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What You Already Knew

 Solar Photovoltaics (PVs) convert sunlight to 
electricity with no moving parts, no noise, no 
pollution, and operate without attention for 
decades.

 PVs have been used for more than 50 years in 
niche applications like powering satellites and 
remote ranches. 

 They have long been an ideal technology, that 
was just too expensive to deploy on a large scale.



What You’re About To Learn
 Just recently, PVs have become so cheap that 

they’re successfully competing with nuclear and 
fossil fuel generated electricity, in both retail and 
wholesale markets, around the world.

 As PVs have gotten cheaper, they’ve been 
installed at an ever faster pace, which has created 
economies of scale and lower prices, and so on 
in a “virtuous cycle”.

 PVs are no longer a niche player. They’re 
cleaning up the grid on a global scale. Today!
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What You’re About To Learn (2)
 Utility companies don’t like “rooftop solar” and 

are fighting net metering across the country.

 Utility companies are installing huge fields of 
PVs to meet Renewable Portfolio Standard 
(RPS) requirements. This is also being done in 
other countries, on a grand scale, with and 
without subsidies.

 The 30% tax credit for solar will be phased out 
2020-22. But with prices falling >10% per year, 
that won’t stop solar’s advance.



Appreciating Solar Energy



SOLAR ENERGY GROWTH



PV is Growing Fast

Source: Renewables 2016 Global Status Report (REN21)

2016 +70 GW
Total 295 GW

For Comparison, the US has 1,064 GW of  capacity, the World has 6-7,000 GW



Wind is Also Growing

Source: Renewables 2016 Global Status Report (REN21)

2016: +54 GW
Total: 487 GW 



PV Now Growing Faster than Wind

Year

RE Tech

2014 2015 2016

Wind 52 63 54

Solar PV 40 50 70

GW of  Capacity Installed

For Comparison, the US has 1,064 GW of  capacity, the Point Beach nuclear plant is 1 GW



What “Revolution”?

Source: Renewables 2016 Global Status Report (REN21) Solar + Wind = 5%



What Matters is New Additions

Ecowatch.com, 6 Reasons Why Trump Will Never Stop the Renewable Energy Revolution, 1-Apr-17



U.S. Grid Getting Greener for Years 

Source: US Energy Information Administration, Electric Generators Report



Global Grid is Getting Greener
Since 2012, 
the world has 
brought more 
power online 
from renewables 
than fossil fuels 
each year –
and that trend 
continued 
in 2016.

Why?



GreenTechMedia: Wind and Solar Are Our Cheapest Electricity Generation Sources. 
Now What Do We Do?, 26-Jan-2017



GreenTechMedia: Wind and Solar Are Our Cheapest Electricity Generation Sources. 
Now What Do We Do?, 26-Jan-2017



China is Way Ahead

Source: Renewables 2016 Global Status Report (REN21), 

2016: 
China +34 GW
U.S. +14 GW
Japan +9 GW
EU +7 GW
India +5 GW



China and the World

 Population: 18.5% of world

 GDP: 17% (PPP) or 15% (exchange rate)

 Solar PV installed: >25%

 Solar PV manufacturing: 70%

 >50% of global wind capacity 

 >50% of global EV sales

 Why? The Worst Air Pollution in the World!



China - Particulate Pollution



The Toll of Air Pollution in China

 “Air pollution is killing an average of 4,000 
people a day in China”

 “Deaths related to the main pollutant, tiny 
particles known as PM2.5s that can trigger heart 
attacks, strokes, lung cancer and asthma, total 
1.6 million a year, or 17 percent of China’s 
mortality level”

 “…most of the pollution comes from 
burning coal.”

Source: Bloomberg.com, China Air Pollution Kills 4,000 People a Day



India Wants Solar!

India’s Prime Minister Narendra Modi wants to see:
100 GW of  solar installed in the next five years. 

Source: BBC World News



FINANCIAL ANALYSIS



Time for Updated Information
“The belief that a renewable-
energy economy will not 
happen without greater 
government support… 
is wrong.” pg. 16

“The largest remaining obstacle 
to… solar energy is the lack of 
reliable and current information 
about its true economic 
characteristics” pg. 90

© 2006



Solar Economics
4 Key Quantities, 2 Key Concepts

1. Rated Power (peak) – Watts (kW, MW, GW)

2. Annual Energy Produced – Watt-hours (kWh, 
MWh, GWh, TWh). It’s not rated x 8760 hrs/yr.

3. System Cost per Watt ($/Wp)

4. Levelized Cost of Energy (LCOE) ($/MWh)

A. Grid Parity

B. Cash Flow (for a PV system)



Grid Parity

 “Grid parity occurs when an alternative energy 
source can generate power at a levelized cost 
of electricity (LCOE) that is less than or equal 
to the price of purchasing power from the 
electricity grid… the exact definition of "grid 
parity" varies not only from location to 
location, but customer to customer and even 
hour to hour.”

