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fer net energy metering (NEM) for electricity customers with on-
site generators of up to 1 MW from solar PV, onshore wind, and
other renewable energy technologies with an overall program cap
at 5% of aggregate customer peak demand.124 In acknowledgment
of the NEM program's significant progress, the California legisla-
ture has directed the CPUC to prepare a successor program to take
effect on July 1, 2017, or upon reaching the 5% program cap,
whichever comes first. 125

C. Texas'Renewable Energy Policy

Texas has also used an RPS to promote the build-out of renew-
able power generation capacity. Since its inception in 1999,126 Tex-
as' RPS program has been expanded12 7 to require that the state at-
tain 5.88 GW of installed generating capacity from RE technologies
byJanuary 1, 2015 and to set a target of 10 GW by January 1, 2025,
with the non-binding goal that 500 MW of RPS-eligible capacity in-
stalled after September 1, 2005 come from resources other than
wind. 128 Strong wind deployment has allowed Texas to exceed both
the 2015 mandate and the 2025 target well ahead of schedule,129

but deployment of non-wind capacity has lagged. Non-wind
sources, like solar, typically have a higher market price in Texas
and the voluntary goal set for them has not otherwise driven de-
ployment.3

0

In order to ensure sufficient transmission infrastructure to de-
liver new renewable power capacity from remote, resource-rich
parts of Texas to the state's load centers, the state legislature di-
rected the PUCT to identify Competitive Renewable Energy Zones
(CREZs) with favorable resource conditions and plan for transmis-
sion capacity to deliver renewable electricity generated in CREZs

visited Dec. 31, 2015).
124. See CAL. PUB. UTIL. CODE §§ 2827-2827.10 (West 2016).

125. See A.B. 327, 2013-14 Sess. (Cal. 2013); see al.o Cal. Pub. Util. Comm'n, Pro-
posed Decision of ALJ Simon, Rulernaking 14-07-002, http://docs.cpuc.ca.gov/
PublishedDocs/Efile/G000/M156/K443/156443378.PDF (proposed decision in NEM
successor tariff proceeding).

126. See S.B. 7, 76th Leg., Reg. Sess. (Tex. 1999).
127. SeeS.B. 20, 79th Leg., 1st Spec. Sess. (Tex. 2005).

128. SeeTEX. UTIL. CODE § 39.904(a) (2014); 25 TEX. ADMIN. CODE § 25.173(a)(1)
(2009).

129. See Database of State Incentives for Renewables & Efficiency, Renewable Genera-
tion Iequirement, http://programs.dsireusa.org/system/pi-ogram/detail/182 (last visited
Dec. 31, 2015).

130. See discussion infta Section VI.D.
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to customers in the most beneficial and cost-effective manner.131

Development of transmission capacity was accelerated by easing
the regulatory burden on transmission developers. For instance,
the legislature allowed the PUCT to disregard two key factors-the
adequacy of existing service and the need for additional service-
when considering an application for a certificate of public conven-
ience and necessity for a transmission project intended to connect
a CREZ to Texas load centers.32 CREZ projects have added nearly
3,600 miles of transmission lines to accommodate up to 18,500
MW of wind power at a total cost of nearly $7 billion. 133 The CREZ
program has been credited as instrumental in reducing wind ener-
gy curtailment in Texas from 17% in 2009 to 0.5% in 2014.134

D. Germany's Renewable Energy Policy

Germany has provided continuous FIT support for solar PV,
onshore wind, and other renewables since the Stromeinspeise-Gesetz
(Electricity Feed-in Law) of 1990.135 With feed-in rates for solar and
wind originally pegged at 90% of retail electricity rates, Germany's
first FIT delivered only limited renewable energy deployment.13 6 It
was not until the Erneuerbare-Energien-Gesetz (Renewable Energy
Sources Law) of 2000 decoupled feed-in rates for renewables from
retail rates that Germany's renewable energy boom began. Since
2000, Germany's FIT rates have been calculated based on the re-
spective generation costs of eligible renewable energy technolo-
gies, aiming to provide developers and investors with return rates
of approximately 8% over the twenty years of guaranteed tariff

131. SeeTEX. UTIL. CODE § 39.904 (g)(1)-(2) (2014); ELEC. RELIABILITY COUNCIL OF
TEX. (ERCOT), PANHANDLE RENEWABLE ENERGY ZONE (PREZ) STUDY REPORT 2 (2014),
http://www.ercot.com/content/news/presentations/2014/Panhandle%20Renewable%
20Energy%20Zone%20Sttdy%2OReport.pdf.

132. SeeTEX. UTIL. CODE §§ 39.904(h), 37.056(c) (1)-(2) (2014).
133. See RYAN WISER & MARK BOLINGER, U.S. DEP'T OF ENERGY, 2014 WIND

TECHNOLOGIES MARKET REPORT 66 (2015), http://energy.gov/sites/prod/files/

2015/08/f25/2014-Wind-Technologies-Market-Report-8.7.pdf (noting that the total cost of
CREZ projects was $2 billion higher than first estimated, in part because over 600 miles of
additional transmission lines were needed in response to requests for routing changes
from landowners).

134. Id. at 37-38; see also JURGEN WEISS & BRUCE TSUCHIDA, THE BRATTLE GRP.,
INTEGRATING RENEWABLE ENERGY INTO THE ELECTRICITY GRID: CASE STUDIES SHOWING
How SYSTEM OPERATORS ARE MAINTAINING RELIABILITY 13 (2015).

