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Introduction

The Obama administration has repeatedly identified the large-scale build-out of clean, renewable energy infrastructure

as a key priority of the United States.! The President’s calls for a cleaner energy economy are often accompanied by

references to other industrialized countries such as Germany,? the world’s 4th largest economy, hailed by many as a

leader in renewable energy deployment and proof of concept. Indeed, the share of renewables in Germany’s electricity

generation mix (28%?°) is twice that of the United States (14%*), and the ambitious ,, Energiewende commits the country

to meeting 80% of its electricity needs with renewables by 2050.> The German renewables experience, however, is

not without its critics. Some praise the country’s “healthy Feed-in Tariff” and the resulting “proliferation of solar

systems” while applauding the German electrical grid as “very reliable and able to withstand high penetration of

variable generation”® Others consider it “clear that the transformation, if plausible, will be wrenching” as “German

families are being hit by rapidly increasing electricity rates” and “businesses are more and more worried that their

energy costs will put them at a disadvantage to competitors in nations with lower energy costs”® The mixed response

to Germany’s commitment to solar, wind, and other renewables raises questions as to how much and what, if anything,

the United States can learn from Germany’s renewable energy experiment — and vice versa. This paper seeks to answer

some of these questions by comparing the German renewables experience to that of California and Texas, two leaders

in renewable energy deployment in the United States and globally, albeit with very different policy approaches and

political leadership. California, the 8th largest economy in the world, and Texas, the 12th, have had significant success

in large-scale renewables but not without their own challenges. Our comparison of the renewable energy paths taken by

what amount to three large and highly distinct “countries” elucidates some of the most prominent (and controversial)

themes in the transatlantic renewables debate, including electricity costs, policy design, output intermittency, grid

stability, and soft costs. We offer comparative insights and best practices regarding renewables to inform policy

deliberations from the upcoming Paris climate talks to EPAs pending Clean Power Plan to the next generation of

Renewable Portfolio Standards at the U.S. state level.

I. Scope and Methodology

The following qualitative analysis builds on three case studies
undertaken by Stanford University’s Steyer-Taylor Center for
Energy Policy and Finance and the University of Cologne’s
Institute of Energy Economics in Germany. Researchers from
Cologne studied Germany® while Stanford’s team examined
California and Texas.!* The choice of comparing Germany’s
national renewables experience to that of two states within
the United States was prompted by the critical importance of
state energy markets and policies for U.S. renewable energy
deployment. Unlike Germany, the United States lacks a
comprehensive federal policy for renewable energy beyond
R&D expenditures and tax incentives that have waxed

and waned in recent decades. Congressional deadlock as
evidenced by dozens of failed legislative proposals'' has left

it to the states to fill the gaps in federal renewables policy,
with California and Texas leading the charge. In light of their

dominant role in both states, the following analysis places

special emphasis on the service territories of the California
Independent System Operator (CAISO) and the Electric
Reliability Council of Texas (ERCOT).

From a technology perspective, the present paper focuses
on onshore wind and solar photovoltaic (PV) technologies
as both have recently exhibited the highest growth rates
among renewables and, due to their intermittency, present
the greatest challenges for successful grid integration. Due
to this narrow focus, our analysis does not address the
broader question of whether Germany’s Energiewende — with
its phase-out of nuclear power and the concurrent rise in
the use of coal and lignite - offers an effective approach to
reducing the country’s overall greenhouse gas emissions.
Similarly, the study does not consider carbon emissions
reductions in California and Texas, where coal, natural gas,

nuclear energy, and hydropower have complex trajectories.
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Figure 1: Map of Solar PV Resource Quality - U.S. and Germany?**
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Case studies were assembled based on review of the
pertinent academic literature as well as publicly available
data, reports, and publications from regulatory agencies at
the state and federal levels. To gather critical stakeholder
input, Stanford’s Steyer-Taylor Center for Energy Policy and
Finance hosted a workshop in September 2014 that brought
together senior policymakers, regulators, utility executives,
analysts, investors, and academics from California, Texas,
and Germany to discuss and compare the renewable energy

experiences of all three jurisdictions.

The accuracy and value of any cross-jurisdictional policy
comparison depends on the extent to which the underlying
analysis recognizes and accounts for policy-independent
differences between jurisdictions. To this end, this paper
begins with a brief survey of the diverse geography,
economy, and renewable resource quality of California,
Texas, and Germany (infra I1.) followed by an overview of
the electricity markets in the three jurisdictions (infra IIL.).
This background information sets the stage for a discussion
of each jurisdiction’s deployment experience to date

(infra 1V.) and the policy drivers behind it (infra V.). A
comparison of the deployment successes and challenges

as well as the underlying policy choices across all three
jurisdictions allows us to dispel popular myths and

o o
=
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misconceptions, identify best practices, and offer insights for
the sustainable and sustained build-out of renewable energy
in the United States and elsewhere (infra VI.). In recognition
of every jurisdiction’s unique combination of resource,
technology, market, and policy factors, we refrain from

issuing universal policy recommendations.

