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Abstract
We study the relationship between policy uncertainty and firm investment behavior in
the wind power industry. For almost two decades, the U.S. government committed to
offering a subsidy for wind energy investment for only a few years at a time. Every
few years, legislators decided whether to extend the subsidy or allow it to expire.
Using data on wind projects built from 1999-2017, we examine how the number and
characteristics of new wind projects change surrounding potential expirations. We find
that investment responded sharply, especially investment by small wind developers.
However, we find little evidence that policy uncertainty increased the short-run cost of
building wind projects.
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Introduction

Whether a policy designed to increase private investment succeeds depends on firms’ expectations about future policy. Several programs designed to encourage investment are enacted
for only a few years at a time. While short-term commitments give policymakers the flexibility to adjust to changing market conditions, they may make programs less effective at
increasing investment. An understanding of the relationship between policy uncertainty and
firm investment decisions is essential for understanding the tradeoff policymakers face when
designing these programs.
To learn about these effects, we take advantage of a unique case of policy uncertainty for
the wind power industry. For almost two decades, the U.S. government committed to offering
a large subsidy for wind energy investment for only a few years at a time. Every few years,
legislators decided whether to extend the subsidy or allow it to expire. Around renewal dates,
there was often uncertainty about whether the subsidy would be extended, and the subsidy
was allowed to briefly expire four times before being retroactively renewed (Sherlock, 2018).
While all projects built from 1993 through 2017 qualified for the subsidy, Figure 1 shows
that new capacity additions jump up before expirations in July 1997 and December 2001,
2003, and 2012. Inferring firms’ expectations is challenging, but we leverage the structure of
the uncertainty to compare periods where there was no uncertainty (right after a renewal)
to periods where uncertainty was high (immediately before a potential expiration).
Using detailed data on investment and time-series variation in the level of uncertainty, we
make three contributions to the literature on policy uncertainty. First, though the detrimental effects of uncertainty on investment levels are well established (Dixit and Pindyck, 1994),
the broader efficiency implications are less well understood. We use unusually rich data on
investment to enumerate and quantify potential inefficiencies in our setting. While prior
papers have studied the welfare costs of lower investment levels (see Handley and Limão
(2017) for exporting and Dorsey (2019) for pollution controls), we instead study whether

2

uncertainty increased the cost of a given level of aggregate investment. Second, we highlight
how policy uncertainty can affect market structure by disproportionately affecting investment by small firms, a channel as yet unexplored in the literature. Finally, while most of the
effects of policy uncertainty are indistinguishable from those of uncertainty, a key difference
is that firms can influence politicians to reduce policy uncertainty. We use data on lobbying
expenditures to study this mechanism for weathering the uncertainty.
Figure 1: New U.S. Wind Capacity and PTC Expirations (in red)

Total new capacity additions by half year. Red lines denote PTC
expirations e.g. the line for the 7/30/1999 PTC expiration is between the first and second half of 1999; the line for the 12/31/2012
expiration is between 2012 half 2 and 2013 half 1.