135. For a historical overview of renewable energy support in Germany, see HAAS ET
AL., supra note 108, at 1018.

136. Id. at 1019.

2016]



82 STANFORD ENVIRONMENTAL LA WJOURNAL

payments. 137 All FIT rates have built-in, technology-specific annual
"degression rates" that reduce the tariff by a set percentage every
year in an attempt to anticipate and account for technology learn-
ing and cost improvements. In addition, the German parliament
has amended the Renewable Energy Sources Law on several occa-
sions to reduce FIT rates beyond their standard annual degression
rates to keep up with greater-than-expected reductions in the price
of solar panels and other hardware.3 8 Other noteworthy modifica-
tions include incentives for renewable power generators to sell
their electricity in the open market instead of under the FIT, 39 the
transition to dynamic tariff degression rates that automatically ad-
just upward or downward according to the tariffs deployment suc-
cess,140 and the introduction of a cap for FIT support for solar PV
at 52,000 MW of installed capacity.41

Unlike California and Texas, Germany does not use an RPS to
help promote the large-scale deployment of renewable energy but,
instead, uses aspirational targets for the share of renewables in the
German electricity mix. To date, all of these targets have been met
well ahead of schedule, as the goal of 12.5% by 2010, set in 2004,
was achieved three years early, in 2007, while the goal of 20% by
2020 was reached nine years early, in 2011.142 It remains to be seen
whether the same trend will hold true for the Energiezwende's ex-
tremely ambitious goal of meeting 80% of Germany's electricity
demand with renewables by 2050.

137. See MENDONCA ET AL., su/na note 108, at 21.

138. See Lincoln L. Davies & Kirsten Allen, Feed-in 7Tari&/s in Turmoil, 116 W. VA. L.
REV. 937, 948 (2013) (discussing the Renewable Energies Laws of 2004, 2009, 2010, 2011,
and 2012).

139. See id. at 953, 956 (discussing the Renewable Energies Laws of 2009 and 2011).

140. I.

141. See id. at 959 (discussing the Renewable Energies Law of 2012).

142. Id. at 960.
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jurisdiction Policy Driver Mandate/ Goal/ Cap

US. Federal Investment tax credit (solar) Phases down to 22% by 1/1/2021
- Residential Expires 1/1/2022
- Commercial Drops to 10% 1/1/2022

Production tax credit (wind) Phases down to 40% by 1/1/2019
Expires 1/1/2020

Accelerated depredation Permanent

California Renewable portfolio standard 50% by 2030 mandate

Reverse auction mechanism 1.299 MW cap

Feed-in tariff 750 MW cap

California solar Initiative 1,940 MW by 2016 goal

Net energy metering 5% of peak load cap

Texas Renewable portfolio standard 5,000 MW by 2015 mandate
10.000 MW by 2025 goal
500 MW non-wind goal

Competitive renewable energy zones

Germany Feed-in tariffs 80% by 2050 goal
52,000 MW solar cap

Table 1: Primary Policy Drivers: California, Texas, and
Germany

VI. COMPARATIVE INSIGHTS AND BEST PRACTICES

Our analysis of publicly available market data for California,
Texas, and Germany, review of the pertinent literature, and input
from expert stakeholders have produced a range of comparative
insights. We here focus on some of the most prominent and con-
troversial themes of the renewable energy debate, including the
critical role of soft costs (infra A.), the relationship between inter-
mittent renewables and grid stability (infra B.), competing ap-
proaches to balancing intermittency (infra C.), the importance of
policy diversity for a mixed portfolio of renewables (infra D.), and
the implications of electricity price differentials among regions (in-
fra E.). In the process, we contextualize, challenge, and refute
some of the criticisms and misconceptions related to the large-
scale deployment of solar PV, onshore wind, and other renewa-
bles-on both sides of the Atlantic.
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A. Favorable Treatment of Soft-Cost Factors Translates to Hard Savings

Germany's LCOE numbers1 43 for solar PV pose a puzzling
question: How can a country with significantly poorer renewable
resource endowment post similar, if not better, LCOE values than
California and Texas, which both feature solar radiation levels al-
most twice as high as Germany's? Or, as one expert put it: "Ger-
many happens to be the wrong place for solar, but they did it." 144

How do German solar developers manage to produce electricity at
similar cost levels to their California and Texas counterparts de-
spite having little more than half the sunshine?

At a glance, the United States-China solar trade dispute and
the tariffs imposed on Chinese solar panels since 2012 suggest
themselves as a possible explanation for the surprising similarity in
LCOE numbers on both sides of the Atlantic. 145 Closer scrutiny,
however, urges caution so as not to overemphasize the effect of
these tariffs on the transatlantic LCOE comparison for the follow-
ing reasons: First, the European Union quickly followed the Unit-
ed States example and began imposing its own tariffs on Chinese
solar panels midway through 2013, eventually followed by an
agreement between both setting minimum prices for Chinese solar
panel imports.146 Second, only 31% of solar panels installed in the
United States in 2013 were imported from China.147 Third, and

143. See discussion supra note 35 and accompanying text.
144. See Notes from Expert Stakeholder Workshop Held at Stanford (Sept. 22, 2014,

(on file with authors) [hereinafter Stanfird Expet Slakeholder Workshop Notes]. In order to
facilitate the most candid conversation possible, the workshop followed the Chatham
House rule, whereby participants are free to use the information received, but neither the
identity nor the affiliation of the speaker(s), nor that of any other participant, may be re-
vealed. See Chatham House, Chatham iHouse Rule, http://www.chathamhouse.org/about/
chatham-house-rule (last visited Dec. 31, 2015).

145. For an overview of the U.S.-Chinese trade conflict and the various tariffs im-

posed on imported Chinese solar panels, see Nick Lawton, A Trade War Over Cheap Chinese
Solar Panels: Protecting Ameran -ingenuity or Needlessly Rai'ing Price, GREEN ENERGY INST. AT
LEWIS & CLARK L. SCH., http://greenenergyinstitute.blogspot.com.es/2015/01/
a-trade-war-over-cheap-chinese-solar.html; see also United Stats-Cn o entetaili'ng Duly
Measures on Certain Products /rom China, WORLD TRADE ORG. (Jan. 16, 2015), https://
www.wto.org/english/tratop_e/dispu_e/cases-e/ds437_e.h tm.

