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Market Transformation: An
Abbreviated Definition

e “"The strategic process of intervening in a

market to create lasting change.”
Market Adoption Curve
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U.S. Energy Tax Incentives
Reflect Policy Objectives

Billions of 2018 Dollars FY1978-FY2022 Projected Annual Costs of Energy-Related Tax Incentives
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Source: CRS, using data from the Joint Committee on Taxation and Office of Management and Budget.

Source: Congressional Research Service, March 19, 2019, The Value of Energy Tax Incentives for Different Types of Energy
Resources, R44852, p. 10. https://crsreports.congress.gov/search/#/1?termsToSearch=energy%20subsidies&orderBy=Date




Tax Incentives Less Efficient | &z

Than a Price on Carbon, but... | ::°

o Carbo n TaX VS . Figure |.lllustration of Price Versus Quantity
C a. p &. T rad e Marginal Abatement Costs

e Efficient Carbon
Tax:
Price at which
Cap & Trade
Marginal
Abatement Cost |
= Cap & Trade ot oty
Marginal Benefit GHG Emission Abatement ———

Source: Congressional Research Service, February 3, 2009, Carbon Tax and
16 September 2020 Greenhouse Gas Control: Options and Considerations for Congress, p. 4.
https://www.hsdl.org/?abstract&did=736087
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Renewable & Clean Energy Standards

wwwdsireusa.org / June 2019

SO 107 x 2015

29 States + DC have a
Renewable Portfolio
Standard, 3 states have a
- Clean Energy Standard
¢ (8 states have renewable
portfolio goals, 2 states have

HI: 100% = 2045

clean energy goals)
. Renewable portfolio standard . Clean energy standard 3¢ Eypea cradit for solar or customer-sited renewables
. Renewable portfolic goal :| Cisan snergy goal t+  Includes non-renewable alternative resources




Incentives Choose “Winners”
for Market Transformation

Incentive Type
FEI  EFBE  $2.1 billion in incentives (2007-2016); 1,750 MW installed PV target MW
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W Rooftop =30 kWp (EUR/KWHh)

™ Rooftop >30 - 100 kWp (EUR/kWh)

B Rooftop >100 - 1,000 kWp (EUR/kWh])

M Rooftop >1,000 kWp (EUR/kWh]

¥ Min./max. degression of rooftop installations (EUR/kWh)
Field installations (EUR/kWh)
Min./max. degression of field installations (EUR/kWh)

2008 2009

2010 20m 2012

— Average system price (100 kWp rooftop) (EUR/,

6% interest rate, 20 year term, 2% p.a. 0&M costs

prices 2010 - 2012: price increase of 2% p.a.

Sources: BMU 2010, BSW 2010, Eurostat 2010, Deutsche Bank Securities Inc. 2010

* Model calculation for rooftop systems >30kWp, <100kWp; based

** Private households with annual consumption >2500kWh, <500Qk

Source: Germany Trade & Invest, “The Photovoltaic Industry in Gerrgany,”
Issue 2010/2011, p. 4.



Megawatts
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Incentives Have “Grown”

Installed Solar PV Capacity...

EIA: Estimated Net Summer Solar PV Capacity
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Source: EIA (data); California Public Utilities Commission, June 2020, 2020 California Solar Initiative Annual Program Assessment,
p. 22 (graph excerpt). https://www.cpuc.ca.gov/General.aspx?id=6043



Green Jobs Have Also Grown;
Installed Costs Have Declined

INSTALLED SOLAR PV COSTS BY SEGMENT COMPARED TO SOLAR EMPLOYMENT GROWTH,

2010-2019

$6.65 260,077

$5.92

208,859

$4.40 173,807
142,698
119,016
105,145
93,502
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Note: Puerto Rico was not included in the solar jobs count prior to 2018.

250,271 244,340 249 983

$2.87

$1.44
$0.94

messs Residential

Non-Residential

Utility-Scale
(Average of
Fixed-Tilt
& 1-Axis)

Sources: The Solar Foundation, National Solar Jobs Census; Wood Mackenzie, Limited, and the Solar Energy Industries Association, U.S. Solar Market Insight.

Source: The Solar Foundation, February 2020, 10t Annual National Solar Jobs Census 2019, p. 14.
https://www.thesolarfoundation.org/national/

16 September 2020 www.EmpoweredEnergy.com
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CA Solar Jobs Reflect 10
Years of Incentive Availability

250,000 Solar Jobs, by State (As of NOV 2019)

SOLAR EMPLOYMENT BY SECTOR
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Source: The Solar Foundation, February 2020, 10t Annual National Solar Jobs Census 2019, p. 22 (graph), p. 46

https://www.thesolarfoundation.org/national/
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Longevity of Solar Jobs an | gsé:e
Issue as Penetration Increases | 2:°

SOLAR EMPLOYMENT GROWTH BY SECTOR, 2010-2019
177,490 = 65.9%

43,934

=13.2%
=11.7%
12,908 - 12,892 = 4.8%
| | | | | | | | | | |
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
Projected = 269,483
= Installation & Manufacturing Wholesale Trade & ™= All Others =~ ™= Operations and

Project Development Distribution Maintenance

Source: The Solar Foundation, February 2020, 10t Annual National Solar Jobs Census 2019, p. 24. 10
https://www.thesolarfoundation.org/national/
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Installed Wind Capacity Has | ss2:e.
. 0000
Responded to Tax Incentives | ::°
Annual Regional Capacity (GW) (gg’l‘f,mgg():%z’afxa Cumulative Total Capacity (GW)
14 (SPP), and Kansas(SPP) 140
Southeast (non-ISO) | | Account for 50% of Total | _
12 | ™ISO-NE U.S. Installed Wind 120
& NYISO Capacity
m CAISO Total ~
10 PJM 100
» West (non-ISO) i —
= MISO
8 m SPP 80
m ERCOT T
6 60
4 40
2 20
==
0 — 0
1998 2001 2004 2007 2010 2013 2016 2019

