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Abstract —

We estimate the impact of a feed-in tariff for renewable power on wind power investment
in Germany at the county level from 1996-2010 controlling for windiness and access to the
electricity transmission grid. After the Renewable Energy Law (EEG) was passed in 2000, the
feed-in tariff became linked to wind power potential, such that more windy locations received
a lower incentive per unit of output. We find that a 1 e-cent/kWh increase in the feed-in tariff
rate would increase additions to capacity at the national level by 764 MW per year from 1996-
2010 or 1,528 MW per year from 2005-2010. We analyze counterfactual scenarios, in which a
uniform incentive is offered instead of the wind-dependent EEG incentive. Significantly more
wind power plants are installed along the northern coastal counties in the uniform incentive
scenario. We find that while the uniform incentive results in greater total wind power output
per installed capacity, the EEG is ultimately more efficient by achieving 1% greater wind
power output per euro and 3.7% greater reductions in power sector emissions per euro. In
addition, we find a significant response from investors to an EEG provision that shifted the
cost of transmission system upgrades from wind power developers to grid operators in 2000.
The lack of a signal on scarcity of transmission capacity has likely resulted in a distribution
of wind power plants that makes suboptimal use of existing infrastructure, necessitating
investment in new transmission corridors.
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1 INTRODUCTION

RENEWABLE POWER in Germany enjoyed broad public support when a feed-in tariff for re-
newables was instituted in 1991. Industry response to the feed-in tariff was strong with

installed wind power capacity growing nearly three-hundred-fold from 0.1 GW in 1991 to 29.1
in 2011. Supporting renewables and promoting energy efficiency are part of a broader energy
policy, the Energiewende or transformation of the energy system, which includes phasing out
nuclear power by 2022.

With the Energiewende Germany has become a global player in the green technology sec-
tor. The motivations behind the Energiewende are not only economic. According to BMU
[2013] there is a popular consensus that Germany has an ethical and cultural obligation to
show the world that economic competitiveness can be reconciled with sustainable develop-
ment in a leading industrial nation. Despite this basic public support for the Energiewende,
criticism is mounting as renewable penetration in the grid increases. Companies threaten to
relocate operations outside of Germany, citing rising energy costs. Citizens complain about
wind turbines and transmission lines located close to their homes. Electricity experts see
an increasing risk of blackouts as investment in transmission infrastructure lags behind in-
vestment in renewable power. The European Union has investigated whether the feed-in
tariffs for renewable power and industry exemptions for paying them constitute illegal subsi-
dies. Economists and policymakers question whether the cost of supporting renewables has
outpaced the benefit of reduced emissions and whether subsidizing renewable power makes
sense after the inception of the European Union emissions trading scheme (ETS) in 2005.

The Energiewende had humble beginnings. Shortly after reunification of West and East
Germany, the Law on Feeding Electricity into the Grid or Stromeinspeisungsgesetz (StrEG)
came into effect in 1991 to promote the production of renewable power through a feed-in tariff
(FIT) guaranteed over the first twenty years of the lifetime of the plant. The idea behind the
law was to support renewables to reduce emissions in the power sector (1) and to prevent
large electricity transmission companies from underpaying for electricity from small power
producers (2) [Berchem, 2006]. The success of the StrEG took industry and government by
surprise. Installed wind power capacity grew from 106 MW in 1991 to 4435 MW in 1999. In
2000, the German government passed the Renewable Energy Law or Erneuerbare Energien
Gesetz (EEG). It maintained the structure of supporting renewables with a 20-year FIT, but
clarified the allocation of interconnection costs and linked the level of the FIT to the windiness
of plant locations, such that less windy locations receive a higher FIT. This location-specific
FIT is an unusual component of the EEG that we investigate in our paper.