146. See Gabriele Steinhauser & Art Patnaude, EU Resohes Solar-Panel Tiade Dispute
with China, WALL STREET J. (JULY 28, 2012, 3:48 PM), http://ww.wsj.com/articles/
SB10001424127887324170004578633961968361242.

147. See Mike Munsell, New Tari/Is on Chinese Solar Modules Will Raive (IS Ptices by 14%,
GREEN TECH MEDIA (June 20, 2014), http://www.greentechmedia.com/articles/
read/New-Tariffs-on-Chinese-Solar-Modules-Will-Raise-US-Price-by-14. It should be noted
that it is unclear whether reported LCOE numbers for Germany incorporate the impact of
E.U. tariffs on the prices of Chinese panels. See KOST ET AL., supra note 35, at 19 (referenc-
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most importantly, continuous cost improvements in manufactur-
ing across the globe have reduced the share of solar panels-
regardless of their origin-in overall system costs to well below
50%. 148

With the cost of solar panels and other hardware accounting
for an ever smaller share of overall system costs, the surprising sim-
ilarity in solar PV LCOE values among California, Texas, and Ger-
many points toward "soft costs," such as the cost of financing,
permitting, installation, and grid access, as critical drivers of the
observed LCOE numbers. Recent analysis suggests that favorable
treatment of these and other soft-cost factors has allowed the re-
newable energy policies of some countries to deliver up to four
times the average deployment of other countries, despite offering
only half the financial incentives.149 The same dynamics would
help explain why Germany's LCOE numbers for solar PV are simi-
lar to those of California and Texas-despite the country's con-
siderably poorer solar resource quality. Thus, financing costs for
solar PV projects in Germany are reported to range from 4.4% to
4.8%150 compared to 9.6% in the United States.'15 And the transat-
lantic gap in cost of capital grows even wider when factoring in the
current United States reliance on federal tax incentives to promote
the build-out of solar, wind and other renewables. The need for
hefty tax bills in order to benefit from these tax breaks limits the
pool of eligible investors to about two dozen banks and other high-
ly profitable firms who can use a developer's tax benefits to offset
tax liabilities from other sources.52 These "tax equity investors"
use their exclusivity to exact high rates of return for their invest-
ment in renewable energy,53 reportedly raising the cost of financ-

ing the international trade dispute over Chinese solar panels).
148. KOST ETAL.,supra note 35, at 19.
149. See Felix Mormann, Enhancing the InvestorAppeal of Renerable Energy, 42 ENVTL. L.

681, 703 (2012) [hereinafter Enhancing the Investor Afpeal of Renevable Energy] (analyzing
International Energy Agency deployment data for thirty-five countries worldwide to find
that the top three FIT countries, including Germany, achieved four times the onshore
wind deployment of the top three RPS countries, while offering half as much financial
support to developers).

150. See KOST Er AL., supra note 35, at 11 (reporting average capital costs of 4.4% for
small-scale and 4.8% for medium- and large-scale solar PV projects).

151. See LAZARD, supra note 36, at 2.
152. See BIPARTISAN POL'Y CTR., REASSESSING RENEWABLE ENERGY SUBSIDIES-ISSUE

BRIEF 10 (2011), http://bipartisanpolicy.org/wp-content/uploads/sites/default/files/
BPCRE%201ssue%2OBrief_3-22.pdf.

153. For a detailed discussion of the inefficiencies associated with federal tax credit
support for renewables, see Felix Mormann, Beyond Tax Credits: Smarter Tax Policy for a
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ing by up to 800 basis points compared to commercial debt and
adding up to $40 per MWh to the cost of generating renewable
electricity.154 These financing charges alone could raise the pro-
duction costs for renewable electricity above the average wholesale
rates of states like Texas ($38 per MWh). 155 In contrast, direct fi-
nancial support for renewables through Germany's FIT has invited
well over one hundred institutional and thousands of retail inves-
tors to help finance the build-out of solar PV, onshore wind, and
other renewables, offering a compelling explanation for the signif-
icantly lower financing charges observed in Germany. 156

The United States solar industry, meanwhile, has criticized cost
increases of up to $2,500 for residential solar PV systems due to
balkanized, often outdated local zoning and permitting process-
es.157 A recent study offers empirical support for the industry's crit-
icism, finding that permitting, installation, and other soft costs, ex-
cluding financing, add up to 23% to the overall cost of residential
solar PV systems.158 Not surprisingly, the United States solar indus-
try praises Germany for virtually eliminating permitting for basic
residential solar installations helping drive installed costs down by
up to 40% compared to the United States.159 One expert stake-
holder suggested that this cost advantage may also be the result of
Germany's higher population density and the country's more qual-
ified workforce, allowing German installers to "hit three houses in
a row with much less time spent on German roofs than U.S.
roofs." 160

Cleaner, Mare Democratic Enwog Future, 31 YALEJ. REG. 303, 323 (2014) [hereinafter Beyond
Tax Credits].

154. See BIPARTISAN POL'Y CTR., suffra note 152, at 11 n.18. Others report more mod-
erate increases in the average costs of capital for tax equity-financed renewable power pro-

jects, seeLAZARD, sou/o note 36, at 3 (pegging the cost of tax equity at 12% and overall pro-

ject capital costs at 10.8%).
155. See discussion supa Section IV.B.2.
156. See Beyond Tax Credits, sunra note 153, at 326.

157. See, e.g., SUNRUN, THE IMPACT OF LOCAL PERMITTING ON THE COST OF SOLAR

POWER 1, 3 (2011), http://my.solarroadmap.com/nserfiles/Permit-Pi-ocess-Time.pdf.