Il. Geography, Economy, Resource
Quality, and Cost Characteristics

California is the most populous state in the U.S. with a
population of nearly 39 million as of 2014 spread over

an area of 155,779 square miles.”> Home to a population

of approximately 27 million, Texas is the second most
populous state while covering the largest area of any state

in the contiguous U.S. at 261,232 square miles."”® Smaller in
surface area than either California or Texas, Germany covers

137,903 square miles yet is home to over 80 million people.™*

In terms of the size of their economies, Germany ranks 4th
among nations globally with a 2014 GDP of $3.73 trillion."®
California and Texas, if they were independent countries,
would rank 8th (2014 GDP of $2.31 trillion'®) and 12th
(2014 GDP of $1.65 trillion'”) respectively.

ATale of Three Markets: Comparing the Solar and Wind Deployment Experiences of California, Texas, and Germany



Based on average global annual solar irradiance on a
horizontal level, the mean solar resource quality of California
(178 kWh/ft?) and Texas (171 kWh/ft?)*® is significantly
higher than that of Germany (98 kWh/ft?)'* (See Figure I).

Remarkably, solar PV installations in Germany have a
levelized cost of electricity (LCOE) similar to those observed
in California and Texas — despite the country’s significantly
poorer solar resource (See Figure 2).*In fact, Germany’s
range of LCOE for solar PV (10.4-18.9 $cents/kWh) was
only slightly higher than that of the U.S. southwest, including
California (9.1-17.6 $cents/kWh) and marginally lower than
that of Texas (10.4-19.5 $cents/kWh).*! At a time when solar
panels, inverters, and other hardware trade at similar prices
across the globe, Germany’s surprisingly competitive LCOE
numbers point to other factors at play than hard costs alone
(See infra Section VIL.1).

Figure 2: Range of LCOE (2013°) - Solar PV
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Figure 3: Range of LCOE (2013¢) - Onshore Wind
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In terms of onshore wind resource quality, California

and Texas again beat Germany, albeit by a considerably
smaller margin than for solar resource quality. At 80m
above ground, average wind speeds at typical onshore wind
siting locations are highest in Texas (5-10 m/s), closely
followed by California (4-10 m/s) and Germany (4-8 m/s).?
Compared to their relatively similar onshore wind resource
endowment, the spread across the three jurisdictions widens
somewhat for LCOE numbers® with Texas (5.1-7.4 $cents/
kWh) showing the lowest cost range followed by Germany
(5.9-14.2 $cents/kWh) and the U.S. southwest, including
California (6.4-9.5 $cents/kWh) (See Figure 3).In light

of globally declining hardware prices and related advances
in all three jurisdictions, 2013 LCOE numbers no longer
accurately reflect today's cost of generating electricity from
solar PV and onshore wind. With more recent LCOE data
not yet available for Germany, however, 2013 numbers offer
the most up-to-date basis for an apples-to-apples LCOE
comparison between all three examined jurisdictions.

a It should be noted that the surprising similarity of LCOE numbers may, in part, be the result of differing assumptions
underlying the two cited studies. At the same time, differing assumptions, e.g., as to the cost of capital, may represent
actual differences between regions. Importantly, both studies appear to adhere to the prevailing methodology for
calculating LCOE, as described in greater detail at Nat’l Renewable Energy Lab., SAM Help - Levelized Cost of Energy (LCOE),
NREL.cov, https://www.nrel.gov/analysis/sam/help/html-php/index.htm[?mtf_lcoe.htm (last visited July 26, 2015). The
spread of LCOE ranges in both studies reflects the inclusion of a variety of project sizes (small-scale to utility-scale),
project sites, and other project-specific parameters. Finally and importantly, both studies depict LCOE ranges before

consideration of applicable tax benefits.

b At the time of writing, 2014 solar PV LCOE numbers were not yet available for Germany. An apples-to-apples

comparison, therefore, requires the use of 2013 numbers. As expected, solar PV LCOE numbers continued to decline
through 2014 in California and the southwest (7.9-16.8 Scents/kWh) and in Texas (9.0-18.6 Scents/kWh). See Lazaro,
Lazard’s Levelized Cost of Energy Analysis - Version 8.0, at 8 (2014), available at http://www.lazard.com/media/1777/

levelized_cost_of_energy_-_version_80.pdf.

¢ At the time of writing, 2014 onshore wind LCOE numbers were not yet available for Germany. An apples-to-apples
comparison, therefore, requires the use of 2013 numbers. As expected, onshore wind LCOE numbers continued to decline
through 2014 in California and the southwest (5.5-8.1 $cents/kWh) and in Texas (4.3-6.1 Scents/kWh). /d.
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ll. Electricity Market
Fundamentals

Since the 1990s, electricity markets in California, Texas,

and Germany have experienced differing degrees of
liberalization. In response to the European Commission’s
directive 96/92/EC, Germany unbundled its electricity
market to separate generation from transmission and
distribution assets.?* Today, four Transmission System
Operators (TSOs) and over 800 Distribution System
Operators (DSOs) manage and operate Germany’s electricity
grid under the supervision of the Federal Network Agency.”
Around the same time as Germany’s unbundling, the Public
Utility Commission of Texas (PUCT) used its rulemaking
authority to turn ERCOT into the United States’ first
unbundled transmission and, eventually, distribution
network serving 90% of Texas load.* In the wake of the
Federal Energy Regulatory Commission’s (FERC) Order
No. 888, California also unbundled most of the state’s
transmission assets in 1998 to create the CAISO, managing
and operating 80% of California’s transmission grid.”” Unlike
in Germany and Texas, however, California’s distribution
networks continue to be owned and operated by the