Despite continued public discussion of the Energiewende in general and renewable power
in particular, basic facts about the impact of these subsidies on wind power development in
Germany remain unexplored. Büsgen and Dürrschmidt [2009] review a 2007 progress report
on the EEG by the Federal Ministry for the Environment, Nature Conservation and Nuclear
Safety. They draw conclusions from estimates of the amount of electricity remunerated under
the FIT policy and the amount of emissions reductions, but they do not estimate the addition-
ality of the EEG - that is they assume no development of renewable power in the absence of
the EEG. Frondel et al. [2010] estimate the net present cost of EEG support for renewables
and provide a critique of the law, but they too do not account for additionality, nor do they
allow for a location-specific FIT in the case of wind power. Diekmann et al. [2008] provide
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a comprehensive analysis and critique of the EEG, focusing on the impacts on the economy
as a whole, specific industries, and the power sector. However, they too do not specifically
quantify the impact of the EEG on investment in wind power.

Several studies have focused on the co-existence of the EEG and ETS, since any emission
reductions achieved through the EEG in Germany would lead to a reduction in the ETS
permit price and a corresponding increase in emissions. Traber and Kemfert [2009] estimate
the impact of the EEG on electricity prices and emissions in the context of the ETS. They
decompose the effects of the FIT into a substitution effect, triggered by the replacement of
conventional by renewable sources, and a permit price effect induced via the ETS. They find
that the EEG caused German consumer prices to increase by 3%, producer prices to decrease
by 8%, and emissions to decrease by 11%. However, European emissions are reduced only by
0.5%, since other European countries increase emissions due to the FIT-induced drop in the
permit price. Frondel et al. [2010] come to a similar conclusion. Ideally, the ETS cap would
need to be adjusted according to the level of FIT support for renewables in member countries.

It has also become increasingly clear that the subsidies for renewable power have led
to a much higher than expected investment in renewables with a correspondingly higher
than anticipated cost. Büsgen and Dürrschmidt [2009] estimated that the cost of the EEG to
the consumer would peak at 1.5 cent/kWh around 2020, while in reality it has reached 6.24
cent/kWh in 2014.

This paper is the first study to quantify the effect of feed-in tariffs on additions to installed
wind power capacity across German counties from 1995-2010, building on a similar analysis
by Hitaj [2013] for the United States. The econometric analysis takes advantage of the fact
the feed-in tariffs in Germany have varied both over time and across counties, allowing us
to distill how great a portion of the expansion in wind power is due to the EEG as opposed
to other factors. Previous studies have ignored this issue of additionality. Control variables
include windiness, electricity transmission grid density, county GDP, population density, land
value, voting rates for the Green Party (to capture environmental consciousness), and tech-
nological advances in wind turbines.

We find that the StrEG and EEG FIT had a significantly positive effect on wind power
development. A 1 e-cent/kWh increase in the initial FIT rate would cause capacity additions
at the national level to increase by 764 MW per year over the study period of 1996-2010 and
1,528 MW per year in 2005-2010. While the importance of the level of the FIT increased over
time, the importance of ease of access to the electricity grid declined. We find that grid den-
sity has a positive effect on wind power plant installations only in 1996-1999. In 2000, the
EEG shifted the burden of transmission system upgrade costs from wind power developers to
grid operators, after which point grid density no longer has a significant effect on wind plant
installations. We also find evidence that the regulatory change in 2004 requiring locations
to meet a minimum windiness standard to remain eligible for the FIT had a significant ef-
fect, with ”just” eligible locations experiencing greater wind power investment than ineligible
counties.

Finally, our study allows us to further investigate a unique feature of the Renewable En-
ergy Law. Beginning in 2000, the level of the feed-in tariff varied across locations depending
on average wind speeds, such that less windy locations received higher subsidies per unit of
output. The revenue a wind power plant owner receives is equal to the product of output and
the FIT rate. As output increases with windiness, the FIT decreases as well by design. This
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means that revenue initially increases linearly with output and then gradually flattens out,
such that locations with medium and high levels of windiness receive the same amount of
revenue. This set-up induces a more uniform distribution of wind plants across the country
than under a non-varying FIT.

