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•Why is solar important?

•What exactly is photovoltaic (PV) solar?

•How does PV work?

•Preview: How can I plan a small/medium/large 

solar project? 

TODAY:



WHY SOLAR?



GLOBAL TRANSFORMATION
Energy directly from the sun, powering a 

happening right now



Source: http://www.energyandcapital.com/
Inset: Big Allis, first 1GW generator, in Queens.
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https://www.bloomberg.com/news/articles/2020-09-01/the-world-added-more-solar-wind-than-anything-else-last-year

~1GW TOTAL GLOBAL INSTALLED SOLAR IN 2000

~1GW OF NEW SOLAR INSTALLED EVERY 3 DAYS IN 2019
“Solar additions totaled 119 gigawatts globally in 2019” - Bloomberg Green

~1GW OF NEW SOLAR PROJECTED EVERY 1.8 DAYS IN 2022
Solar additions projected to exceed 200GW in 2022*

SHOULD EXCEED 1TW SOON

*Reports list 220 - 260GW for 2022

*1TW global capacity achieved in April 2022

https://www.solarpowereurope.org/insights/market-outlooks/global-market-outlook-for-solar-power-2022
https://www.pv-magazine.com/2022/12/23/global-solar-capacity-additions-hit-268-gw-in-2022-says-bnef/



“THE FIRST 
TERAWATT OF 
SOLAR TOOK  

70 YEARS. 
THE NEXT WILL 

TAKE 3.”

- Pierre Verlinden, solar 
pioneer and former chief 
scientist at Trina Solar

https://www.pv-magazine.com/

https://www.pv-magazine.com/


*

*for more on Rejected Energy, see http://aceee.org/sites/default/files/publications/researchreports/e13f.pdf
**for more on comparing energy quantities, see http://vaclavsmil.com/ and https://www.withouthotair.com/ 

Energy directly from the sun

http://aceee.org/sites/default/files/publications/researchreports/e13f.pdf
http://vaclavsmil.com/
https://www.withouthotair.com/
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Spirit & Opportunity: 
140W peak PV output

110W constant 
electrical output + heat

Source: https://mars.nasa.gov/

Sojourner:
16W peak PV output

 

Ingenuity copter: PV power never mentioned 
directly. Battery is 35Wh, with 10Wh for flight. 

Solar: 680cm2 of IMM-α  Inverted Metamorphic 
Space Solar Cell from SolAero

Curiosity & Perseverance

Multi-Mission Radioisotope 
Thermoelectric Generator

https://rotorcraft.arc.nasa.gov/Publications/files/Balaram_AIAA2018_0023.pdf
https://solaerotech.com/space-solar-cells-cics/

https://mars.nasa.gov/
https://www.avinc.com/about/mars-helicopter
https://rotorcraft.arc.nasa.gov/Publications/files/Balaram_AIAA2018_0023.pdf
https://solaerotech.com/space-solar-cells-cics/


Sun: 4.2 billion kg of H -> Energy / second
so 3.85 x 1026 Watts (385 yottawatts!)

Solar constant in space at Earth locale: 
1368 W/m2

Global solar power:
87 PW (~7000x fossil fuel use)

 

source: Smil
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number!



Sun: 4.2 billion kg of H -> Energy / second
so 3.85 x 1026 Watts (385 yottawatts!)

Solar constant in space at Earth locale: 
1368 W/m2

Global solar power:
87 PW (~7000x fossil fuel use)

 

source: Smil

IMMENSE 
POTENTIAL 
BUT…

Remember this 
number!

WHY NOT SOLAR?



Sun: 4.2 billion kg of H -> Energy / second
so 3.85 x 1026 Watts (385 yottawatts!)

Solar constant in space at Earth locale: 
1368 W/m2

Global solar power:
87 PW (~7000x fossil fuel use)

Distributed over Earth’s sphere: 
342 W/m2

Average insolation (after reflection and absorption): 
170 W/m2

Intermittent, weather dependent
source: Smil

DIFFUSE AND 
INTERMITTENT

IMMENSE 
POTENTIAL 
BUT…



Manoj B
hargava

2015

https://web.archive.org/web/20161116093435/http://billionsinchange.com:80/solutions/free-electric

GLOBAL TRANSFORMATION

BUT REALLY… SOLAR



2018

https://billionsinchange.com/solutions/energy/

GLOBAL TRANSFORMATION

BUT REALLY… SOLAR



WHAT IS SOLAR?