158. See KRISTEN ADANI ET AL., NAT'L RENEWABLE ENERGY LAB. & LAWRENCE

BERKELEY NAT'L LAB., BENCHMARKING NON-HARDWARE BALANCE OF SYSTEM (SOFT) COSTS

FOR U.S. SOLAR PHOTOVOLTAIC SYSTEMS USING A DATA-DRIVEN ANALYSIS FROM PV

INSTALLER SURVEY RESULTS 18 (2012), www.nrel.gov/docs/fy13osti/56806.pdf.

159. See, e.g., SUNRUN, suii/ ra note 157, at 1, 3.

160. See Stalford Expert Slakeholder Workshp Notes, supa note 144.
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B. High Penetration Rates of Intermittent Renewables Need Not Affect
Grid Stability

Critics of the large-scale build-out of solar and wind power in
Germany and elsewhere often claim that the intermittent output
profiles of these renewable resources jeopardize the stability and
reliability of the electrical grid. According to one commentator,
"[w] hen renewables supply 20 to 30 percent of all electricity, many
utility-energy engineers predict, the system will no longer be able
to balance supply and demand."16' A look at Germany's SAIDI
numbers casts serious doubt on such warnings.

From 2006 to 2013, Germany tripled the amount of electricity
generated from solar and wind to a joint market share of 26%,162
while managing to reduce average annual outage times in its grid
from an already impressive 22 minutes to just 15 minutes.163 Cali-
fornia, too, actually managed to lower average annual outage times
in its grid between 2006 and 2013 from over 100 minutes to under
90 minutes, while more than tripling the amount of electricity
produced from solar PV and onshore wind to ajoint market share
of 8%.164 Texas, on the other hand, experienced a 39% increase in
average outage times, from 92 minutes in 2006 to 128 minutes in
2013, as ERCOT ramped up its wind-generated electricity six-fold
to a market share of 10%.165 In the words of one expert stakehold-
er: "There's a perception that if we go to higher renewables the
grid might collapse. The German grid shows that's not the
case." 166 California's grid does, too-at least for now. And Texas,
with a massive increase in wind generation, seems to have reasona-
bly managed outage risk to date. Several recent studies confirm
our observation that greater penetration of intermittent renewa-
bles may require greater grid management efforts but need not
come at the expense of grid stability. 167

161. See Charles C. Mann, Wiat If We Never Run Out of Oil?, THE ATLANTIC (Apr. 24,
2013, 9:58 PM), http://www.theatlantic.com/magazine/archive/2013/05/what-if-we-
never-run-out-of-oil/309294/?single-page=true.

162. See Dehmer, supra note 6, at 73.
163. See discussion supra Sections V.A., Iv.B. 1.
164. Id.
165. Id.
166. See Staford Expert Stakeholder Workshop Notes, supra note 144.
167. See, e.g., JORGEN WEISS & BRUCE TSUCHIDA, THE BRATTLE GRP., INTEGRATING

RENEWABLE ENERGY INTO THE ELECTRICITY GRID: CASE STUDIES SHOWING How SYSTEM
OPERATORS ARE MAINTAINING RELIABILITY 30 (2015) ("IlSOs and utilities can deploy a
large and increasing portfolio of options to accommodate large and growing shares of re-
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C. Regulatory Approaches and Market Solutions to Balancing Output
Intermittency

Germany's impressive grid stability statistics should not be mis-
construed as a sign that an electrical grid with a significant share of
renewable energy is easy to operate. Indeed, Tennet TSO, Germa-
ny's second-largest grid operator, reports a near fivefold increase
in its requests to plant operators to adjust their output to maintain
grid stability from 209 requests in 2010 to 1,009 requests in 2013.168
Analysts have long acknowledged the need for fast-ramping, easy-
to-dispatch power to keep the grid in balance when power produc-
tion from solar, wind, and other non-dispatchable, intermittent
renewable generation suddenly drops off. 169 We here use the term
"intermittency" to refer to output fluctuations both as the result of
cloud coverage, wind lulls, or similar short-term meteorological
conditions, and as the growing challenge posed by diurnal cycles
where large amounts of solar power capacity go offline at sunset
and require replacement with fast-ramping back-up capacity, as il-
lustrated by California's highly publicized "duck chart." 170

Both California and Germany have recently witnessed innova-
tive approaches to managing the intermittency of non-dispatchable
renewables. In late 2013, the CPUC used its rulemaking authority
under Assembly Bill 2514 to require California's IOUs to procure a

newable generation while maintining high levels of reliability");JTRGEN WEISS ET AL., THE

BRATTLE GRP., EPA'S CLEAN POWER PLAN AND RELIABILITY: ASSESSING NERC'S INITIAL

RELIABILITY REVIEW 39 (2015), http://info.aee.net/hs-fs/hub/211732/file-2486162659-
pdf/PDF/EPAs-Clean-Powe-Plan-Reliability-Brattle.pdlf ("concerns related to integration
challenges caused by the growth of renewables are exaggerated"); GE ENERGY MGMT., PJM
RENEWABLE INTEGRATION STUDY: EXECUTIVE SUMMARY REPORT 6-7 (2014),

http://www.pjm.com/-/media/conittees-gr-oups/subcommittees/iis/postings/
pris-executive-summary.ashx ("the PJM system, with adequate transmission expansion and
additional regulating reserves, will not have any significant issues operating with tip to 30%
of its energy provided by wind and solar generation"); DEBRA LEW & GREG BRINKMAN,
NAT'L RENEWABLE ENERGY LAB., THE WESTERN WIND AND SOLAR INTEGRATION STUDY

PHASE 2: EXECUTIVE SUMMARY 10 (2013), http://www.ni-el.gov/docs/fy]3osti/58798.pdf
(noting that the variability and uncertainty challenges presented to grid operators by solar
and wind energy can be mitigated).

168. See Julia Mengewein, German Utilities Bail Out Eectric G(id at Winds Mery,
BLOOMBERG (July 30, 2014), http://www.bloomberg.com/news/print/2014-07-24/
german-u tilities-bail-out-electric-grid-at-wind-s-mercy.h tml.