At first glance, providing higher incentives at less windy places seems sub-optimal. The
same amount of installed wind power capacity would produce a lower amount of power in
the uniform case than in the clustered case. However, less money is spent on subsidizing
investment in very windy areas, which might experience the same level of development with
a lower incentive. Whether the overall lower cost combined with the decrease in output
results in a larger or smaller output per euro is unclear a priori. In addition, power system-
level emissions rates vary across the country, and different distributions of wind power plants
result in different levels of emission reductions per euro.

Based on the estimates from the regression analysis, we analyze counter-factual scenar-
ios, in which a uniform national incentive is offered as opposed to the EEG incentive that
depends inversely on windiness. We demonstrate how the total capacity, power output, and
spatial distribution of wind plants differ across these scenarios, and also estimate their cost-
effectiveness. We find that the EEG performs slightly better than a uniform national incen-
tive in terms of cost-effectiveness, achieving a 1% greater power output from wind plants per
euro spent and a 3.7% greater emission reduction per euro spent than the equivalent uniform
incentive. The EEG would likely perform even better if transmission congestion were taken
into account, as congestion is more of an issue in areas with a high concentration of wind
power plants. Thus, we find that the cost savings from linking the FIT level to windiness
are substantial enough to make up for the associated reduction in output, though the overall
improvement in efficiency is only minor.

2 BRINGING WIND POWER ONLINE

Despite its small land mass, Germany was the world leader in installed wind power ca-
pacity until 2007, when it was overtaken by the United States and later China. In relative
terms Germany outperforms both countries, producing 7.4% of its electricity supply from
wind power plants in 2012 compared with 3.4% and 2% for the United States and China,
respectively [BMWi, 2013, EIA, 2013, BNEF, 2013].1

The German government has offered generous feed-in tariffs for renewables for the past
two decades, resulting in a rapid expansion of wind power in Germany and making Germany
particularly suitable for a study to quantify the effects of feed-in tariffs on investment in wind
power.

The profitability of a new wind plant depends on a location’s wind speed profile, avail-
ability of government incentives, and access to the transmission grid. The benefit of a wind
plant in terms of its contribution to abatement depends on the emissions rates of the conven-
tional power plants its output substitutes for. This section first presents the evolution of the
feed-in tariff for wind power and then provides an overview of the structure of the German

1The share of electricity generated from wind power is greater in four other countries:
30% in Denmark, 18% in Spain and Portugal, and 16% in Ireland EIA [2013].
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power sector, focusing on interconnection procedures for wind power plants and power sector
emissions.

2.1 Policy Incentives for Wind Power from 1991 to 2010

The federal incentive program for wind power began in 1991 with the Stromeinspeisungs-
gesetz (StrEG) or Law on Feeding Electricity into the Grid. The law required utilities to
purchase electricity from wind power plants at a fixed price (feed-in tariff) equal to 90% of
the average retail price of electricity from two years prior and also guaranteed access to the
electricity grid through interconnection. Wind power plants received the feed-in tariff (FIT)
for a period of 20 years. Installed wind power capacity increased significantly from 55 MW in
1990 to 4435 MW in 1999, supplying 1% of electricity in 1999.

The StrEG was replaced in 2000 by the Erneuerbare Energien Gesetz (EEG) or the Re-
newable Energy Sources Act. Similar to the StrEG, wind power plants receive a FIT over
20 years, but the EEG stipulates a separate higher tariff for the first 5 years. The initial
period with the higher tariff is extended for those wind power plants with an expected output
less than 150% of reference output2 by 2 months for each 0.75% of the reference output, by
which the expected output falls short of 150% of the reference output. Thus, a wind power
plant with an expected output of 142.5% would receive the higher initial FIT for an addi-
tional 2*(150-142.5)/0.75 = 20 months. This stipulation means that the EEG incentive varies
across locations according to wind power potential, with less windy locations receiving more
federal support per unit of output than more windy locations. Table 1 summarizes the federal
incentives for wind power and installed capacity from 1991 to 2011.