state’s utilities.?®

California, Texas, and Germany all operate wholesale market
exchanges for spot and forward electricity trades,* but
reliance on these exchanges is minimal. In CAISO, 97% of
electricity is traded in bilateral transactions outside of the
state’s market exchanges.*® Similarly, 94-96% of ERCOT’s
load is served based on bilateral, over-the-counter trades
outside of market exchanges with trades ranging from one-
day deals to multi-year, long-term transactions.’® Closely
behind, 93% of Germany’s electricity is traded in bilateral,
over-the-counter transactions.” ERCOT’s service territory
is divided into four bidding zones and CAISO into three
bidding zones, while Germany consists of a single unified
bidding zone.* Both CAISO and ERCOT have begun
moving toward “locational marginal pricing” to better
account for and, ultimately, remedy bottlenecks in their
electrical grids.**

Retail electricity rates in California are still subject to
cost-of-service regulation by the California Public Utilities
Commission (CPUC).* In contrast, Texas and Germany

have both introduced competition among retail providers of
electricity’ albeit with vastly differing effects on consumer
retail choice. More than 90% of ERCOT’s retail electricity
customers have switched providers compared to fewer than

10% of retail customers switching in Germany.”’

IV. Solar PV and Onshore Wind
Deployment in Numbers

Over the past two years, California, Texas, and Germany
have all celebrated milestones in terms of market penetration
of solar PV and onshore wind. CAISO logged a maximum
instantaneous generation share of solar PV and onshore
wind accounting for 26% of system-wide load one Saturday
afternoon in April 2014.% The same year, ERCOT covered

a record 38% of its system-wide load with wind-generated
electricity in the early hours of one March morning.*
Leading the pack, Germany’s instantaneous generation
share from solar PV and onshore wind peaked at 71% on a
particularly sunny and windy afternoon in June of 2013.%
More than mere snapshots, these numbers speak to both the
considerable deployment progress to date (infra 1.) and the
diverse implications of the large-scale build-out of solar PV
and onshore wind power assets for the energy economies of

California, Texas, and Germany (infra 2.).

1. Deployment Progress to Date
At the end of 2014, California was home to 6.4 GW of

onshore wind generation capacity and 4.6 GW from solar PV,
accounting for 8.1% and 5.9%, respectively, of the state’s total
electricity generation capacity of 79 GW.*! Of the 4.6 GW

of installed solar PV capacity, customer-owned distributed
solar PV resources provided approximately 0.3 GW of that
capacity. In 2014, onshore wind contributed 12,908 GWh or
6.5% and solar PV 8,741 GWh or 4.4%, to California’s total
in-state generation of 198,000 GWh (See Figure 4).*> We
note, however, that because the approximately 0.3 GW of
California’s distributed solar PV capacity is customer-owned
and located “behind-the-meter”, data regarding electricity
generation from this source is not readily available. Overall,
natural gas continued to dominate California’s electricity

generation mix in 2014 accounting for 61%.*

10 ATale of Three Markets: Comparing the Solar and Wind Deployment Experiences of California, Texas, and Germany



Figure 4: Solar PV and Onshore Wind Capacity and Generation - California
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Figure 5: Onshore Wind Capacity and Generation - Texas (ERCOT)
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Figure 6: Solar PV and Onshore Wind Capacity and Generation - Germany

GWh
60,000

50,000

40,000

I I 30,000
20,000
l 10,000

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014>
[l Wind Capacity [GW] Solar Capacity [GW] = Wind Generation [GWh] Solar Generation [GWh]

Source: EWI & Steyer-Taylor Center; Data Provided by BMWi & AGEE

Felix Mormann, Dan Reicher, and Victor Hanna

-

11



uuuuuuuuuuuuuuu

-

In Texas, ERCOT had 11 GW of onshore wind and close to
0.4 GW of solar PV capacity, accounting for 13.2% and 0.5%,
respectively, of ERCOT's total electricity generation capacity
of 83.1 GW in 2014.* Texas wind generators contributed
36,000 GWh or 10.6% to ERCOT’s 2014 aggregate in-state
electricity generation of 340,000 GWh (See Figure 5).* The
tiny build-out of Texas solar PV capacity likely reflects
several policy and market factors discussed below.? Overall,
ERCOT generates most of its electricity from natural gas
(41%) and coal (36%).°

At the end of 2014, Germany’s installed wind capacity
totaled 40.5 GW, while solar PV capacity amounted to 38.2
GW.*” Unlike California and Texas, Germany’s wind power
portfolio includes a growing number of offshore wind
installations, delivering 1,300 GWh in 2014.* In terms of
generation, onshore wind generators delivered nearly 55,000
GWHh (8.9%) and solar PV provided 35,000 GWh (5.7%) of
Germany’s total 2014 electricity output of 614,000 GWh.*
The substantial difference in generation (GWh) between
wind and solar in Germany, despite almost identical capacity
numbers (GW), reflects the relatively low quality of the
German solar resource, which has been likened to that

of Alaska.*® Overall, the single largest source of German
electricity generation is lignite (25%) followed by coal
(18%) and nuclear (16%).%!