Source: Wikipedia 



Cash Flow

 If you borrowed the money to pay for a solar 
PV system, would the savings on your utility bill 
each year be more or less than the payments on 
the loan?

 If so, at what interest rate, and over how 
many years?

 PV modules usually have output guarantees of 
80% of rated output for 25 years.



Analysts Say “Grid Parity is Here”
 “In the US, for instance, we believe [rooftop] 

solar is currently competitive in more than 14 
states without any additional state subsidies. Solar 
LCOE in these states ranges between 10-
15c/kWh and compares to retail electricity price 
of 12-38c/kWh.”

 By 2016, using our cost estimates, nearly 47 states 
would be at grid parity in the US, in our view.

 Similarly in Japan, solar LCOE of ~$0.14/kWh 
compares to retail electricity price of ~$0.26/kWh

Source: Crossing the Chasm, Deutsche Bank, Feb-2015



Another 2015 Study

“According to a recent Energy Department-
backed study at North Carolina State University, 
installing a fully financed, average-size rooftop 
solar system will reduce energy costs for 93% of 
the single-family households in the 50 largest 
American cities today.” [Financing at 5%]

Going Solar in America: Ranking Solar’s Value to Consumers in 
America’s Largest Cities, North Caroline Clean Energy Technology 

Center, NC State University, Jun-2015



Five PV Cost-Effectiveness Factors

1. Price of grid energy ($/kWh)
2. Solar Insolation (average sunlight, in kWh/m2/day)
3. PV system cost (not just the modules), after tax credits 

and incentive rebates, in $/Wp

4. System Lifetime (years)
5. Financing costs (%)

Even if the money isn’t borrowed, money spent on a 
PV system could have been invested to generate a 
return (e.g. interest).

From these 5 numbers, the cost per kWh (LCOE) can be calculated. 
But only the first two vary much by geography (within the US)



Solar Penetration

US solar penetration is only 1.5%, but California is 
10 times higher.

Source: Solarleaderboard.com



Source: solarleaderboard.com

Resi PV Penetration is Concentrated



Grid Parity by Location

Source: Solar Revolution (book) by Travis Bradford, © 2006



How Much Does a Residential 
PV System Cost (U.S.)?

“Based on our bottom-up modeling, the Q1 
2016 PV cost benchmarks are $2.93 per watt 
DC (Wdc) for residential systems…”



Cash Flow Analysis
Will Solar Save You Money?

 Suppose you borrow money to install a PV 
system. This reduces your utility bills.

 Do your utility bills drop by more, or less, than 
the payment you must make on the loan?

 This will depend on how sunny your location is, 
how high your utility rates are (cents/kWh), and 
how high an interest rate you must pay (or want 
to receive, if you fund it yourself).



Cash-Flow Assumptions

 Residential 5 kW system (most common size).

 System cost = $2.93/W = $14,650

 All output is net metered; valued at average 
residential electric rate for that State

 No shading

 No increase in property taxes

 Output computed by PVWatts:
http://pvwatts.nrel.gov/pvwatts.php



Financing & Tax Credits

 Current rates (Wall Street Journal)
 15-year mortgage 3.1%

 30-year mortgage 3.9%

 HELOC ($30K) 5.0%

 A 30-year loan modeled @ 3%, 4%, and 5%

 A 15-year loan modeled @ 3%, 4%, and 5%

 Federal Income Tax credit:
 30% until the end of 2019

 Reduced to 10% after 2022



The Cost of a Loan

Plus, you may be able to take the interest expense as a tax deduction.

If  you can save $700 /year, you’re ahead!

Principle
Term

(Years)
Interest 

Rate
Annual 

Payment

Cost of the system: 14,650$   
10,255$   30 3% 518.83$     
10,255$   30 4% 587.51$     
10,255$   30 5% 660.61$     
10,255$   15 3% 849.83$     
10,255$   15 4% 910.26$     
10,255$   15 5% 973.15$     

Cost After the 30% 
tax credit



Annual Value of 5 KW PV System  
(Honolulu, HI)

32% of  Oahu Homes have PV (Feb-16) 



Annual Value of 5 KW PV System
(Bakersfield, CA)



Annual Value of 5 KW PV System
(Boston, MA)



Annual Value of 5 KW PV System
(Buckeye, AZ)



Annual Value of 5 KW PV System
(Green Bay, WI)

Least Sunny



Annual Value of 5 KW PV System
(Miami, FL)



Annual Value of 5 KW PV System
(Lansing, MI)



Cash Flow of a 5 KW PV System

This does not consider State incentive programs, or future 
rate increases by the utility. Both work in favor of  solar!