The EEG revision in 2004 lowered the FIT for wind power, specified an annual FIT de-
gression rate of 2%, and excluded wind power plants with an expected output less than 60% of
reference output from receiving the FIT. The latter clause ensures that wind power develop-
ment does not occur in locations with very low wind resources. The 2009 revision raised FIT
rates, lowered the degression rate to 1%, and introduced a 0.5 e-cent/kWh system-services-
bonus during the initial period for wind power plants that fulfill certain technical require-
ments for grid integration of intermittent resources, such as flicker control, harmonics, and
low-voltage ride through.

The costs of the FIT scheme during the first decade under the StrEG were borne by
utilities, which could pass them on the customers through rate increases. Beginning with
the EEG in 2000, costs were distributed directly to end-use consumers through a nationally
uniform EEG surcharge on electricity bills. Energy-intensive companies facing international
competition can apply to be exempted from the surcharge.

2.2 Structure of the Electricity Sector: Deregulation and Market Power

Deregulation of the electricity sector began in 1998 with the Energy Industry Act or
Energiewirtschaftsgesetz (EnWG), which stipulated that independent power producers have
open access to the transmission grid. The vertically integrated power companies controlling
generation, transmission and distribution resources were required to keep separate records
of these three activities. No regulatory agency was created to oversee the liberalization. Un-

2Reference output varies according to the type of turbine and is defined as the output over
five years given an average wind speed of 5.5 m/s at 30m above ground.
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Table 1: Wind Power Feed-In Tariffs and Installed Capacity

Law Year Initial Incentive Base Incentive Installed Capacity
(e-cent/kWh) (e-cent/kWh) (MW)

StrEG (1990) 1991 8.49 106
1992 8.45 174
1993 8.47 326
1994 8.66 618
1995 8.84 1,121
1996 8.80 1,549
1997 8.77 2,089
1998 8.58 2,877
1999 8.45 4,435

EEG (2000) 2000 9.10 6.19 6,097

EEG (2004)a 2004 8.70 5.50 16,623
2005 8.53 5.39 18,390
2006 8.36 5.28 20,579
2007 8.19 5.17 22,194
2008 8.03 5.07 23,826

EEG (2009)a 2009 9.20b 5.02 25,703
2010 9.11b 4.97 27,191
2011 9.02b 4.92 29,071

a Wind plants with an expected output less than 60% of reference output are not eligible
to receive the feed-in tariffs.
b Wind plants that fulfill certain technical requirements for grid integration (flicker con-
trol, harmonics, low-voltage ride through) receive an additional 0.5 e-cent/kWh System-
Services-Bonus in the initial period.

der this setup, transparency and enforcement remained an issue, particularly since only an
on-the-books separation was required. Independent power producers negotiated agreements
with power companies that owned the transmission infrastructure in order to transport their
electricity on the grid. However, without a regulator, large power companies could still prior-
itize transmission of electricity from their own generation assets over that from independent
power producers.

The process of separating generation from transmission activities began in 1998 and was
not completed by 2010, the end of the study period of this paper. In 2005, the law was
changed to create a regulatory agency (Federal Network Agency or Bundesnetzagentur), and
large power companies were required to separate their transmission and distribution ac-
tivities from their generation activities within the company (divestment was not required).
Germany’s power market is very concentrated, as four power companies, RWE, EnBW, E.ON
and Vattenfall, produced 82% of electricity in 2010 [EC, 2012]. Beginning only in 2010 did
three of the four power companies sell or partly sell their subsidiaries controlling the trans-
mission system.3 These large companies held market power, at least in principle, since they

3In response to inquiries from the European Commission for Competition, the four largest
power companies, RWE, EnBW, E.ON and Vattenfall, moved their transmission system op-
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While a uniform incentive means that wind power plant revenue increases linearly with
windpower potential, the wind-dependent EEG incentive translates into a flattening of the
revenue curve at windpower potential output levels of 150% or greater of reference output.
Under the EEG, mid- to high-wind locations have equal revenue-earning potential, but low-
wind sites are still less profitable than high-wind sites. Thus, for both the EEG and the
uniform incentive, high-wind locations are developed first, with development shifting south
in the late 2000s. Figure 6a shows how additions to capacity occurred mainly in the north in
2003 but moved further south by 2010 (Figure 6b), resulting in a distribution of cumulative
capacity not dissimilar to that under the EEG.