2. Energy Economy Implications

The large-scale build-out of solar PV and onshore wind
generation affects local energy economies in a variety

of ways. The most prominent and, in some cases, most
controversial implications relate to the stability of the
electrical grid (infra a.), electricity rates (infra b.), and job
creation (infra c.).*

a. Grid Stability

The electrical grid’s stability is commonly measured by

the System Average Interruption Duration Index (SAIDI)
that denotes the average interruption time of service to
consumers in the low- and medium-voltage grid as a result

of causes other than “major events” For 2013, California’s

Figure 7: SAIDI - California, Texas, and Germany
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three large investor-owned utilities (IOUs) reported an
average SAIDI of 90 minutes,” while Texas utilities posted
an average SAIDI of 128 minutes.”* Germany, meanwhile,
reported a SAIDI of just over 15 minutes® — despite having
the highest capacity and generation shares of intermittent
solar PV and onshore wind power of all three jurisdictions
(See Figure 7). Together, these numbers cast doubt on
frequently raised concerns that high penetration levels of
intermittent renewables inevitably threaten the stability of

the electrical grid, as discussed in further detail below.!

b. Electricity Rates

In California, the 2014 average wholesale¢ price of electricity
in CAISO’s day-ahead market was 4.7 $cents/kWh.*
Residential customers paid on average 16.3 $cents/kWh
while industrial customers were charged average rates of 11.9
$cents/kWh.”

In Texas, 2014 wholesale prices for electricity averaged 3.8
$cents/kWh on ERCOT’s day-ahead markets.*® At the retail
level, residential customers were charged average rates of
11.8 $cents/kWh while industrial customers paid on average
6.2 $cents/kWh.”

d See discussion infra Section VI.4.

e It should be noted that the definition of “major events” varies slightly across jurisdictions. All three jurisdictions
exclude earthquakes, major storms, and similar natural disasters from their SAIDI reporting but differ slightly in the
threshold requirements for such “major events.” See Cal. Pub. Util. Comm’n, Commission Order Instituting Investigation
Into the Rates, Charges, Service and Practices of Pacific Gas & Electric Company, Decision No. 96-09-045, Appendix A
(Sept. 4, 1996), available at http://docs.cpuc.ca.gov/published//FINAL_DECISION/5285.htm (California); P.U.C. Subst. R.
§25.52(c)(2)(D) (2012) (Texas); BUNDESNETZAGENTUR, infra note 25, at 41 (Germany).

f See discussion infra Section VI.2.

g This paper follows the Federal Power Act’s definition of wholesale electricity as the “sale of electric energy to any
person for resale” as distinguished from the retail sale of electric energy to end users. See 16 U.S.C. §824(d) (2012).
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Figure 8: 2014 Wholesale, Residential Retail, Industrial Retail Rates - California, Texas, and Germany
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The average wholesale price of electricity traded on
Germany’s day-ahead markets was 3.3 €cents/kWh (4.2
$cents/kWh) in 2014.°° Meanwhile, retail rates charged to
residential consumers, including levies to finance Germany’s
renewable energy support scheme, averaged 29.1 €cents/
kWh (37.2 $cents/kWh), while non-exempt industrial
customers paid 15.3 €cents/kWh (19.5 $cents/kWh) on
average.® In contrast, electricity-intensive German industrial
customers, such as large-scale chemical, steel, and paper
industries, that have been exempted from renewable energy
levies, paid approximate average electricity rates of only 4.4
€cents/kWh (5.6 $cents/kWh) (See Figure 8).* When viewed
in their proper context, as discussed below, these numbers
speak less to the cost of Germany’s Energiewende than to
broader, macroeconomic differences between the energy
markets of Europe and the United States. They also reflect
deliberate pricing choices made by German policymakers
with serious implications for rates, especially in the
residential context.”

c. Job Creation

Proponents of the large-scale build-out of solar PV, onshore
wind, and other renewables like to point to the positive
employment impacts of renewable energy deployment.
Indeed, a recent study suggests that solar PV has the

potential to support as many as 1.42 full-time job-years

Residential
M Texas

Source: Steyer-Taylor Center; Data Provided by EIA, SNL Financial, ERCOT, & EPEX SPOT

Industrial
M Germany

per GWh of generation, while wind can provide up to 0.26
full-time job-years per GWh.®* By comparison, coal and
natural gas are both estimated to provide about 0.1 full-time
job-years per GWh of generation.* Relative to investment
dollars, another study estimates that solar PV and onshore
wind power create 9.5 and 9.8 full-time jobs, respectively,
per $1 million of investment.®® For the same money, oil and
natural gas are expected to deliver 3.7 jobs, while coal is
expected to support 4.9 full-time jobs.*

While the numbers above are based on theoretical
modeling, the empirical evidence - albeit reported, in part,
by interested parties — supports the positive employment
effects induced by solar PV and onshore wind deployment.
According to the Solar Foundation’s Solar Census Report,
California leads the United States in solar jobs, with nearly
55,000 workers reported for 2014 across the solar PV, solar
heating, and concentrated solar power industries.”” The
American Wind Energy Association, meanwhile, estimates
that wind energy, directly and indirectly, supported 2-3,000
California jobs in 2014.%

Reflecting Texas® strong onshore wind industry, the
American Wind Energy Association estimates that wind
energy employed 8-9,000 Texans during 2014.% The Solar
Foundation reports nearly 7,000 Texans working for the
solar industry in 2014.”° Despite Texas’ modest solar PV

h See discussion infra Section VI.5.
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Figures 9 & 10: Solar PV and Onshore Wind Jobs - California, Texas, and Germany
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deployment numbers to date, most of these jobs appear to be
supported by the solar PV industry.”

