Short Circuit 
Current

A VCom

VDC

-

+ Open Circuit
Voltage

Hands on activity: Take some PV and a multimeter and record 
SCC and OCV under various conditions, including outside.



WATTS/M2 TOGGLE HI/LOW RANGE

Hands on activity: Use Irradiance Meter to test various light 
conditions



REDUCE USE
UNDERSTAND YOUR PROJECT’S 
ENERGY USE. USE AS LITTLE 
AS POSSIBLE TO DO YOUR JOB.



Energy-aware design

• Pick a platform and understand approximate energy 
requirements. Use this to…


• … measure the power used doing various tasks you need 
for your project (for example, reading a sensor, connecting 
to wifi and uploading data).  

• Create an energy budget based on time spent doing tasks 
and the power needed for those tasks. 

* These can apply to projects of any size…
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Read sensors

Deep sleep

Upload data



Other measurement options



Low-power design

• Consider a platform’s power options and clock speed.


• Research deep sleep options for your platform.


• Minimize hardware. Power down required peripherals 
when not in use.


• Reduce frequency of energy-intensive operations.


• Monitor available energy and adjust actions accordingly.





PUT IT TOGETHER
ARE YOU A PESSIMIST OR 
OPTIMIST?



SUN PV

STORAGE

CHARGE 
CONTROLLER APPLICATION

0-1000W/m2 η : 10-25% η : 75-90%

Variables: Weather! 
Typical/minimum/

maximum insolation or 
sun-hours at location. 

AM1.5 test conditions 
specify 1000W/m2

Variables: Type and quality 
of PV modules, installation 

specifics.

TYPICAL OFF-GRID SOLAR

Variables: CC design, 
battery chemistry and 

environment

Sources: 
Insolation based on AM1.5 standard 

PV efficiency based on various PV datasheets e.g.LG355N1C-V5 (20.7%)  
Round trip storage efficiency numbers vary greatly; summary of several sources from DOE available:  

https://www.energy.gov/sites/prod/files/2019/07/f65/Storage%20Cost%20and%20Performance 

https://www.energy.gov/sites/prod/files/2019/07/f65/Storage%20Cost%20and%20Performance


TYPICAL OFF-GRID SOLAR

1. Understand the application you are trying to power. Rough first pass: average 
power (W) * hours used per day = daily Wh. Look for ways to reduce required 
power.  

2. Determine required energy from storage using round-trip storage efficiency. Size 
total storage based on required energy, charge and discharge currents, acceptable 
depth of discharge, etc. 

3. Determine PV power requirements based on input energy required, daily insolation 
at site, and design requirements for charge time, bad weather tolerance, etc. 

RECIPE



SUN PV

STORAGE

CHARGE 
CONTROLLER APPLICATION

0-1000W/m2 η : 10-25% η : 75-90%

TYPICAL OFF-GRID SOLAR

100Wh120Wh 
140Wh 

20W @ 6hr  
70W @ 2hr

~125Wh at 80% D.o.D.  
~280Wh at 50% D.o.D. 

Assumption: we use what we get per day

Riskier Design  
Conservative Design