169. See, e.g., Corinna Klessmann et al., Pros and Cons of Exposing Renewables to

Electricity Market Risks-A Comparison of the Market Integration Aprroaches in Germany, Spain,
and the UK, 36 ENERGY POL'Y 3646 (2008).

170. See, e.g., CAL. INDEP. SYS. OPERATOR, WHAT THE DUCK CURVE TELLS US ABOUT

MANAGING A GREEN GRID 3 (2013), http://wvw.caiso.com/Documents/

FlexibleResourcesHelpRenewablesFastFacts. pdf.
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total of 1,325 MW of grid-level energy storage by 2020.171 Other
electricity providers were required to procure storage capacity
worth 1% of their annual peak load.172 The first of its kind in the
United States, California's energy storage bill is a building block in
the state's transition to renewable energy. 73 In contrast to Califor-
nia's initial regulatory mandate, Germany has relied on its electric-
ity markets to help balance the intermittent output of the coun-
try's growing fleet of solar and wind power generators. As the share
of intermittent renewables continues to increase, Germany's bal-
ancing market has become ever more important, to the point
where generators today can earn well over $15,000 for providing a
single MW of fast-ramping balancing capacity for one hour in the
weekly balancing market auctions.174 With the balancing market
several orders of magnitude more lucrative than the wholesale
electricity market,175 many have sought to enter or increase their
presence, including Germany's incumbent utilities and, remarka-
bly, some renewable energy entrepreneurs.176 Perhaps the most
notable, Next Kraftwerke, has combined 570 MW of solar, wind,
hydro, and biomass-powered cogeneration capacity to create a vir-
tual power plant that bids, among others, over 170 MW of fast-
ramping, partly instantaneous backup capacity into the German
balancing market. 177 In the same vein, incumbent utilities have be-
gun to retrofit their coal-fired power plants to allow for faster
ramping in response to load changes.78 Entrepreneurial innova-
tion and greater competition among suppliers offer an explana-
tion as to why the aggregate cost of Germany's grid management
measures has gone down by 25% from 2009 to 2012179-despite
the dramatic increase in balancing interventions from grid opera-

171. See Cal. Pub. Util. Cornm'n, Decision Adopting Energy Storage Procurement
Framework and Design Program 2, Rulemaking 10-12-007 (Oct. 17, 2013),
http://docs.cpuc.ca.gov/PublishedDocs/Published/GOOO/MO78/K929/78929853.pdf.

172. Id.
173. See Press Release, State of Cal. Dept. of Justice, Office of the Attorney Gen.,

Brown Lauds Passage of the Nation's First Energy Storage Bill (Sept. 29, 2010), http://
oag.ca.gov/news/ press-releases/brown-lauds-passage-nations-fiirst-energy-storage-bilI.

174. See Mengewein, supra note 168.
175. See discussion supia Section W.B.2.
176. See Mengewein, supra note 168.
177. See Craig Morris, German Virtual Power Plant Provider Goes Nationwide,

RENEWABLES INT'L Uuly 7, 2013), http://www.renewablesin ternational.net/
gennan-virtual-power-plant-provider-goes-nationwide/150/537/68680.

178. See Mengewein, supra note 168.
179. See FED. MINISTRY FOR ECON. AFFAIRS &ENERGY, sulyra note 46, at 61, Figure 8.4.
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tors. Germany's innovative and cost-effective grid management
practices have helped maintain the country's high standards of
grid stability-exceeding that of California or Texas-while inte-
grating ever-higher shares of intermittent renewables.

D. The Importance of Policy Nuance and Diversity for a Mixed Renewables
Portfolio

The energy policy literature has long argued that a mixed port-
folio of various renewable energy technologies requires diverse
and tailored policy support to address the specific needs of solar
PV, onshore wind, and other renewables.80 Mindful of the consid-
erable differences in maturity and cost across renewable energy
technologies, the International Energy Agency calls on policymak-
ers "to tailor policies and incentives to bring forward the specific
technologies required rather than using a technology-neutral ap-
proach."181 The current analysis, albeit limited to a subset of two
technologies-solar PV and onshore wind-provides empirical
support for these claims.

California and Germany have achieved significant deployment
of both solar PV and onshore wind, despite critical differences be-
tween the two technologies, including LCOE numbers that have
been over 50% higher for solar PV than for onshore wind. 182 Cali-
fornia has managed to promote the simultaneous build-out of both
technologies through a suite of diverse policy instruments. The
state's RPS does not distinguish between power generated from so-
lar, wind, or any other renewable resource, awarding one REC
each per MWh of electricity generated from eligible renewables.83

Such a technology- and scale-neutral policy instrument is likely to
create a market primarily, if not exclusively, for the current least-

180. See, e.g., INT'L ENERGY AGENCY, DEPLOYING RENEWABLES-PRINCIPLES FOR

EFFEcrvE POLICIES 23 (2008), http://www.iea.org/publications/freepublications/
publication/deployingrenewables2008.pdf (highlighting the need for diverse, tailored pol-
icy support "to exploit the significant potential of the large basket of renewable energy
technologies over time"); see also Felix Mormann, Requiremnits for a Renewables Rvolfttion,
38 ECOLOGY L. Q. 903, 938 (2011) (highlighting the importance of a diversified portfolio
of renewable energy technologies from an energy security perspective).

181. INT'L ENERGY AGENCY, DEPLOYING RENEWABLES-BEST AND FUTURE POLICY

PRACTICE 100 (2011), https://www.iea.org/publications/freepiblications/publication/
DeployingRenewables2011 .pdf.