We first examine the effects of policy uncertainty on total investment. One interpretation
of the pattern in Figure 1 is that potential expirations derail industry growth, and overall
investment levels would have been much higher had Congress committed to offering the PTC
with certainty. Another interpretation is that the pattern reflects only shifting in the timing
of investment, e.g., projects that would have been built in 2013 were instead built in 2012.
In this case, uncertainty actually increases investment in the short run. We look for evidence
of both reduced planning and shifting using data on planned and constructed projects.
We find evidence that a potential expiration of the subsidy leads to a buildout of planned
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projects while depressing the number of new projects planned. Developers are more likely
to finish previously planned projects just before a potential expiration, consistent with investment that would have happened in subsequent years being shifted up. However, the
number of new projects planned also falls just before a potential expiration, consistent with
the uncertainty reducing long-run investment levels.
We next study whether uncertainty increased the per-unit cost of investment, and we
find small effects for the three channels we study. First, we find no evidence that uncertainty
affected project size and thus increased costs via unrealized economies of scale. Second,
while we have limited evidence for the effect of policy uncertainty on input prices, global
wind turbine prices fell prior to the PTC expiration at the end of 2012. Finally, we test
whether rushing before the 2012 expiration increased costs using data on construction times
from the U.S. FAA and cost data for a subset of projects. While we find evidence that wind
developers rushed project construction prior to the expiration, our estimates suggest that
the effect on costs was not economically significant - rushing only increased costs by a few
percentage points.
Policy uncertainty may also affect market structure if some firms are better at coping
with uncertainty than others, and we next test for heterogeneity in the response by firm
size. Wind developers we spoke with suggested two reasons larger developers might be less
affected: strong relationships with suppliers and the ability to self-finance the initial stages
of project development. The uncertainty in our setting caused a boom and bust pattern of
investment, and large firms’ existing relationships may have rendered them less affected by
shortages during booms. As for the second reason, a long term contract to sell the power
is often a necessary condition for wind project financing. Barradale (2010) surveys wind
developers and finds that the downturns in investment after expirations of the subsidy are
explained by utilities waiting for the subsidy decision to sign long term contracts. Large
developers’ “deep pockets” might allow them to push forward with the early stages of a
project without a long term contract.
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We find investment by large wind developers was less affected by uncertainty than investment by smaller developers. Visually, aggregate capacity additions by large developers are
much smoother across potential expirations than capacity additions by small developers. To
test for differences more formally, we estimate time-series models of quarterly investment by
developer type. Small developers build more projects than large developers each quarter, but
this difference falls by 44 percent in the eighteen months following a renewal of the subsidy.
Finally, in preliminary work, we find some evidence that large developers cope with
uncertainty by increasing their lobbying expenditures. Because all firms in the industry
benefit from a renewal of the subsidy, the largest firms have the most incentive to lobby.
Data from the U.S. Senate Office of Public Records show that, while lobbying expenditures
by most developers were relatively smooth over time, expenditures by the largest wind
developer increased in the lead up to potential expirations.
In addition to contributing to the literature on policy uncertainty, this paper also contributes to a literature on the effects of the production tax credit on the wind power industry.
Metcalf (2010) finds that the PTC significantly increased wind energy investment. Grobman and Carey (2003) and Eryilmaz and Homans (2016) focus specifically on the effects of
uncertainty about PTC renewal, and they find this uncertainty had large effects on investment. Barradale (2010) uses a survey of wind developers to find that contracting delays help
explain these effects. Unlike these earlier papers on PTC uncertainty, we use project-level
data on wind energy investment. These data allow us to examine potential mechanisms by
which uncertainty affects welfare and test for heterogeneity in the effects by firm type.
This paper proceeds as follows. Section 2 describes the timeline for wind project development along with the subsidy. Section 3 describes the wind project data. Section 4 presents
evidence on the effect of uncertainty on investment decisions. Section 5 presents evidence
of the effect of uncertainty on project costs. Section 6 examines heterogeneity in effects by
firm size, Section 7 examines firm responses, and Section 8 concludes.
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2

Industry and Subsidy

2.1

Wind project development

Wind projects often take years to build and have substantial sunk costs, and these two features make expectations about future conditions an important consideration in the decision
to build a project. Prior to construction, wind project developers must decide on an appropriate site, apply for and receive the necessary permits, measure wind speeds at the relevant
height, negotiate an order for wind turbines, and have the turbines delivered. Most wind
projects also simultaneously arrange for financing and sign a contract, known as a power
purchase agreement, to sell their output to the local utility. Construction itself usually takes
between four months and a year.1 According to wind industry participants we spoke to, the
fastest a project can go from conception to completion is eighteen months.