With 2014 job data yet to be released, Germany’s Ministry
for Economic Affairs and Energy estimates 56,000 Germans
were employed by the solar PV industry in 2013.”> The
onshore wind industry, meanwhile, is estimated to have
supported 119,000 domestic jobs (See Figures 9 & 10).7

V. Policy Drivers

California, Texas, and Germany have achieved their
respective deployment numbers for solar PV and onshore
wind power through a diverse mix of policies. The following
sections survey the primary policy drivers in the three
jurisdictions (infra 2.-4.). In the case of California and
Texas, state-level policies are complemented by federal
policies to promote the nationwide build-out of renewable
energy infrastructure (infra 1.).

1. U.S. Federal Tax Support for Renewable
Energy Deployment

Renewable energy deployment in both California and
Texas relies heavily on federal tax incentives, such as tax
credits and accelerated depreciation rates. Sections 48 and
25D of the Internal Revenue Code (IRC) award eligible
solar PV assets investment tax credits (ITC) worth 30%
of qualifying capital expenditures.” Under section 45

14

IRC, eligible onshore wind power assets earn an inflation-
indexed production tax credit (PTC) for power produced
and sold to the grid during the first 10 years of a facility’s
operation.” The PTC was worth 2.3 $cents/kWh at the end
of 2014.7 Federal tax credit support for solar, wind, and
other renewables has been subject to frequent modifications,
extensions, occasional lapses, and eventual renewals.”” Most
recently, the wind PTC was allowed to expire at the end

of 2014 after a retroactive extension in December of that
same year.”® A possible renewal remains hotly contested.
The solar ITC is facing a similar fate. The section 25D ITC
for residential solar installations is scheduled to expire on
January 1, 2017.7° That same day the section 48 ITC for
commercial solar installations is slated to phase down from
30% to 10%.* Besides tax credits, both solar and wind
energy assets benefit from accelerated depreciation rates as
five-year properties under the Modified Accelerated Cost
Recovery System (MACRS),*" allowing taxpayers to deduct
the entire depreciation allowance of their renewable power
asset in only five years rather than over the 20+ years of the

asset’s useful life under default depreciation schedules.®

2. California’s Renewable Energy Policy
Since 2003, California has used a Renewable Portfolio
Standard (RPS) to promote the build-out of solar PV,
onshore wind, and other renewables. An RPS requires®
electric utility companies to source a certain share of the

ATale of Three Markets: Comparing the Solar and Wind Deployment Experiences of California, Texas, and Germany



electricity they sell to end-users from solar, wind, and other
renewable sources of energy.® Utilities prove compliance
with these requirements through Renewable Energy

Credits (RECs).* Eligible power plant operators receive one
such REC for every megawatt hour (MWh) of electricity
generated from renewable resources.* Independent power
producers can sell these RECs to utilities in order to earn

a premium on top of their income from power sales in the
wholesale electricity market. As an alternative to buying
REC:s, utilities can also invest in their own renewable

power generation assets to earn RECs for the electricity
they produce. Whether utilities choose to earn their own
RECs or purchase them from others, they eventually pass
the associated costs on to their ratepayers.*” The current
version of California’s RPS gradually increases the annual
percentage of electricity to be sourced from renewables so
that by December 31, 2020, 33% of the state’s retail sales of
electricity must come from renewable resources other than
large hydropower facilities.®® California has made significant
progress toward meeting the 2020 target.* In January
2015, California Governor Jerry Brown announced a new
renewables target of 50% by 2030.”° The CPUC has current
authority to implement this target as an expansion of the
current RPS without further legislation for the state’s IOUs.”!
In February 2015, a bill was introduced in the California
Assembly to extend the 50% target to publicly owned electric
utilities and address related matters.”

California uses four other noteworthy policy tools to help
achieve its RPS targets. First, a market-based reverse-
auction mechanism (RAM) aims to drive the development
of 1,300 MW of system-side, distributed generation (DG)
projects 3-20 MW in capacity through oft-take agreements
with California’s three largest IOUs.”” Second, a feed-in
tariff (FIT) allows smaller renewable power generators up
to 3 MW in capacity to execute a standard offer contract

to sell their output to local utilities for a period of 10, 15,
or 20 years.”* FITs are two-pronged policy instruments for
the promotion of renewables’ large-scale deployment.”
The “feed-in” element guarantees renewable electricity
generators the right to connect to the power grid. The
“tarift” element requires local utilities to purchase the power
that these generators feed into the grid at above-market
rates for an extended period of time.” Utilities then pass

the excess, above-market cost of their tariff payments on

to their ratepayers, usually in the form of a levy or other
surcharge. California’s current FIT is capped at 750 MW
with rates based on a renewable market adjusting tariff
(ReMAT) mechanism designed to adjust the FIT price

for periods according to market interest in order to either
stimulate or curb demand.”” Third, the California Solar
Initiative (CSI) seeks to promote 1,940 MW of behind-the-
meter, distributed solar PV capacity by offering incentives
to customers of IOUs or public utilities with more than
75,000 customers.”® Fourth and finally, California requires
its utilities to offer 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.”” In acknowledgment of the NEM program’s
significant progress, the California legislature 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.'®

3. Texas’ Renewable Energy Policy

Texas has also used an RPS to promote the build-out of
renewable power generation capacity.'” Since its inception
in 1999, Texas’ RPS program has been expanded'® to

now require that the state attain 5.88 GW of installed
generating capacity from RE technologies by January 1,
2015, and 10 GW by January 1, 2025, with the non-binding
goal that 500 MW of RPS-eligible capacity installed after
September 1, 2005, come from resources other than wind.'®
Strong wind deployment has allowed Texas to exceed both
the 2015 and 2025 targets well ahead of schedule,'* 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 deployment.!