Term
(Yrs)

Int 
Rate

Annual
Payment

30 3% 519$      
30 4% 588$      
30 5% 661$      
15 3% 850$      
15 4% 910$      
15 5% 973$      

Location

Electric 
rate

(cents/kWh
)

AC 
Output

(kWh/yr)

Value of 
Output
($/year)

Return on 
Investment 

(w/30% 
credit)

Honolulu, HI 35 7941 $2,788 27%
Bakersfield, 
CA 16 8032 $1,253 12%

Boston, MA 15 6841 $1,021 10%

Buckeye, AZ 11 8788 $991 10%

Boulder, CO 11 7943 $878 9%

Green Bay, WI 13 6647 $850 8%

Lansing, MI 13 6360 $815 8%

Miami, FL 10 7331 $760 7%

Seattle, WA 8 5571 $432 4%



UTILITY IMPACT
AND REACTION



Coal Power Plants Are Closing

Source: National Public Radio, “Optimistic About Climate Change”, Al Gore, 6-May-16



Solar Has Shifted Wholesale Prices

Source: Energy Institute at Haas, Missing Money, 3-Apr-2017



The “Duck Curve”
“Ripe tomatoes are 
cheap in August”

RTO Insider: Solar is Generation of  Choice in California, 16-Mar-2016

“Duck curve” 
graph illustrates 
CAISO’s yearly 
forecasts for net 
load – which is 
total system load 
minus output from 
solar resources. 
The ISO hit the 
2020 forecast in 
April, increasing 
the likelihood of  
oversupply that 
will require 
curtailments.CAISO = CAlifornia Independent System Operators” 



PV + Batteries on Kauai, HI

 “The project… will combine 28 megawatts of 
solar photovoltaic capacity with 20 megawatts of 
five-hour duration batteries.”

 “… power purchase agreement to sell power at 
11 cents per kilowatt-hour in 2018.”

 “Once completed, the facility will generate 11 
percent of the island's electricity…” 

Source: greentechmedia.com, AES’ New Kauai Solar-Storage ‘Peaker’ Shows How Fast Battery 
Costs Are Falling, 16-Jan-2017



The Utility Backlash

Source: http://www.hdwallpapers.in/star_wars_the_force_awakens_stormtroopers-
wallpapers.html



Utilities Were Scared by Solar

“NRG Energy CEO David Crane told the 
magazine that microgrids, small wind and solar, 
and net metering constitute ‘a mortal threat to 
the existing utility system.’”

Edison Electric Institute is “Warning of 
‘irreparable damages to revenues and growth 
prospects’ of the utilities.”

Distributed Generation Poses 
Existential Threat To Utilities

Forbes, Aug-2013



EEI “Disruptive Challenges” Jan-2013

“Such technologies include solar photovoltaics (PV), 
battery storage…As the cost curve for these technologies 
improves, they could directly threaten the centralized 
utility model.”
“Any recovery paradigms that force cost of  service to be 
spread over fewer units of  sales (i.e. kilowatt-hours or 
kWh) enhance the ongoing competitive threat of  
disruptive alternatives.” pg. 3

California & Arizona considered higher solar fees in 2013

“The Edison Electric Institute (EEI) is the association that represents all U.S. investor-owned
electric companies. Source: www.eei.org



Utility Calculations

“According to Think Equity, a boutique investment 
bank, as the installed cost of  PV declines from $5/watt 
to $3.5/watt (a 30-percent decline), the targeted 
addressable market increases by 500 percent, including 
18 states and 20 million homes, and customer demand 
for PV increases by 14 times.” 

EEI “Disruptive Challenges”, Jan-2013, pg. 5

“In fact, according to GTM Research, in the third 
quarter of  2014, residential rooftop solar had an 
average cost of  $3.60/watt” 

EEI “Powering Possibilities”, Feb-2015, pg. 5



EEI “Powering Possibilities” 
Feb-2015

“Current state net energy metering policies 
that compensate at the retail price for 
electricity sales to the utility are outdated and 
need to be updated …as long as we are 
connected to the grid, we still use it and we all 
should continue to pay for it.” Pg. 5-6



Opinion Page Lobbying
“But more problematic are 
hidden rate subsidies, the most 
significant of which is called net 
metering, which is available in 
44 states. Net metering allows 
solar-system owners to offset 
on a one-for-one basis the 
energy they receive from the 
electric grid with the solar 
power they generate on their 
roof. While this might sound 
logical, it isn’t.”