Source: AWEA WindIQ
Source: Berkeley Lab, August 2020, Wind Energy Technology Data Update: 2020 Version, p. 8. https://emp.Ibl.gov/wind-technologies-market-report/



Wind Employment Less

Dominated by Construction | :2°

Wind Electric Power Generation - Employment by Industry Sector

36,706

2018: Total Employment = 111,166

26,490 27,058

11,783

6,231

Utilities Construction Manufacturing  Wholesale Professional Oth_er
Trade, and Business Services

Distribution, Services
and Transport

Source: NASEO & EFI, The 2019 U.S. Energy and Employment Report, p. 68. https://www.usenergyjobs.org/2019-report

16 September 2020 www.EmpoweredEnergy.com 12
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Wind Capacity Has More
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Moving Parts” than Solar PV |::
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Source: EIA, FERC, Berkeley Lab
Source: Berkeley Lab, August 2020, Wind Energy Technology Data Update: 2020 Version, p. 47. 13

https://emp.lbl.gov/wind-technologies-market-report/



Making Wind Capacity Cost | 2322

Declines More Variable e

Installed Project Cost (2019 $/kW)
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4,000 ' .
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0
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Sources: Berkeley Lab (some data points suppressed to protect confidentiality), Energy Information Administration

Source: Berkeley Lab, August 2020, Wind Energy Technology Data Update: 2020 Version, p. 54. 14
https://emp.Ibl.gov/wind-technologies-market-report/



As Costs Decline, Tax
Incentives Should Also Decline

Figure 2. Projected Cost of Energy Tax Provisions: FY2018-FY2028
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Source: CRS, using data from U.S. Department of the Treasury, https://home.treasury.gov/policy-issues/tax-
policy/tax-expenditures.

Notes: Treasury tax expenditure estimates are not directly comparable to JCT tax expenditure estimates. See
the text for additional information.

Source: Congressional Research Service, March 19, 2019, The Value of Energy Tax Incentives for Different Types of Energy Resources,

p. 12. https://crsreports.congress.gov/search/#/1?termsToSearch=energy%20subsidies&orderBy=Date



To Enable New Technologies | .

To Solve to New Problems oot

Wind Curtailment Rate Wind Penetration (as a % of load)
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Sources: ERCOT, MISO, CAISO, NYISO, PJM, ISO-NE, SPP

Source: Berkeley Lab, August 2020, Wind Energy Technology Data Update: 2020 Version, p. 49. https://emp.Ibl.gov/wind-technologies-market-report/



Curtailment Differs By Region, | .

Season, and Time of Day &

CAISQ Daily Average Curtailment
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Source: Berkeley Lab, July 2020, The California Demand Response Potential Study, Phase 3: Final Report on the Shift Resource through 2030,

p. 6. https://eta.lbl.gov/publications/california-demand-response-potential
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Renewable H2 Markets: More | sssse
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Diverse than Wind and Solar | :2°
| X J
LCORE* Results LCORE* Results
—
CURRENT COSTS & EFFICIENCIES FUTURE COSTS & EFFICIENCIES
45% Capacity Factor for Batteries; 45% Capacity Factor for Batteries;
90% Capacity Factor for All Other Equipment 90% Capacity Factor for All Other Equipment
$15.68/GJ ~ $46.20/G)
$56.33/MWh ~ $165.95/MWh $40.08/GJ) ~ $64.79/G) $15.20/G) ~ $42.06/G)
$31.56/G) ~ 567.06/G) $143. 93/MWh s*sz w/Mwh 54.60/MWh ~ $151 06/MWh
@ 6/N ELECTRIC GRID  >73-90/GJ ™ 5158 >21.07/G)™ 563.12/G)
‘ VWV

$3.71/G)~ $7.83/G) {\[
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Natural Gas Pipelines and Storoge Facilities

* LCORE = Levelized Cost of Returned Energy = Levelized Cost of Energy with Zero-Cost Electricity Input

® National Fuel Cell Research Center % Wi /
e Also: Maritime, shipping, heating, and manufacturing

16 September 2020 www.EmpoweredEnergy.com 18




Requiring Market-Specific

Incentives to Meet Objectives | ::°

e California: 33% renewable H2 requirement;
_ow Carbon Fuel Standard credits for H2

e International Energy Agency identified 50

nolicies supporting H2, mostly in transport:

Pazsenger cars [ .
Vehicle refuelling station: |G e
Buse: |
Electrokysers [l
Trucks -—

Buildings heat and power [N B Combined incentives with targets
Power generation NI B Targets without incentives
Industry _ B [ncentives without targets

Orther fleet vehicle: [
0 . d & B 1n 1z 14 16

Mumbser of countries
Source: IEA, June 2019, The Future of Hydrogen — Seizing Today’s Opportunities, p. 20. https://www.iea.org/reports/the-future-of-hydrogen



Renewable Hydrogen Market | 33:.

Transformation “Guidelines” |22

e As with solar PV and wind, the renewable H2
market transformation will be enabled by
policy commitment and incentive programs

e Renewable hydrogen’s multiple markets may
require more targeted/nuanced incentives

e Impact could be much broader than for solar and
wind due to multiple market applications

e U.S. can learn from experiences around the globe

e Uncertainty is the bane of any investment.
Incentives must provide long-term certainty.

16 September 2020 www.EmpoweredEnergy.com 20
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