In order to ensure sufficient transmission infrastructure

to deliver new renewable power capacity from remote,
resource-rich parts of Texas to the state’s load centers, the
state legislature directed the PUCT to identify Competitive
Renewable Energy Zones (CREZs) with favorable resource
conditions and plan for transmission capacity to deliver
renewable electricity generated in CREZs to customers

105

in the most beneficial and cost-effective manner.

Development of transmission capacity was accelerated by

i See discussion infra Section VI.4.
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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 convenience and necessity for a
transmission project intended to connect a CREZ to Texas
load centers.' As of July 2014, 168 CREZ projects adding
more than 3,500 miles of transmission lines had been
completed at a total cost of approximately $6.8 billion.'””
The CREZ program has been credited as instrumental in
reducing wind energy curtailment in Texas from 17% in
2009 to 1% in 2013.'%%

4. 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.'%
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.’'® 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 respective generation costs of eligible renewable
energy technologies, aiming to provide developers and
investors with return rates of approximately 8%.''" 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 learning
and cost improvements. In addition, the German parliament
has amended the Renewable Energy Sources Law on several
occasions 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.''?
Other noteworthy modifications include incentives for
renewable power generators to sell their electricity in the
open market instead of under the FIT,!"* the transition to
dynamic tariff degression rates that automatically adjust
upward or downward according to the tariff’s deployment
success,'* and the introduction of a cap for FIT support for
solar PV at 52,000 MW of installed capacity.'®

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."¢ It remains to be seen whether the
same trend will hold true for the Energiewende’s extremely
ambitious goal of meeting 80% of Germany’s electricity
demand with renewables by 2050.

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 has produced a range of
comparative insights. We here focus on some of the most
prominent and controversial themes of the renewable energy
debate, including the critical role of soft costs (infra 1.),

the relationship between intermittent renewables and grid
stability (infra 2.), competing approaches to balancing
intermittency (infra 3.), the importance of policy diversity
for a mixed portfolio of renewables (infra 4.), and the
implications of electricity price differentials between regions
(infra 5.). 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 renewables — on both sides of the Atlantic.

“Germany happens to be the wrong
place for solar, but they did it

1. Favorable Treatment of Soft-Cost
Factors Translates to Hard Savings

Germany’s LCOE numbers 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 almost twice as high as Germany? Or,
as one expert put it: “Germany happens to be the wrong
place for solar, but they did it”'** How do German solar
developers manage to produce electricity at similar cost
levels to their California and Texas counterparts — despite

little more than half the sunshine?

j Seediscussion supra Section Il.
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TABLE 1: Renewable Energy Policy Drivers

Jurisdiction

Policy Driver

Mandate / Goal / Cap

Investment tax credit (solar)

—Residential
-Commercial

Production tax credit (wind)
Accelerated depreciation

Expires 1/1/2017
Dropsto 10% 1/1/2017

Expired 12/31/2014
Permanent

California

Feed-in tariff

Net energy metering

Governor’s renewables target *7
Renewable portfolio standard

Reverse auction mechanism

California solar initiative

50% by 2030 target
33% by 2020 mandate
1,299 MW cap

750 MW cap

1,940 MW by 2016 goal
5% of peak load cap

Renewable portfolio standard

Competitive renewable energy zones

10,000 MW by 2025 mandate
500 MW non-wind goal

Feed-in tariffs

Germany

80% by 2050 goal
52,000 MW solar cap

At a glance, the U.S.-Chinese 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.'"
Closer scrutiny, however, urges caution so as not to
overemphasize the effect of these tariffs on the transatlantic
LCOE comparison - for the following reasons: First, the
European Union quickly followed the U.S. 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.’* Second, only 31% of solar panels installed
in the United States in 2013 were imported from China.'?!
Third, and most importantly, continuous cost improvements
in manufacturing across the globe have reduced the share of
solar panels — regardless of their origin - in overall system

costs to well below 50%.'%

With the cost of solar panels and other hardware accounting
for an ever smaller share of overall system costs, the
surprising similarity in solar PV LCOE values among
California, Texas, and Germany 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 renewable

energy policies of some countries to deliver up to four times
the average deployment of other countries, despite offering
only half the financial incentives.'” The same dynamics
would help explain why Germany’s LCOE numbers for solar
PV are similar to those of California and Texas — despite

the country’s considerably poorer solar resource quality.
Thus, financing costs for solar PV projects in Germany are
reported to range from 4.4% to 4.8%'** compared to 9.6%

in the United States.’” And the transatlantic gap in cost of
capital grows even wider when factoring in the current U.S.
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 highly profitable firms who can use a developer’ tax
benefits to offset tax liabilities from other sources.'”® These
“tax equity investors” use their exclusivity to exact high
rates of return for their investment in renewable energy,'?’
reportedly raising the cost of financing by up to 800 basis
points compared to commercial debt and adding up to $40
per MWh to the cost of generating renewable electricity.'*
These financing charges alone could raise the production
costs for renewable electricity above the average wholesale
rates of states like Texas (38 $/MWh).* In contrast, direct
financial support for renewables through Germany’s FIT has
invited well over one hundred institutional and thousands

k See discussion supra Section IV.2.b.