[1,151]
(151,522]
(522,989]
(989,2061]
(2061,3673]
(3673,6977]
(6977,48139]

Predicted Capacity Additions (Low) 2003

(a) Predicted Addition 2003 (b) Predicted Addition 2010

(c) Actual Cumulative 2010

[3,840]
(840,3191]
(3191,6597]
(6597,10859]
(10859,15098]
(15098,25408]
(25408,214435]

Predicted Cumulative Capacity (Low) 2010

(d) Predicted Cumulative 2010

Figure 6: Cumulative Installed Wind Power Capacity under the EEG and Low
Uniform Incentive
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6 CONCLUSION

Almost a quarter century has passed since feed-in tariffs for renewable power were first
introduced in Germany in 1991. The impact on the power sector has been profound with
renewable power supplying 24% of electricity in 2013 [DESTATIS, 2014]. Compared to other
countries, the financial incentives for renewable power in Germany are quite generous. In
addition, renewable power benefits from guaranteed access to the transmission grid.

One of the main results concerns the relative importance of transmission grid infrastruc-
ture for developers investing in wind power capacity. After 2000 the cost of transmission
system upgrades was shifted from renewable power developers to grid operators, such that
scarcity in transmission capacity was no longer signaled to developers. Correspondingly, we
find that grid infrastructure does not play a significant role in the location decision of devel-
opers after the regulatory change in 2000. While the regulatory change in 2000 benefitted
wind power developers, the lack of a location signal for scarcity in transmission capacity has
likely resulted in a distribution of wind power plants that makes suboptimal use of the exist-
ing grid infrastructure. Signaling scarcity in transmission capacity might have diminished
the current need for investment in new transmission corridors.

We find that the feed-in tariff offered since 1991 is a significant driver of wind power
development. A 1 e-cent/kWh increase in the feed-in tariff would raise annual additions to
installed wind by capacity at the national level by around 764 MW. The effect of the feed-in
tariff is stronger towards the end of the study period in 2005-2010, when a 1 e-cent/kWh
increase would cause annual capacity additions at the national level to increase by 1,528
MW. We also find a significant effect of a 2004 change in the law that made locations below a
certain threshold of wind power potential ineligible to receive the feed-in tariff. Wind power
investment drops significantly at the ineligibility cutoff.

A counterfactual analysis shows that wind power investment occurs to a lesser extent in
high-wind areas under the EEG than under a hypothetical uniform incentive that does not
vary according to wind power potential. While the uniform incentive achieves a higher total
output per capacity ratio than the EEG, the cost under the EEG is lower, though minimally
so. Thus, the EEG goal of cost containment is achieved without too large a sacrifice in output
per capacity. The EEG achieves slightly greater efficiency in terms of output per euro than a
hypothetical uniform incentive.

The ultimate goal of any incentive for renewable power is to reduce power sector emis-
sions. Pricing emissions is the first best way of achieving this goal, because subsidies for
renewable power do not take into account that the abatement potential of a renewable power
plant varies depending on its location within the grid and on the timing of power output. At
each location within the grid and each point in time, a renewable power plant’s output sub-
stitutes for output from a different set of conventional power plants with differing emission
rates.

As the EEG provides, compared with a uniform incentive, a relatively greater incentive
for investment in renewable power in the East, South, and Ruhr area of Germany, which hap-
pens to be where average power sector emissions are greater, the EEG may have contributed
to a greater reduction in emissions than a uniform incentive. We find that the EEG reduces
power sector emissions at about 3.7% lower cost than a uniform incentive, though this re-
sult rests on the simplifying assumption that wind power substitutes equally for all types of

26



The Impact of a Feed-in Tariff on Wind Power Development in Germany

power (coal, natural gas, hydro) in each region. The actual impact of wind power on emissions
requires modeling the redispatch of power, thus using marginal rather than average emission
rates.