182. See discussion su/noa Section III.
183. See CAL. ENERGY COMM'N, RENEWABLES PORTFOLIO STANDARD ELIGIBILITY

GUIDEBOOK 124 (7th ed. 2013), http://w.energy.ca.gov/2013publications/CEC-300-
2013-005/CEC-300-2013-005-ED7-CMF-REV.pdf.
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cost renewable energy technology at utility-scale. 184 Mindful of the-
se dynamics, California has flanked its RPS with a suite of more tai-
lored, complementary policies. Some of these are aimed at specific
technologies and applications, such as the CSI promoting behind-
the-meter deployment of solar PV, while others offer support for
small-scale (NEM, FIT) or medium-scale (RAM) generators across
a range of renewable energy technologies.8 5 The result of this pol-
icy potpourri is a diverse portfolio of renewables in California's
electricity mix, including but not limited to solar PV and onshore
wind. 186

At a glance, Germany may appear to employ a less tailored pol-
icy approach than California to promote renewables. After all,
most reports on German renewable energy policy, including our
own,187 seem to reduce the country's approach to a single policy-
the feed-in tariff. In reality, it would be more appropriate to use
the plural term "feed-in tariffs" as Germany's Renewable Energy
Sources Law establishes some thirty different FITs custom-tailored
to address the needs of over ten distinct renewable energy tech-
nologies and applications while also accounting for differences in
size, location, etc.188 With such policy nuance and diversity it is
hardly surprising that Germany's Energiewende has managed to
promote the simultaneous build-out of solar PV and onshore wind,
among other renewables.1 89

Compared to both California and Germany, Texas uses a rela-
tively straightforward, less nuanced policy approach to promote so-
lar PV and onshore wind. The Texas RPS is, at its core, as technol-
ogy-neutral as the California RPS, calling for the deployment of
10,000 MW of any renewable power generation capacity by 2020.190
In keeping with the literature's tenet that technology-neutral poli-
cies tend to promote primarily the least-cost technologies,91 the
Texas RPS, supported by the CREZ program that has stimulated

184. SeeMormann, supra note 180, at 937.
185. See discussion supra Section V.B.
186. See discussion supra Section W.A.
187. See discussion supra Section V.D.
188. See Erneuerbare-Energien-Gesetz [EEG] [Renewable Energies Act] (July 21,

2014), §§ 40-51 (Ger.), http://www.gesetze-im-internet.de/bundesrecht/eeg_2014/ge-
saint.pdf.

189. See discussion supra Section V.A.
190. See discussion supra Section V.C.
191. See Mormann, spra note 180 at 937; see NICHOLAS STERN, THE ECONOMICS OF

CLIMATE CHANGE: THE STERN REVIEW 358 (2007).
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significant transmission development, has been highly successful at
promoting onshore wind but has driven very little deployment of
more costly solar PV capacity. 92 In 2005, the Texas legislature
amended the state RPS to include a goal of 500 MW of renewable
generation capacity other than wind, offering a credit multiplier of
2 RECs for every MWh of electricity from non-wind renewables.193

Even so, solar PV deployment has continued to lag suggesting that
this non-binding goal of 500 MW has been insufficient to create
the necessary market pull. It is likely that the credit multiplier may
still not have offered enough financial support to cover solar PV's
LCOE in Texas. The few places in Texas with significant solar PV
deployment have used tailored policies, such as Austin's value-of-
solar tariff and NEM program 194 or San Antonio's solar rebate pro-
gram. 195 In light of the similarly strong solar resources in California
and Texas, these observations suggest that the slower, statewide
build-out of solar PV in Texas compared to California (and even
resource-poor Germany) may well be the result of insufficiently di-
verse and tailored policy support.

E. Putting Electricity Costs in Perspective

Perhaps the single most frequent point of criticism regarding
the German Energiewende relates to its impact on electricity pric-
es.196 Indeed, German residential customers pay more than twice
as much for their electricity as California residents and three times
as much as their Texan counterparts. 197 These impressive price dif-
ferentials only tell half the story, however, and warrant clarification
and contextualization in multiple respects.

First, only a modest portion of the 20-plus $cents/kWh differ-
ence between Germany's residential retail electricity prices and

192. See discussion supra Section W.A.
193. Seediscussion s/ira Section V.C.
194. See Database of State Incentives for Renewables & Efficiency, Austin Enei,-Net

Me/tuing, DSIRE, Ittp://programs.dsireusa.org/system/progiain/detail/327 (last visited
Dec. 31, 2015).

195. See Database of State Incentives for Renewables & Efficiency, Texas CPS lnergo-
Solar PV Rebate Progmam, DSIRE, http://prograins.dsireusa.org/systein/prograrn/detail/
2794 (last visited Dec. 31, 2015). For a recent account of San Antonio's solar PV deploy-
ment success, see Bill Loveless, San Antonio Takes Different Tack on Solar Enet', USA TODAY
(Feb. 16, 2015, 4:26 PM), http://www.usatoday.com/story/money/colurnnist/2015/
02/15/loveless-solar-power-san-antonio/23384349/.

196. See, e.g., Eddy & Reed, suna note 9.
197. See discussion supra Section IV.B.2.
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those in California and Texas is due to costs imposed by the Ger-
man commitment to renewables. In 2014, the levy to finance the
above-market rates paid to renewable generators under Germany's
FIT accounted for 8.0 $cents/kWh or 21% of average residential
retail rates. 198 As such, the FIT levy was only the fourth largest driv-
er of residential power pricing, behind energy procurement costs
(25%), applicable taxes (23%) and grid-related charges (23%) (see
Figure 11).199 Germany's energy procurement costs are driven, in
large part, by higher natural gas prices in Europe, where cheaper
United States gas is not available. From 2005 to 2012, prices for
natural gas at the main trading hub in Germany increased by more
than 85% from 5.88 $/MBTU to 10.93 $/MBTU before leveling
off at 9.11 $/MBTU by 2014.200 In contrast, prices at the United
States benchmark Henry Hub decreased from 2005 to 2012 by
nearly 70% from 8.79 $/MBTU to 2.76 $/MBTU before rebound-
ing to 4.35 $/MBTU by 2014 as significant new American produc-
tion of natural gas occurred with the advent of large-scale hydrau-
lic fracturing of shale formations.201

Second, a significant portion of Germany's FIT levy stems from
"legacy costs" incurred in the early stages of the country's renewa-
ble energy build-out when the tariff for solar PV, for example, ex-
ceeded 60 $cents/kWh in 2005.202 And with a FIT duration of
twenty years,203 these costs will be with German ratepayers for many
years to come.