2.2

The subsidy: The production tax credit

The production tax credit (PTC) is a large subsidy for investing in wind energy. Eligible
projects receive a per-unit subsidy for electricity generated in their first ten years of operation.
The subsidy amount is adjusted annually for inflation: when the credit was introduced in
1993, it was $0.015/kWh, while in 2016 it was $0.023/kWh (DSIRE, 2016). For comparison,
a typical price for wholesale wind-generated electricity in 2016 was $0.06/kWh, making the
subsidy a sizable share of wind project revenues.

2.3

The subsidy and operation decisions

The production subsidy should not affect operation decisions because wind projects’ cost
structure makes it optimal for them to produce as much electricity as possible. Wind gen1

This estimate is based on FAA data on expected construction times. EWEA (n.d.) benchmarks
construction of a 10 MW wind project taking as little as two months and a 50 MW wind project as taking
about six months.
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erators do not require fuel, and operations and maintenance costs are low relative to the
price of electricity. The majority of wind project developers sign a long term contract to
sell a project’s output at a fixed price. The remaining wind projects sell into restructured
markets where a wind generator is unlikely to be the marginal generator that sets the market
price. Because projects have such low marginal costs and are essentially price-takers, wind
project operators only restrict output when required to do so by a grid operator trying to
balance supply and demand. Thus, the only major decision a wind developer makes after
beginning operation is when to exit, an action that usually happens at least fifteen years
after construction. In our setting, this implies that the production tax credit does not affect
wind project operation decisions.

2.4

History of subsidy expirations and renewals

As Table 1 shows, the PTC was usually extended for only a few years at a time, and it
was even allowed to expire four times prior to 2013 before being retroactively re-instated.
The January 2013 extension changed the criterion for eligibility from “placed in service” to
“begun construction,” though projects still had to be placed in service by a set date. After
this change, we should expect the number of under construction projects to increase prior
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to a potential PTC expiration rather than the number of projects beginning operation.
Table 1: Timeline for Expirations and Extensions of the Production Tax Credit
Action

Year

Date

Expired

1999

7/30

Extended

1999

12/17

Extended to

12/31/01

Act

Ticket to Work & Work Incentive

2000

Improvement Act of 1999

Expired

2001

12/31

Extended

2002

3/9

Expired

2003

12/31

Extended

2004

Extended
Extended

12/31/03

Job Creation & Worker Assistance Act of 2002

10/4

12/31/05

Working Families Tax Relief Act of 2004

2005

8/8

12/31/07

Energy Policy Act of 2005

2006

12/20

12/31/08

Tax Relief and Health Care Act of 2006

2007
Extended

2008

10/3

12/31/11

Emergency Economic Stabilization Act of 2008

Extended1

2009

2/17

12/31/12

American Recovery & Reinvestment Act of 2009

2010
2011
Expired

2012

12/31

Extended2

2013

1/2

12/31/13

American Tax Payer Relief Act of 2012

Extended3

2014

12/19

12/31/14

Tax Increase Prevention Act of 2014

Extended4

2015

12/18

12/31/19

Consolidated Appropriations Act of 2016

Footnotes denote modifications. 1 Gave projects the option of electing the PTC, the ITC, or a cash grant
equivalent to the ITC (through Dec. 31, 2011). 2 Eligibility was changed from projects “placed in service”
while the credit is in place to projects that had “begun construction.” Dec 31, 2013 was the date for
construction beginning, Dec 31, 2014 for placed in service. 3 As above, Dec ’14 is construction begin date,
projects must be completed by Dec 31, 2015. Backdated to be effective Jan 1, 2014. 4 Backdated to be
effective Jan 1, 2015. Projects that begin construction in 2016 receive the full credit; in 2017 reduced by
20%; in 2018 by 40%; in 2019 by 60%. Information on expirations and renewals from Sherlock (2018).