Felix Mormann, Dan Reicher, and Victor Hanna 17




-

of retail investors to help finance the build-out of solar PV,
onshore wind, and other renewables, offering a compelling
explanation for the significantly lower financing charges

observed in Germany.'*

The U.S. 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
processes.'* A recent study offers empirical support for the
industry’s criticism, finding that permitting, installation,

and other soft costs, excluding financing, add up to 23%

to the overall cost of residential solar PV systems.”*! Not
surprisingly, the U.S. solar industry 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.*

One expert stakeholder
suggested that this cost advantage may also be the result of
Germany’s higher population density and the country’s more
qualified workforce allowing German installers to “hit three
houses in a row with much less time spent on German roofs

than U.S. roofs”!*

2. 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”*** A look at Germany’s SAIDI numbers casts

serious doubt on such warnings.

“There’s a perception that if we go
to higher renewables the grid might
collapse. The German grid shows
that’s not the case.”

From 2006 to 2013, Germany tripled the amount of
electricity generated from solar and wind to a market share

of 26%,"* while managing to reduce average annual outage

times in its grid from an already impressive 22 minutes to
just 15 minutes.' California, 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 a joint market share of
8%.%%¢ 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%."” In the words
of one expert stakeholder: “There’s a perception that if we go
to higher renewables the grid might collapse. The German

grid shows that’s not the case”**

- as does California’s grid,
at least for now. And Texas, with a massive increase in

wind generation, seems to have managed outage risk in a
reasonable fashion to date. Several recent studies confirm
our observation that greater penetration of intermittent
renewables may require greater grid management efforts but

need not come at the expense of grid stability.'*

3. Regulatory Approaches and
Market Solutions to Balancing
Output Intermittency

Germany’s impressive grid stability statistics should not

be misconstrued as a sign that an electrical grid with a
significant share of renewable energy is easy to operate.
Indeed, Tennet TSO, Germany’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 2013.4
Analysts have long acknowledged the need for fast-ramping,
easy-to-dispatch power to keep the grid in balance when
power production from solar, wind, and other non-
dispatchable, intermittent renewable generation suddenly
drops off.!! 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 upon sunset and
require replacement with fast-ramping, back-up capacity, as
illustrated by California’s highly publicized “duck chart”.!*

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

| See discussion supra Sections IV.1, IV.2.a.
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California’s IOUs to procure a total of 1,325 MW of grid-
level energy storage by 2020.'** Other electricity providers
were required to procure storage capacity worth 1% of
their annual peak load.'** 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.'** In contrast to
California’s initial regulatory mandate, Germany has relied
on its electricity markets to deliver a solution to the need for
balancing the intermittent output of the country’s growing
fleet of solar and wind power generators. As the share of
intermittent renewables continues to increase, Germany’s
balancing 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.'*
With the balancing market several orders of magnitude
more lucrative than the wholesale electricity market,™

many have sought to enter or increase their presence,
including Germany’s incumbent utilities and, remarkably,
some renewable energy entrepreneurs.'*” Perhaps the most
notable, Next Kraftwerke, has combined 570 MW of solar,
wind, hydro, and biomass-powered cogeneration capacity
to create a virtual power plant that bids, among others,

over 170 MW of fast-ramping, partly instantaneous backup
capacity into the German balancing market.'* In the same
vein, incumbent utilities have begun to retrofit their coal-
fired power plants to allow for faster ramping in response

to load changes.'* Entrepreneurial innovation and greater
competition among suppliers offer an explanation why the
aggregate cost of Germany’s grid management measures
has gone down by 25% from 2009 to 2012"° — despite

the dramatic increase in balancing interventions from

grid operators. 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 integrating ever-higher shares of

intermittent renewables.

4. The Importance of Policy Nuance and
Diversity for a Mixed Renewables Portfolio
The energy policy literature has long argued that a mixed

portfolio of various renewable energy technologies requires

diverse and tailored policy support to address the specific
needs of solar PV, onshore wind, and other renewables."!
Mindful of the considerable differences in maturity and cost
across renewable energy technologies, the International
Energy Agency calls on policymakers “to tailor policies and
incentives to bring forward the specific technologies required
rather than using a technology-neutral approach.”’*> 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 between the two technologies, including
LCOE numbers that have been over 50% higher for solar PV
than for onshore wind.” California 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 solar, wind, or
any other renewable resource, awarding one REC each per
MWh of electricity generated from eligible renewables.'>
Such a technology- and scale-neutral policy instrument

is likely to create a market primarily, if not exclusively, for
the then-current least cost renewable energy technology at
utility-scale.** Mindful of these dynamics, California has
flanked its RPS with a suite of more tailored, 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.® The result
of this policy potpourri is a diverse portfolio of renewables in
California’s electricity mix, including but not limited to solar
PV and onshore wind.?

