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Suppose I were to say ...

m Instead of paying 24¢/kWh for electricity,

m You could get it for 6¢/kWh for a 20 year lifetime,

m With a financial commitment of only 7 years?

m And that all this cost was cost of money ...

m With no recurring costs of generation or distribution for

energY? (A very small amount of charge for “tranmission”: $6 per month in our case)
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Suppose I were to say ...

Interested?
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Suppose I were to say ...

®m But wait, there’s more!
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Suppose I were to say ...

m Suppose you could make money on the deal?

m For “40 quarters of generation” ...

B per DOER Renewable Energy Portfolio Standard (225 CMR 14.00) FAQ 29 July 2014
m Too good to be true?

m What's the catch?

Long term trends in solar and wind enerey (J. Galkowski) 5" November 2016 (FINAL rev 4™ November 2016 ) 4/42


http://www.mass.gov/eea/docs/doer/rps/srec-ii-faq.pdf

Suppose [ were to say ...
m Example for a 20 year lifetime of 10 kW 29 panel array ...
m 16¢/kWh cost-of-money for 7 years ...
® ...and then 0¢/kWh cost-of-money for 13 years ...

u So 7.$o.16+(§8—7)~$0~00 = $0.056

m $56,220 avoided cost of energy over 20 years floan paid n 7 years

m $31,440 in SREC II 2016 earnings @ $250/MWh for
eligible 10 years dowban
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Suppose I were to say ...

Welcome to the energy revolution!
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Remember, Solar PV is a technology,
not an energy resource.

— Professor Tony Seba, stanford University
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http://www.tonyseba.com

Ball in a Depression at the Top of a Hill
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Ball in a Depression at the Top of a Hill

Nudge, nudge ...
—

. technology

. need

. superior value
. investment opp
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Ball in a Depression at the Top of a Hill
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Experience Curves (or “Learning Curves”)

WIND AND SOLAR EXPERIENCE CURVES

SOLAR PV MODULE CO:

SOLAR COSTS HAVE
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90% since 2009
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Solar Improves Even Without Additional Research Investment

147GW .
“Spend more, “Spend the same, Installations

get more” +635%

$318bn Investment
$297bn +431%
E20E 5272bn
5207bn

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

get more”
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Wind and Solar Energy Technology are different ...

m “But what if the Sun doesn’t shine and the wind doesn’t blow?”
m There’s always a third component to consider: demand

m While it doesn’t strictly correspond, wind and solar generation
line up with peak demands diurnally

m Managing wind and solar means covering that discrepancy

m Conventional energy solutions ignore demand during design,
and are built to be always available, at huge capital and other
inefficiencies

m These are sometimes called Sankey inefficiencies

m Energy storage has an important role to play
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Experience Curve for Solar
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Energy Storage
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2015: Wind is 5% of

US electricity How Cheap Can US Wind Get?
07 Y e e e AN GRS R R
New Natural Gas Electricity Price This is a future model of unsubsidized wind prices.
Assumes 14% cost reduction of new wind electricity per doubling of scale.
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This can be important because onshore and especially coastal wind are
anti-correlated with solar availability.
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Systematic underestimating of solar adoption
By energy agencies and utilities, at national and global levels

Solar Forecasts
IEA installed solar power forecasts have been frequently revised up
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Systematic underestimating of wind adoption
By energy agencies and utilities, at national and global levels

Wind Forecasts
The International Energy Agency regularly revised up its forecasts
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Parity, or domination?

m The parity point is when unsubsidized solar PV is cheaper than
the transmission cost of grid energy
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Parity, or domination?

m The parity point is when unsubsidized solar PV is cheaper than
the transmission cost of grid energy

m Such parity, expected in 2020
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Parity, or domination?

m The parity point is when unsubsidized solar PV is cheaper than
the transmission cost of grid energy
m Such parity, expected in 2020, is equivalent to:

m Price per barrel of oil less than $10 (currenty around $50)
m Price per 1000 cubic feet of natural gas less than $5 (currenty $8 to
$16, and swings widely)
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Parity, or domination?