Although it is a per-unit subsidy, projects receive the PTC if and only if the credit
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is in place when they reach a critical stage of development. For most of the period we
study, projects received the credit for ten years as long as they were “placed in service”
while the credit was offered. Starting in 2013, the PTC was modified to allow projects that
were substantially under construction with the credit in place to receive the entire credit
(Sherlock, 2018). In principal, a project completed during a lapse in the PTC would not
receive the subsidy if the PTC was later reinstated. However, on the few occasions when
the PTC lapsed and was reinstated, it was reinstated retroactively. As a result, every wind
project that began operation from 1993 to 2017 was eligible to receive the PTC.

3

Data

We construct a data set with one observation for each wind project built from 1999-2017.
These data come from three sources: the U.S. Energy Information Administration, the
Federal Aviation Administration, and the American Wind Energy Association.
Our base dataset is from Energy Information Administration (EIA) Form 860 and includes the size and operation date of all utility-scale wind projects. These data also include
the turbine wind quality class, designed wind speed, and manufacturer as well as the project
location. All wind projects over are required by law to complete this survey annually.2
Planned and under construction wind projects are also required to file Form 860 with their
status as of Dec. 31, and we use these data to examine the effect of uncertainty on total
investment.
We also use data from the Federal Aviation Administration (FAA) to construct measures
of construction time for a subset of projects. A key variable is the expected construction
start date, and the FAA collects this information for about a third of wind projects. All
structures over 200 feet must receive FAA approval before construction, and, to apply for
the requisite aeronautical study, wind developers are required to file FAA Form 7460-1. This
2

Technically, all wind projects over 1 MW that are connected to the power grid are required to complete
the survey. Thus, our sample should include all utility-scale wind projects.
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form asks for expected construction start and end dates, and developers typically file it three
months to a year in advance of when they plan to start construction (FAA, n.d.). While
only a subset of projects file Form 1, all wind projects must file FAA Form 7460-2 within
five days of the project reaching its greatest height. This date corresponds to the day the
turbines are put up, and thus provides a measure of when projects are nearly complete.3
We match the turbine-level FAA data to the project-level EIA data by hand. FAA records
are digitized starting in 2008, so we have FAA data from 2008-2017. Since projects file FAA
forms before they begin operation, projects that began operation in 2008 or 2009 may not
appear in the FAA data because they filed FAA forms in 2006 or 2007. For projects that
began operation in 2010-2017, we match 88 percent of projects to their FAA records. For
more detail on this matching, see Appendix A.
We also use data from the American Wind Energy Association (AWEA) on the owner(s)
and developer(s) for each wind project. For about half of projects, the owner and developer
in the AWEA data are the same. The AWEA data also contain additional turbine-level
characteristics for each project such as the turbine manufacturer, hub height, and rotor
diameter.

4

Uncertainty and Investment

We first look at the effect of uncertainty about PTC renewal on total investment. Theoretically, this effect is ambiguous. Because projects take time to build, a potential expiration
of the subsidy reduces wind developers’ incentive to plan new projects. However, potential
expirations also reduce the option value of waiting to build already planned projects. They
also might help developers coordinate with utilities and lenders and force regulators to make
decisions more quickly on permitting. This second effect might be particularly important
in the wind power industry where technology is steadily improving. Figure A1 in Appendix
3

The date wind turbines are erected likely falls near the date a project begins operation since testing is
the only task that must be completed in the interim. According to Idziak (2014), it is important for wind
systems to undergo testing after construction and prior to being energized.
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C shows that turbine hub heights and rotor diameters were rising monotonically over the
period, a reflection of technological progress.