Mr. Potts, a utility lawyer, is a partner and 
member of  the Energy Industry Team at the 
international law firm Foley & Lardner LLP.

The Hole in the Rooftop 
Solar-Panel Craze

WSJ: 17-May-2015



States Gut Net Metering

 HI: 2015 – solar customers get paid ½ the 
retail rate for electricity they feed to the grid. 
 Sep-2016, solar customers forced to ToD rates, 

with low rates mid-day. Sales dropped 37%!

 NV (Dec-2015): Fixed charges tripled. Solar 
customers pay 11 cents/kWh, but get only 
2.6. Initially applied retroactively to 
existing systems! Since revoked.



ToD Rates in HI

Source: Renewable Energy World, Time-of-Use Means It’s Time for Storage, 23-Jan-17



Even Calif. Ended Net Metering

 CA (Jan-2016): NEM 2.0 solar cust forced to 
ToU rates, and still pay 2-3 cents “non-
bypassable charges” for power they purchase 
from the utility. 

 AZ (Dec-2016): solar cust paid avg. of solar 
PPA rates (wholesale, ~ 5 cents/kWh), for 
only 10 years



Home Scale PV in Decline

 Residential PV installs dropped 17% in 1Q17
“…the U.S. residential market is in trouble, and this 
doesn’t look likely to change any time soon… Despite this, 
the future looks bright for the utility-scale segment. ”

PV Magazine, California market troubles bring down U.S. residential 
numbers during Q1, 8-Jun-17

 Bloomberg New Energy Finance predicts that they 
will decline in 2017, for the first time in 16 years. 
That follows gains of about 20 percent last year and 
almost 48 percent in 2015.



Net Metering in Michigan

 In Dec-2016, MI passed Public Act 342, which 
will end net metering. 
“Within 1 year … the commission [MPSC] shall conduct a study 
on an appropriate tariff reflecting equitable cost of service for 
utility revenue requirements for customers who participate in a 
net metering program or distributed generation program…In 
any rate case filed after June 1, 2018, the commission shall 
approve such a tariff”

 Existing (2,500) net metering customers will be 
grandfathered for 10 years.



Net Metering in Michigan (2)

 Utilities proposed a “buy-all, sell-all” 
arrangement. DG customers would buy all their 
power at retail rates (15.4 ¢/kWh), and sell all 
their production at wholesale rates (~3 ¢/kWh). 
The MPSC disagreed, saying power produced 
and consumed on-site should not be bought or 
sold. It’s unclear over what time period 
production and comsumption will be netted 
against each other (hourly vs. daily).



PURPA in MI

 1978 PURPA requires utilities to buy green 
power from facilities up to 2 MW at “avoided 
cost”, which is set in each state by the PSC.

 MI PURPA contracts are now expiring, and the 
MPSC is re-evaluating “avoided cost”

 MPSC staff recommendation for solar is 
8.4¢/kWh and a flat $50/month fee.

 Surely the DG tariff will be at least this high?



UTILITY SCALE PV



Utility Installs Leapt!

SEIA: Solar Industry Data, Solar Industry Growing at a Record Pace 



What Utility PV Looks like

A 50 MW, 
200 acre PV 
system, half 
completed 
near Lapeer, 
MI. Owned 
by DTE.

Source: Inovateus.com



Wholesale Power Prices in US

Average 2016 Wholesale = 3.0 cents/kWh 
Average 2016 Retail sales price = 10.0 cents/kWh
Average 2016 Residential price = 12.9 cents/kWh



Wholesale RE is Cheapest Power
 The costs of solar and wind power have been falling 

steadily and sharply for years. They are widely expected 
to become the cheapest way to generate power in the 
US and most of the rest of the world by 2020, as 
reported by Bloomberg, Fortune and U.S. News & 
World Report.

 This year we have seen record-low PPAs for wind and 
solar projects, such as Austin Energy’s recent utility-
scale solar procurement at less than 4 cents per 
kilowatt-hour and the best wind PPAs clocking in at 
2.50 cents per kWh. 

Source: Congress extends the renewable investment tax credit: What now, greenbiz.com, Dec-2015



US PV PPA Trends Down

Source: The Price of  Solar Is Declining to Unprecedented Lows, Scientific American, 27-Aug-2016



US 2015 Capacity Additions



US 2016 Capacity Additions

“Most of  these additions come from three resources…which 
together make up 93% of  total additions.”



Cheapest Solar Ever!