198. See BUNDESVERBAND DER ENERGIE UND WASSERWIRTSCHAFT, supra note 81, at 48.

199. Id.
200. See BRITISH PETROLEUM, BP STATISTICAL REVIEW OF WORLD ENERGY 27 (2015),

https://www.bp.coin/content/dam/bp/pdf/eergy-economics/statistical-review-2015/
bp-statistical-review-of-world-energy-2015-full-report.pdf.

201. Id.; see also CARA MARCY & ALEXANDER METELITSA, EUROPEAN RESIDENTIAL

ELECTRICITY PRICES INCREASING FASTER THAN PRICES IN UNITED STATES (2014),
http://www.eia.gov/todayinenergy/detai.cfm?id=18851.

202. See INT'L ENERGYAGENCY, sulra note 180, at 128.

203. See supra note 137 and accompanying text.
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Feed-in Tariff Levy
21%

Grid Charges Other

23% 8%

TaxWs Procurement Costs

23% 25%
Source: Steyer- Taylor Center, Doto Provided by BDEW

Figure 11: Drivers of Germany's 2014 Residential Electricity
Rates

One expert stakeholder reminded us at our Stanford workshop
that these plummeting prices were, in part, the result of German
deployment bringing down the cost of solar worldwide.204 After all,
Germany's strong policy support is credited with driving global
demand for solar PV equipment that supported the build-out of
the vast Chinese manufacturing capacities whose resulting over-
supply helped drive down solar PV prices.20 5 Another stakeholder
went even further stating that "wle owe a debt of gratitude to
Germany to help get those economies of scale up for solar." 20 6

Third, the German parliament deliberately chose to impose
most of the financial burden caused by its FIT on residential, ra-
ther than industrial ratepayers, in order to preserve the country's
international competitiveness. To this end, the Renewable Energy
Sources Law exempts well over 2,000 electricity-intensive industrial
customers from part, if not all, of the FIT levy. 207 Despite using

204. See S/a ford Exxperi Stakeholder Warkshop Notes, supr-a note 144.

205. See, e.g., Michael Lind, The Solar nero Bubble Bursts: lV 7y Germay s Solar Miracle
Failed, THE BREAKTHROUGH (Mar. 25, 2013), http://thebreakthrough.org/index.php/
voices/mnichael-Iind/the-solar-energy-bubble-busts.

206. See Stanford Expert Stakeholder Worksh,) Notes, supra note 144.

207. See BDEW, ERNEUERBARE ENERGIEN UND DAS EEG: ZAHLEN, FAKTEN, GRAFIKEN

51 (2014), https://www.bdew.de/internet.nsf/id/bdew-pblikation-erneuerbae-energien-
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25% of Germany's electricity, these exempt companies pay only
2% of the overall cost of the FIT levy. 208 The international compet-
itiveness of exempt industrial ratepayers is further aided by the
impact of renewables on the German wholesale market's "merit
order," which determines the order of dispatch for power plants,
usually going from least to most expensive.209 Financed through
market-independent FIT payments and enjoying statutory dispatch
priority, the growing share of renewable power generators contin-
ues to push older, higher-cost power producers out of the market,
thereby helping to reduce wholesale electricity prices by over 50%
from 2008 to 2013.210 Together, these dynamics offer an explana-
tion of why exempt industrial customers in Germany pay signifi-
cantly lower electricity rates than their California counterparts and
slightly less than industrial ratepayers in Texas.21'

Fourth, the significant increase in retail electricity prices for
residential customers that has accompanied the Energiewende was a
conscious policy choice in order to send powerful price signals to
incentivize energy efficiency.212 Germany's National Action Plan on
Energy Efficiency seeks to reduce primary energy consumption
20% by 2020 and 50% by 2050, compared to 2008 levels.213 Follow-
ing a gradual decline in recent years, German households con-
sume under 260 kWh per month on average214 -less than half as

und-das-eeg-zahlen-fakten-grafiken-2014-de/$file/Energie-InfoErneuerbare%
20Energien %20ind%20das%20EEG%202014-korr%2027.02.2014_final.pdf.

208. Id.

209. See HANS POSER ET AL., FINADVIGE, DEVELOPMENT AND INTEGRATION OF
RENEWABLE ENERGY: LESSONS LEARNED FROM GERMANY 37 (2014),

http://www.finadvice.ch/files/germanyilessonslearned-final_071014.pdf ("[T]he offer

curve of a power market is determined by the marginal costs in ascending order of the
available power sources. This is the so-called merit order."); see also Emily Hammond &
David Spence, The Regulatory Contract in the Marketplace, 69 VAND. L. REV. (forthcoming

2016) ("when the grid operator dispatches power from individual electric generating
facilities to the grid, it does so on a least-cost basis").

210. See POSER ET AL., supra note 209, at 3-4, 37-38; see also AGORA ENERGIEWENDE,

suffa note 41, at 22.
211. See discussion supra Section IV.B.2.

212. See Pang et al., sura note 3, at 16.
213. See Fed. Ministry for Econ. Affairs & Energy, National Action Plan on Energy Iffi-

ciency (NAPE): Making M(re out of Energy, BMWI.DE, http://www.bmwi.de/EN/Topics/
Energy/Energy-Efficiency/nape.htInl (last visited Dec. 31, 2015).