Linking the level of the feed-in tariff to wind power potential under the EEG reduced
the cost of the subsidy, relieved transmission congestion, and increased emission reductions
relative to a uniform incentive. These three goals could have been achieved more efficiently.
A feed-in tariff system that would have taken into account transmission constraints and
the location- and time-varying nature of the abatement potential of renewable power plants
would have achieved emission reductions at lower cost than the EEG.
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APPENDIX A: CONTROL AREAS

Figure 7: Control areas of the four transmission system operators BPB [2013]

APPENDIX B: POWER PLANT EMISSION RATES BY STATE

Table 8: Conventional Power Plant Emission Rates by State

State Generating Capacity (%) Emissions
Lignite Coal Hard Coal Oil Natural

Gas

(kg CO2-eq/kWh)

Baden-Württemberg 0 23.941 3.978 6.227 33.382
Bavaria 0 3.228 3.781 16.908 17.673
Berlin 6.540 30.987 13.041 44.124 81.356
Brandenburg 31.321 0 2.369 6.008 44.478
Bremen 0 57.287 5.768 11.117 74.118
Hamburg 0 37.072 7.262 27.378 64.023
Hesse 0.559 16.734 0.414 24.729 34.957
Mecklenburg-Vorpommern 0 11.976 0 6.763 17.262
Lower Saxony 1.619 9.889 0.270 17.503 24.114
North Rhine-Westphalia 26.015 28.971 1.219 18.820 76.417
Rhineland-Palatinate 0 0.224 0 30.145 19.535
Saarland 0 71.362 0 5.416 80.538
Saxony 48.842 0 0.192 6.570 64.452
Saxony-Anhalt 16.582 0 3.412 11.022 30.486
Schleswig-Holstein 0 8.920 6.461 0.240 15.538
Thuringia 1.425 0 0 10.066 8.196

The emissions rates for each state are calculated as the average emission rate of each generating technology

weighted by the percent generating capacity of each technology. Data on capacity shares by state were obtained

from BNA [2014]. The emissions rates in g CO2/kWH are 1,230 for lignite coal, 1,080 for hard coal, 890 for oil

and 640 for natural gas [Lübbert, 2007].

30



The Impact of a Feed-in Tariff on Wind Power Development in Germany

APPENDIX C: OLS ESTIMATES AS A ROBUSTNESS CHECK

Table 9: Wind Power Capacity Ordinary Least Squares

Dependent Variable: Full StrEG EEG I EEG II EEG

Capacity additions (kW) 1996-2010 1996-1999 2000-2004 2005-2010 2000-2010

Lag capacity additions (kW) 0.601*** 0.981*** 0.682*** 0.459*** 0.569***

(0.02) (0.07) (0.04) (0.04) (0.03)

Lag capacity additions squared -0.00198*** -0.0104*** -0.00291*** -0.000713 -0.00172***

(103 kW2) (0.00) (0.00) (0.00) (0.00) (0.00)

Incentive revenue 9.751*** 4.679*** 11.61*** 9.610*** 11.83***

(e/m2, 7% discount) (1.19) (1.30) (2.26) (2.37) (1.61)

Ineligible for incentive (0/1) 1022.5 0 0 760.5 1720.3**

(554.10) (0.00) (0.00) (746.00) (645.87)

Area (km2) 3.450*** 1.719*** 4.698*** 3.730*** 4.122***

(0.24) (0.25) (0.48) (0.43) (0.32)

Grid density (km/km2) 0.883 0.619 1.122 0.816 0.953

(1.21) (1.28) (2.35) (2.09) (1.57)

GDP (billion e) -48.25* -17.15 -56.61 -60.32 -55.85*

(22.35) (25.76) (45.63) (36.27) (28.47)

Population per km2 1.067*** 0.615* 1.471* 1.065* 1.222**

(0.30) (0.31) (0.58) (0.53) (0.39)

Land value (e/m2) 0.299 1.567 0.385 -1.705 -1.075

(1.87) (1.86) (3.52) (3.59) (2.51)