 Unsubsidized bids for a 
new, 200 MW PV system 
in Dubai came in for:

3.00 U.S. cents/kWh
“This not only marks the lowest 
cost ever for solar power, but 
also easily beats all available 
fossil-fuel options in Dubai 
on cost.”

This is with no subsidies!

Source: Apricum-group GmbH, May-2016

“Just a few years ago, nobody 
would have imagined that solar 
power would be able to beat all 
fossil fuel sources including coal 
already in 2016.”



Until April, 2017

120 MW system in Chile, 
bid at 2.91 cents/kWh.

“Solar power delivers 
cheapest unsubsidised
electricity ever, anywhere, 
by any technology,”

BNEF Chair Michael 
Liebreich

Solar delivers cheapest electricity ‘ever, 
anywhere, by any technology’, ThinkProgress



Lowest Cost Solar PPAs

Source: Solarplaza.com, 17-Jan-2017

AZ

TX

CA

NV



US Utility PV Now at 3 c/kWh

“The Arizona 
utility [Tucan
Electric Power] 
has signed a 20-
year contract to 
buy electricity 
from a 100 MW 
plant at this new 
record low 
price.”

PV Magazine: TEP to buy solar power at under 3 cents per kWh, 23-Mar-2017



Utility-Scale Solar Below $1/Watt

Recall that home systems 
cost ~$3/Watt. The 
economies of scale allow 
utility-scale systems at  to 
be built at one third of 
that price, resulting in 
these low PPA prices!

Utility systems that track 
the sun (single-axis) are 
only $1.08/Watt

PV-Magazine-USA: Utility-scale solar falls below $1 per watt (w/charts), 12-Jun-2017 



Growth’s Impact on Pricing

Every time PV sales double, module prices fall 20-24%. 
The decline in price drives more sales.



Globally, RE is Doubling Fast

Source: Bloomberg News, “Wind and Solar are Crushing Fossil Fuels, 16-Apr-16

128x 16x



What Those “Doubles” Mean
(Theoretically)

 With wind at 3.7% of global power, 4 more 
doubles (16x) would mean wind power could 
provide ~60% of our electricity in 15 years.

 With solar at 1.2% of global power, 7 more 
doubles (128x) would mean ~150% of our 
current electricity consumption could come 
from solar in 15 years. (Since total power 
consumed will continue to grow, that’s possible)

 We could be 100% solar and wind in 15 years!



SUMMARY 
&

CONCLUSIONS



Summary

 Solar is growing fast, and getting dramatically 
cheaper. At ~$3/W, in states that still have net 
metering, it’s a good investment.

 While many utility companies are fighting 
“rooftop solar”, they’re installing fields of PVs 
themselves. At $1/W, utility-scale solar is 
competitive with wholesale electricity from 
power plants.

 Solar power is already the cheapest electricity in 
many places, and it continues to get cheaper.



Conclusions

 Solar and wind provided 5% of the world’s 
electricity last year. If current trends continued, 
that figure would approach 100% in less 
than 15 years. Reality will likely be slower.

 In the end, the atmosphere won’t care if solar is 
owned by the people on our rooftops, or by 
corporations in giant fields. Either way it’s clean.



Questions?
John Richter

Co-founder ISEE
GLREA Speaker’s Bureau
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energyprophet@comcast.net



DONE



Utilities 
Rates 
Going 

Up

Utilities’ Profit Recipe: Spend More,
WSJ 20-Apr-2015

In MI in 2016:
Consumer’s 
Energy res-
rate up 4.4%
DTE’s res-rate 
up 11.3% ! 



Net Metering In MI

 The Clean and Renewable Energy and Energy 
Waste Reduction Act, which Gov. Rick Snyder 
signed into law on Dec. 21 directs the MI PUC 
to “establish a nondiscriminatory, fair, and 
equitable grid charge to apply to customers who 
participated in a net metering or distributed 
generation program after the bill’s effective 
date.”



Michigan May End Net-Metering

 Michigan Senate Bill 
SB 438 would end net 
metering in Michigan.

 Customers would buy at 
retail rates, but sell at 
wholesale rates 
(~ 14¢ vs. 4¢) 

 1,840 Michigan customers 
use net metering

 Opposed by TUSK (Tell Utilities 
Solar won’t be Killed)

 Supported by Detroit Regional 
Chamber of Commerce; Utility 
Companies said nothing

Midwestenergynews, “‘David vs. Goliath’: 
Advocates speak out against proposed 
solar policy in Michigan” 19-Aug-2015



This Website Agrees

http://sunmetrix.com/sunmetrix-grid-parity-map-for-residential-solar-energy-in-the-united-states/