214. See BUNDESVERBAND DER ENERGIE UND WASSERWIRTSCHAFT, ENERGIE-INFO:

STROMVERBRAUCH IM HAUSHALT 6 (2013), https://www.bdew.de/internet.nsf/id/
6FE5E98B43647E00C1257COF003314E5/$file/708-2_Beiblatt-zu%20BDEW-
Chaits%20Stromverbrauch%20im%20Haushalt 2013-10-23.pdf (reporting a gradual de-
cline in residential electricity consumption from 2005 onward).
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much as the average California household (560 kWh/month) and
well below a quarter of the electricity consumed by the average
Texas household (1,170 kWh/month).215 Based on 2014 electricity
prices,216 these consumption numbers translate to average monthly
household electricity bills of approximately $100 for Germany, $90
in California, and $130 in Texas. It appears, therefore, as though
the price signals embedded in Germany's rising electricity ,rates are
having the intended effect of promoting energy efficiency while al-
so helping to keep residential electricity bills affordable.

Cost*

$50

U California U Texas Z Germany
*Based on 2014 real) electricity rates and historic monthly

average consumption data.

Figure 12: Average Monthly Household Electricity Bills

Fifth, any comparison of the impact of renewable energy policy
on electricity rates in the United States and Germany should keep
in mind that a principal driver of United States renewables de-
ployment-federal tax incentives-is funded not by ratepayers in
the handful of states where renewable energy development has
been substantial, but, instead, by a much larger set of taxpayers
coast to coast. While not as high as Germany's FIT levy, assigning

215. See NAT'L ASSOC. OF HOME BUILDERS, 2013 AVERAGE MONTHLY BILL-

RESIDENTLAL (2015), http://eyeonhousing.org/wp-content/uploads/2015/03/2013-
Average-Monthly-BiIl-Residential-Electric I.pdf.

216. See discussion sulna Section 1V.B.2.
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the cost of federal tax credits and accelerated depreciation rates to
those United States ratepayers with significant renewable energy
shares in their electricity mix would lead to a noticeable increase
in their electricity rates (although this is not a change we recom-
mend).

The above clarifications do not seek to deny the fact that elec-
tricity prices in Germany are significantly higher than in the Unit-
ed States, nor that the price differential is, in part, the result of
costly mistakes made by German policymakers, such as when they
failed to adjust the FIT downward along with tumbling hardware
prices in 2010. But understanding some underlying dynamics re-
minds us that Germany's FIT levy is but one factor among many
that make up Germany's cost differential with California and Tex-
as, many of which reflect careful-and some not so careful-
policy choices. In the words of one expert stakeholder reflecting
on the Germany situation: "At a high level, in spite of program de-
sign that could've been done better, [there is] a lot more good
than bad in that story." 217

VII. CONCLUSION

The preceding analysis compares the solar PV and onshore
wind deployment experiences and policy approaches of California,
Texas, and Germany to gain insights into what has worked well-
and what hasn't. In the process, we contextualized and clarified
some of the most prominent (and controversial) themes in the
transatlantic renewables debate, including soft costs, grid stability,
intermittency, policy tailoring, and electricity costs.

While our analysis confirms that Germany's retail rates for resi-
dential customers are two to three times as high as those in Cali-
fornia or Texas,21 8 we also find that industrial ratepayers in Ger-
many, who are exempt from financing the country's feed-in tariffs
for renewables, actually pay less for electricity than their counter-
parts in California and Texas, allowing the country's energy-
intensive industries to remain internationally competitive.219

Moreover, higher residential electricity rates in Germany have
helped encourage greater energy efficiency as envisioned by the
German policymaker such that average monthly household elec-

217. See Stanford Expert, Stakeholder Work/hop Notes, sulra note 144.
218. Supra Section IV.B.2.
219. Supra Section IV.B.2.
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tricity bills in Germany are only slightly higher than those in Cali-
fornia and, in fact, lower than in Texas.220

We rebut common concerns that ramping up the share of
weather-dependent, intermittent renewables like solar and wind
inevitably jeopardizes the stability of the electric grid. Germany
and California have both managed to lower average service inter-
ruption times in their electricity grids while tripling the amount of
electricity generated from solar and wind.221 We caution, however,
that the impressive grid stability numbers of Germany and Califor-
nia should not be misconstrued as a sign that an electrical grid
with a significant share of renewable energy is easy to operate. Ra-
ther, we suggest that they are the result of targeted measures, rang-
ing from regulatory mandates to market-based incentives.222

We offer an explanation for how German solar installations
manage to generate electricity at an overall cost similar to that of
California and Texas-despite receiving only half as much annual
sunshine as its United States counterparts.223 Our analysis suggests
that Germany makes up for its deficits in solar resource quality
through favorable treatment of "soft costs," such as the cost of fi-
nancing, permitting, installation, and grid access.224 '

Finally, our work underscores the importance of nuanced poli-
cy support in order to promote a diverse portfolio of renewable
energy technologies. Germany and California have achieved signif-
icant deployment of both solar and wind generation assets each us-
ing a suite of technology-specific policy measures custom-tailored
to the specific needs of either technology.225 In contrast, Texas' re-
liance on a single, technology-neutral policy to create a market for
renewables in general has been highly successful in ramping up
the share of wind energy but has supported very little solar de-
ployment.

226

Notwithstanding the visibility and importance of these themes,
they represent but a modest subset of the kaleidoscope of factors
to consider for successful deployment and integration of solar PV,

220. Supra Section VI.E.
221. Supra Sections W.B.I., VI.B. Only Texas has witnessed an increase in its average

system interruption times while ramping up the share of intermittent wind power in its
electricity mix six-fold. Id.

222. Supra Section VI.C.
223. Supra Section III.

224. S upra Section VIA.

225. Suna Section VI.D.

226. Id.
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onshore wind, and other renewables. We hope that our work will
inspire future research to include other jurisdictions, technologies,
and policy issues, such as the critical question of the Energiewende's
overall impact on Germany's greenhouse gas emissions. And we
hope that this research will find its way into thoughtful policymak-
ing, regulation, and market mechanisms on both sides of the At-
lantic.