At a glance, Germany may appear to employ a less tailored
policy approach than California to promote renewables.
After all, most reports on German renewable energy policy,
including our own,? 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 feed-in tariffs custom-tailored to address the
needs of over ten distinct renewable energy technologies and

m See discussion supra Section IV.2.b.
n See discussion supra Section Il.

o See discussion supra Section V.2.

p See discussion supra Section IV.1.

q See discussion supra Section V.4.
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Figure 11: Drivers of Germany’s 2014 Residential
Electricity Rates

Feed-In Tariff Levy
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Source: Steyer-Taylor Center; Data Provided by BDEW
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applications while also accounting for differences in size,
location, etc.”®® 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.”

Compared to both California and Germany, Texas uses a
relatively straightforward, less nuanced policy approach

to promote solar PV and onshore wind. The Texas RPS

is, at its core, as technology-neutral as the California

RPS, requiring only that 10,000 MW of renewable power
generation capacity be deployed by 2020.° In keeping with
the literature’s tenet that technology-neutral policies tend to
promote primarily the least-cost technologies,'* the Texas
RPS, supported by the CREZ program that has stimulated
significant transmission development, has been highly
successful at promoting onshore wind but has driven very
little deployment of more costly solar PV capacity. 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." 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
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NEM program'’ or San Antonio’s solar rebate program.” 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 diverse and tailored policy support.

5. Putting Electricity Costs in Perspective

Perhaps the single most frequent point of criticism
regarding the German Energiewende relates to its impact on
electricity prices."”” Indeed, German residential customers
pay more than twice as much for their electricity as
California residents and three times as much as their Texas
counterparts.” These impressive price differentials 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
difference between Germany’s residential retail electricity
prices and those in California and Texas is due to costs
imposed by the German 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.'®
As such, the FIT levy was only the fourth largest driver of
residential power pricing, behind energy procurement costs
(25%), applicable taxes (23%) and grid-related charges (23%)
(See Figure 11)."! Germany’s energy procurement costs are
driven, in large part, by rising natural gas prices in Europe
where cheaper U.S. gas is not available. From 2006 to 2013,
prices for natural gas at the main trading hub in Germany
increased by more than a third from 7.85 $/MBTU to 10.72
$/MBTU, while prices at the U.S. benchmark Henry Hub
decreased by 45% from 6.76 $/MBTU to 3.71 $/MBTU as
significant new American production of natural gas occurred
with the advent of large-scale hydraulic fracturing of shale
formations.'®>

Second, a significant portion of Germany’s FIT levy stems
from “legacy costs” incurred in the early stages of the
country’s renewable energy build-out when the tariff for
solar PV, for example, exceeded 60 $cents/kWh in the early
2000s.'* And with a FIT duration of 20 years, these costs will

See discussion supra Section IV.1.
See discussion supra Section V.3.

See discussion supra Section V.3.

r
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t See discussion supra Section IV.1.

u

v See discussion supra Section IV.2.b.
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be with German ratepayers for many years to come. These
legacy costs were further increased when, due to the FIT’s
inability to keep up with plummeting prices for solar panels,
new capacity installations reached record highs in 2010 and
2011 - at elevated and locked-in tariff levels.!®* 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.'*®
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 oversupply helped drive down
solar PV prices.!*® Another stakeholder went even further
stating that “[w]e owe a debt of gratitude to Germany to help

get those economies of scale up for solar”’¢

“We owe a debt of gratitude to
Germany to help get those economies
of scale up for solar”

Third, the German parliament deliberately chose to impose
most of the financial burden caused by its FIT on residential,
rather 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.'*® Despite using 25% of Germany’s electricity,
these exempt companies pay only 2% of the overall cost

of the FIT levy.'*® The international competitiveness 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 less to more expensive. Financed
through market-independent FIT payments and enjoying
statutory dispatch priority, the growing share of renewable
power generators continues 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."° Together, these dynamics offer an explanation why
exempt industrial customers in Germany pay significantly
lower electricity rates than their California counterparts and

only slightly more than industrial ratepayers in Texas."

Figure 12: Average Monthly Household
Electricity Bills
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*Based on 2014 retail electricity rates and historic monthly
average consumption data.

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.'”
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.'” Following a gradual
decline in recent years, German households consume under

173 _ ]ess than half as much as

260 kWh per month on average
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).'”* Based on 2014
electricity prices,* 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 also helping to
keep residential electricity bills affordable (See Figure 12).

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 U.S.
renewables deployment - 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

w See discussion supra Section IV.2.b.
x See discussion supra Section IV.2.b.
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high as Germany’s FIT levy, assigning the cost of federal

tax credits and accelerated depreciation rates to those U.S.
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 recommend).

The above clarifications do not seek to deny the fact that
electricity prices in Germany are significantly higher than in
the United 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 reminds us that Germany’s FIT
levy is but one factor among many that make up Germany’s
cost differential with California and Texas, 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
design that could’ve been done better, [there is] a lot more
good than bad in that story”'”

VII. Conclusion and Outlook

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 contextualize and clarify some of the most prominent
(and controversial) themes in the transatlantic renewables
debate, including soft costs, grid stability, intermittency,
policy tailoring, and electricity costs. 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,
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 policy-making and market
mechanisms on both sides of the Atlantic.
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