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Overview

§ Three important elements of most technologies:
§ Performance (efficiency of conversion of solar energy to electricity)
§ Cost
§ Reliability

§ For solar, it’s a new era:
§ So successful that it’s difficult to sustain the growth rate (doubling of 

deployment rate every 2 years)
§ Change the way we think about solar:  critical to our daily lives



Efficiency of Solar Panels

More graphs: https://www.nrel.gov/pv/pvdpc/

• Many technologies have been explored
• To date > 95% of sales have used silicon technology
• Currently, the biggest R&D on solar efficiency focuses on 

combining perovskite cells with silicon
• Higher efficiencies will help the industry, but the industry 

can already be successful
• Today’s products can be 20% - 22% efficient, which is 

attractive when the fuel is free



Module cost dropped

https://www.nrel.gov/docs/fy24osti/88026.pdf

Solar panel prices dropped almost 
a factor of 10 from 2008 to 2012

Now:
• You can buy a solar panel for < a window of the same size!

Cost challenges are currently more related to 
system level costs (permitting, wiring, etc.) 



Practical implementation challenges
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• Solar panels often come with 25-year warranties
• Good that they last a long time
• But customers would like a payback time that is short
• Solar is now a low-risk investment for long-term investors
• Business models are key to success because of large upfront investment

• The Inflation Reduction Act (IRA) and a myriad of local incentive 
programs make investment attractive, but complicated



Solar – critical to our daily lives

Currently, >27% of electricity 
generated in California is from solar

As we rely more and more on solar 
electricity, we should think about it 
differently

US is 
5%

https://www.nrel.gov/docs/fy24osti/88026.pdf

https://www.eia.gov/electricity/data/browser/



Using solar electricity at night

California now has 7 GW of batteries (another success story!) 
These store electricity during the day; provide it back to the grid after sunset

(note that total load in California may be 25-30 GW on a typical day; 50 GW peak)

What if we put solar over our parking lots and charged our vehicles there?



How fast can solar grow?

U.S. 2022 Electricity generation
(EIA data)

U.S. Net expansions from 2021 to 2022
(EIA data)

What happened to fossil? 
Retirements of coal > new gas

For solar to grow faster, we should electrify!



Concluding thought

The beautiful thing about renewable energy: 
The more you use it the cheaper it gets, which paves a 

pathway to prosperity for the whole world



How fast can solar grow? – global numbers

10

Electricity in 2022
Solar was 4.5%

Net expansions in 2022
Solar was 56%