m The parity point is when unsubsidized solar PV is cheaper than
the transmission cost of grid energy
m Such parity, expected in 2020, is equivalent to:
m Price per barrel of oil less than $10 (currently around $50)
m Price per 1000 cubic feet of natural gas less than $5 (currenty $8 0
$16, and swings widely)
m Oh, and by the way, the parity point against transmission for
rooftop solar PV + storage is expected in 2022!
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Parity, or domination?

m What if states and governments, under the influence of
utilities, penalize people for solar investments?
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Parity, or domination?

m What if states and governments, under the influence of
utilities, penalize people for solar investments?

m Leave the grid for most of your energy!
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Parity, or domination?

m What if states and governments, under the influence of
utilities, penalize people for solar investments?

m Leave the grid for most of your energy!

m There are plenty of clever technologists and companies around
that will sell you things to help you do that
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m What if states and governments, under the influence of
utilities, penalize people for solar investments?

m Leave the grid for most of your energy!

m There are plenty of clever technologists and companies around
that will sell you things to help you do that

m In fact, they exist now
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Parity, or domination?

m What if states and governments, under the influence of
utilities, penalize people for solar investments?

m Leave the grid for most of your energy!

m There are plenty of clever technologists and companies around
that will sell you things to help you do that

m In fact, they exist now

= http://www.solpad.com
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http://www.solpad.com

What could be, but may not be, at least not by 2030 . ..

Wind & Solar for 100% Renewable
7000.0 T35¢ moving to full electrification 2037
and electrolytic hydrogen saves 30+%
6000.0 P .
because of Sankey efficiencies!
< 5000.0
= B CUM Installed Wind -GW
g' 4000.0 —+ I I
u
] -
‘E 3000.0 CUM Installed PV -GW 50% by 2030
=3
© 2000.0
1000.0
00 = = m l l . l I s . e e l I l .
2016 2018 2020 2022 2024 2026 2028 2030 2032 2034 2036 2038 2040
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For the world . . .

_ 2050 BAU (20.604 TW)

Pre —— NET POWER DEMAND REDUCTION FROM
“D" prlie IMPROVED ENERGY OUTPUT BY ELECTRICITY
(__“oiy\g P OVER COMBUSTION -23.0% (4.739 TW)
OUET "=
)EC‘ ’E— s —END-USE EFFICIENCY BEYOND BAU
?B’oa P SCENARIOS -6.9% (1.420 TW)

|~ AVOIDED FOSSIL FUEL EXTRACTION,
PRODUCTION, DISTRIBUTION -12.6% (2.606TW)

100% WWS (11.840 TW)
(11.953TW)

ONSHORE WIND 23.5% (2.785 TW) WAVETTIDAL 0.6% (0.075 TW)
—WIND TOTAL 37.1% (4.397 TW)

FOSSILFUELS, OFFSHORE WIND 13.6% (1.612 TW)
BIO-FUELS,
& NUCLEAR

2 3 29.4% (3.
UTILITY-SCALE SOLAR 29.4% (3.481 TW) | NSRRI Ry

END-USE POWER SUPPLY
(139 COUNTRIES)

ROOFTOP PV 28.2% (3.334 TW)
RENEWABLES—| HYDRO 4.0% (0.474 TW)
GEO 0.6% (0.079TW)
2012 2015 2020 2025 2030 2040 2050
(4%9  (5.6%) (20%1%) (50%%) (80%t) (95%%) (100%)

Projected Energy Supply & Demand, 139 Countries

*ENERGY FOR ALL USES (INCLUDING ELECTRICITY, HEATING, TRANSPORTATION, INDUSTRY)

Solutions Project, 2015
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Thank You!

Figure 6: Estimated Premiums Based on an Average-Sized 3.6 kW System
on house sales for owned PV arrays

$25,000 Lawrence Berkeley Lab study, January 2015,
"Selling into the Sun”
$20,000
—_
@
=
= $15,000
£
-8
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S
=
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All Homes California Restof US  New Homes Existing
Homes

Error bars represent 95% confidence interval
Premiums are based on an average 3.6 ki sized system
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(End)

Long term trends in solar and wind enerey (J. Galkowski) 5" November 2016 (FINAL rev 4™ November 2016 ) 42 /42