The “solar” we’re interested in is 

Photovoltaic Solar aka PV



wikimedia

(Not “Concentrating Solar Power”, “Solar Thermal”, etc…)



(Not “Concentrating Solar Power”, “Solar Thermal”, etc…)
wikimedia



(Not indirect solar lighting, heliostats, etc…)
Parans



The “solar” we’re interested in is 

Photovoltaic Solar aka PV

electricity directly from light

https://www.nobelprize.org/prizes/physics/1921/einstein/facts/

“…for his services to Theoretical Physics, 
and especially for his discovery of the law 
of the photoelectric effect." 
1921 Nobel Prize in Physics



PV works everywhere! 
Enabling technology for telecom 
and space exploration

MER originally planned for 
~90 sols, have operated for 
over 2000.
140W GaAs/Ge cells

Overview



Terrestrial applications

Overview



Fishermen in Kenya attracting shrimp w/ solar-
charged lights (photo:Siemens)

Overview



Small and large commercial applications
Overview

THE SA
ME STU

FF!!!



HOW DOES SOLAR 
WORK?



Photovoltaic materials directly 
convert light into electricity.

Most semiconductors 
(including LEDs) do this 
to some extent. 

Source: http://www.imagesco.com/

All PV is similar in that: 

Basics



Source: http://www.techbites.com/ Basics

A junction of P- and N-type materials forms a diode
optimized to separate charge carriers when 
exposed to light 

http://www.techbites.com


Source: Union of Concerned Scientists Basics



Cell:
Single piece of PV material. 

Voltage dependent on 
semiconductor type

Current dependent on surface 
area. 

Basics

Cell

Module: group of 
cells

Array: group of 
modules



Module:
Multiple cells arranged in series 
and parallel groups to achieve 
desired voltage and current.

Basics

Cell

Module: group of 
cells

Array: group of 
modules



Array:
Multiple modules arranged in 
series and parallel groups to 
achieve desired voltage and 
current.

Basics

Cell

Module: group of 
cells

Array: group of 
modules



Basics

(Cell or module)



Basics

Metrics we care about are:
Rated performance 
- “Watts-peak” under standardized conditions (AM1.5 1000W/m2)

Open Circuit (OC) Voltage
- voltage measured with no load

Short Circuit (SC) Current
- current through short circuit

And of course, cost:
Cost / Watt



Basics

“Nameplate 
capacity”

=
80W



DIFFERENCES



Different types of PV are distinguished by:
- Form of material (e.g. crystalline or thin film)

- Type of material (Si vs. CIGS vs...)

- Number of layers (“junctions”)

Different types will have varying efficiencies under different 
conditions, and widely-ranging associated costs. 

Differences



Mono-crystalline Si ingot and cell

Circa 300 um thick 
Si layer

Differences



Polycrystalline Si 
ingot and cell

Circa 300 um thick 
Si layer

Differences



Amorphous or thin film PV

Circa 30 um thick 
Si layer

Differences



Source: DOE NREL Differences



DifferencesSource: https://pvpmc.sandia.gov/modeling-steps/2-dc-module-iv/effective-irradiance/spectral-response/

Spectral Response
(Mono) Crystalline Si
Multi-crystalline Si
Cadmium Telluride (thin)
Copper-Indium-Gallium (thin)
Dye-Sensitized
Organic
Gallium Arsenide

https://pvpmc.sandia.gov/modeling-steps/2-dc-module-iv/effective-irradiance/spectral-response/


source: http://energy.mit.edu/news/transparent-solar-cells/ Differences

http://energy.mit.edu/news/transparent-solar-cells/


Source: Cleanenergy Differences



https://www.grandviewresearch.com/ Differences

https://www.grandviewresearch.com/
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Solar constant at Earth orbit:

1367 W/m2

AM1.5
: 1
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Remember: 

Watt is SI unit of 

power


1W = 1J/s


1W (electric) = 1V 
* 1A

DC electricity 
Voltage depends on 
number of cells in 
series. 
Current 
proportional to area 
and light intensity



Reality check
Random solar panel from 

www.solar-electric.com 


AXITEC AC-290M/156-60S


290 Watts

 17.83% efficiency


290/.178 = 1630W sunlight


So should be about 

1.63m2 for AM1.5


Dimensions: 

64.57" x 39.06”