Green Party votes (%, state) -72.95 -0.0767 93.42 -227.0* -126.3

(65.44) (85.70) (153.23) (110.63) (88.83)

Green Party votes (%, federal) -1.727 -96.40 -187.8 228.2 63.64

(81.93) (130.17) (162.66) (140.06) (104.50)

Time index 2019.9*** 1285.5 56497.2* -71520.8* 779.3

(447.58) (6796.59) (26943.57) (35870.92) (2508.15)

Time index squared -194.7*** -634.3 -6577.0 5456.4* -86.48

(55.13) (2042.02) (3422.43) (2675.31) (237.21)

Time index cubed 5.502** 101.3 247.9 -137.8* 2.396

(2.02) (194.10) (142.60) (65.96) (7.17)

Constant -11404.6*** -4472.0 -163981.6* 304365.3 -8416.3

(1222.01) (7131.02) (69569.56) (159098.93) (8351.37)

Counties 402 402 402 402 402

Observations 6,030 1,608 2,010 2,412 4,422

* p<0.10, ** p<0.05, *** p<0.01, standard errors in parentheses
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APPENDIX D: DIFFERENT INELIGIBILITY RATE

Table 10: Wind Power Capacity Tobit Marginal Effects: Ineligibility at Less
Than 60% of Reference Output

Dependent Variable: Full StrEG EEG I EEG II EEG

Capacity additions (MW) 1996-2010 1996-1999 2000-2004 2005-2010 2000-2010

Lag capacity additions (kW) 0.107*** 0.192*** 0.214*** 0.0337 0.0897***

(0.01) (0.03) (0.03) (0.02) (0.02)

Lag capacity additions squared -0.000508*** -0.00247*** -0.00144*** -0.0000759 -0.000487**

(103 kW2) (0.00) (0.00) (0.00) (0.00) (0.00)

Incentive revenue 14.33*** 3.361*** 14.09*** 25.54*** 18.52***

(e/m2, 7% discount) (1.38) (0.65) (2.04) (3.11) (1.95)

Ineligible for incentive 1724.8*** 3914.5*** 2189.6***

(0/1, < 60% reference output) (359.38) (769.11) (449.11)

Area (km2) 2.432*** 0.689*** 2.960*** 2.837*** 3.091***

(0.29) (0.13) (0.43) (0.42) (0.38)

Grid density (km/km2) 1.336 1.589* -5.235 0.822 -0.809

(1.62) (0.68) (5.83) (3.02) (3.30)

GDP (billion e) 89.78** 85.86*** 153.5*** 80.70* 98.95**

(27.62) (14.35) (44.87) (37.27) (36.51)

Population per km2 -1.443*** -0.715** -2.047** -0.975 -1.652**

(0.43) (0.23) (0.69) (0.64) (0.58)

Land value (e/m2) -8.057*** -5.856*** -18.43*** -8.741* -10.44***

(2.25) (1.49) (4.24) (3.74) (3.11)

Green Party votes (%, state) -103.1* 131.2** 212.8 -243.7** -96.32

(45.97) (47.73) (123.99) (81.14) (67.51)

Green Party votes (%, federal) 99.12 -325.5*** -194.5 168.4 82.51

(63.58) (81.98) (140.61) (108.89) (87.49)

Time index 2016.1*** 546.8 24081.2 39886.7* 4582.4**

(274.46) (3028.33) (16528.31) (19905.18) (1524.01)

Time index squared -188.0*** -212.7 -2485.1 -2925.0* -440.3**

(32.99) (907.27) (2102.36) (1483.43) (145.55)

Time index cubed 4.899*** 32.84 79.50 69.96 12.52**

(1.19) (86.02) (87.73) (36.53) (4.43)

Counties 402 402 402 402 402

Uncensored observations 2,173 501 884 788 1,672

Observations 6,030 1,608 2,010 2,412 4,422

* p<0.10, ** p<0.05, *** p<0.01, standard errors in parentheses
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