1.64m x .99m


1.62m2


http://www.solar-electric.com


These are deceptively amazing at 
normalizing vastly different light 

environments



Solar constant at Earth orbit:

1367 W/m2

AM1.5: 1000 W/m2

Typ
ica

l in
doo

r li
ghti

ng
:


1-2
 W

/m
2

Average solar radiation for a location on the 
northern hemisphere with a latitude angle of 

47° - 55°.


sunny, clear sky 

summer: 600 - 1000 W/m²


winter: 300 - 500 W/m²


sunny, scattered clouds or partly cloudy
summer: 300 - 600 W/m²

winter: 150 - 300 W/m²


cloudy, fog
summer: 100 - 300 W/m²


winter: 50 - 150 W/m²
http://www.renewable-energy-concepts.com/

solarenergy/solar-basics/insolation-weather.html

MOVA Globes are wild!

https://www.youtube.com/watch?v=OypJajrHsIg


Differences

For later:
Local solar potential
Balance of system
Tracking methods
Concentrating systems
Solar lighting
Solar thermal

also:
Kardashev scale
Space based solar power
Dyson swarms



For now:
Preview: Planning a solar powered project
Different sizes of solar (1/10/100W)

Planning



Size: Very Small

BEAM circuits. <1W PVs charge capacitors, discharged 
through resistive loads by voltage monitor ICs. Can be 
extended to power microcontrollers and other circuits. 

Solarbotics Planning

<1W



B.E.A.M.

“Trimet Solar Engine” type
Feddersen



<1W

Mohit Bhoite: https://www.bhoite.com/

https://www.bhoite.com/


Super simple

Solar + microcontroller 
Optional: Capacitor; manual reset (not shown - button) or  

voltage trigger reset eg TC54

<1W



<1W

ATTINYOptional
TC54 3V 
monitor

kinda works

Feddersen



Very low power, no 
wireless

Solar + charge 
controller + lipo + Pro 

Mini.  
Deep sleep, uc 

controlls power to 
sensor and EEPROM. 

Data retrieved 
manually via serial.

<1W



Size: Small to Medium
Can you directly power what you want? See SolaSystem amplifier 
from class notes.

If not, and you need to store energy, use consumer small-scale 
charge controllers and batteries sized to your energy and power 
budget. Farad-class ultra capacitors are also an option. Consider 
direct DC-DC converters for loads. See ITP portable solar kits or 
Solio chargers for examples. 

Planning

1-10W





Good resources: Adafruit

https://learn.adafruit.com/usb-dc-and-solar-lipoly-charger

1-10W

https://learn.adafruit.com/usb-dc-and-solar-lipoly-charger


1-10W

3W panel,  
DC-DC 5V USB output  

powering USB load directly

ESP32 Feather 
+ peripherals, 

battery optional

(Built-in DC-DC 5V USB on back)

Feddersen



Off-the-
shelf

USB Solar panel + USB battery 
ESP8266, deep sleep 

I2C sensor 
Data via MQTT to io.adafruit.com 

Manual voltage monitoring with push buttons

1-10W

http://io.adafruit.com


Very low power, no 
wireless

Solar + charge 
controller + lipo + Pro 

Mini.  
Deep sleep, uc 

controlls power to 
sensor and EEPROM. 

Data retrieved 
manually via serial.

<1W<2W2023 Kit

You get:
2W Solar Panel
Charge controller
Barrel adapter
DC-DC step-up 5V converter

You provide:
Battery (note polarity)
Load



Good resources: Voltaic


http://www.voltaicsystems.com/blog/
1-10W

10-100W

http://www.voltaicsystems.com/blog/


Size: Medium

Voltaic. Brooklyn-based portable solar equipment 
provider. One of the few sources for Li-based solar 
components. Excellent blog with DIY resources and 
tutorials focusing on adding solar to Arduino, Raspberry 
Pi, etc. 

Planning

1-10W
10-100W



Size: Medium to large

Use commercial grade modules, battery chargers and 
batteries. Mature products exist for off-grid markets. 
Use inverter as de facto common interface for AC loads.

Planning

>50W

Feddersen



>50W



Patrick Marold, “Solar Drones”, 2016 
https://patrickmarold.com/solar-drones-national-music-centre

Alternate pathway: no-logic system, 
activity follows available light

https://patrickmarold.com/solar-drones-national-music-centre