4.1

Effect on project planning

Given that projects take time to build, we should expect to see a fall in the number of newly
planned projects leading up to a potential expiration. When PTC-eligibility is based on
the date a project is completed (before 2013), the possibility the PTC will expire before a
project can be completed lowers the expected value of planning a project. As a result, the
cut-off cost below which a project is worth planning falls, and fewer projects are planned.
Figure 2 shows fewer projects are newly planned in the years before expirations.4 EIA
Form 860 collects the status of projects as of December 31 of each year. We define newly
planned projects as projects that are planned on Dec. 31 but were not planned as of Dec. 31
the previous year. Immediately before PTC expirations - at the end of 2001, 2003, and 2012
- the number of newly planned projects is lower than in the surrounding years. The figure
also shows a large spike in newly planned projects as of Dec. 31, 2013. In early 2013, the
PTC was modified so that all projects under construction by Dec 31 2013 were eligible for
the credit. While projects planned as of this date were not “under construction,” significant
site preparation may have qualified them to receive the credit.
4

Our planning data starts in 2001. To calculate newly planned projects for 2001, we only count planned
projects that have an expected operating date in 2001 that is the same as their originally filed expected
operating date. This leaves one project which may or may not have been newly planned in 2001.
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Figure 2: Newly planned wind projects as of Dec. 31

Newly planned projects are planned on Dec. 31 but were not planned
as of Dec. 31 the previous year. They are planned for installation
but not under construction; regulatory approvals may or may not be
received, and site preparation may or may not be underway.

4.2

Effect on already planned projects

In addition to reducing incentives to plan new projects, potential expirations should lead to
a buildout of previously planned projects. The possibility the PTC will not be available in
the future reduces the option value of holding onto a planned project. As a result, developers
are more inclined to build planned projects in the year before a potential expiration.
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Figure 3: In progress wind projects as of Dec. 31

Data from EIA Form-860. Blue bars are planned projects; red bars are
projects under construction. Counts are as of Dec. 31, so the 2012 bar
tabulates the number of projects at each status on 12/31/12.

The number of planned and under construction projects going into the next year also
decreased in 2001, 2003, and 2012 (see figure 3). This pattern reflects both a buildout of
previously planned projects and a fall in newly planned projects. For example, at the end
of 2011 there were 76 planned projects, while at the end of 2012 there were only 49. Just
over 60 percent of this discrepancy can be explained by a fall in newly planned projects:
2011 saw 32 newly planned projects while 2012 saw just 15. The rest indicates a buildout
of previously planned projects.

5

Uncertainty and Project Costs

In this section, we quantify the likelihood that policy uncertainty increases economic costs.
We consider three potential channels: a shift away from building at minimum efficient scale,
a rise in input costs from increasing marginal cost curves, and an increase in installation
costs from rushing project construction.
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5.1

Substitution to smaller projects

A potential cost of PTC uncertainty is a distortion in project size. Developers may substitute
toward smaller projects near potential expirations if these projects take less time to complete.
Even if wind turbine acquisition and installation costs scale linearly in project size, fixed costs
like building transmission lines and negotiating leasing agreements would result in economies
of scale in building wind projects.5 Thus, any substitution toward smaller projects could
increase average costs.
Our data suggest that significant distortion in project size is unlikely. Project size does
not appear to change before an expiration but usually falls after an expiration. The top two
panels of Figure 4 show that the average size of projects completed before each expiration
is similar to those in prior half years. A likely explanation for the fall in size following expirations is that developers wait to build until the PTC is reinstated, and, once construction
starts again, only small projects can be completed by year end when the PTC is set to expire.
In the case, the potential expiration is not distorting the size of projects developers choose
to build. Project sizes that are fixed in the short-run are reasonable because developers
typically negotiate leasing and power purchase agreements in advance of construction.
5

Using installation cost data from the 1603 Grant program, Johnston (2019) also finds evidence of
economies of scale in installation costs net of the costs of building transmission and leasing land.
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Figure 4: Number and size of projects surrounding PTC expirations
Mean size of projects beginning operation

1998-2007

2008-2017

Number of projects beginning operation

1998-2007

2008-2017

Unit of observation is the half year, where half 1 is January through June and half 2 is July through
December. Red lines denote PTC expirations e.g. the line for the 7/30/1999 PTC expiration
appears between the first and second half of 1999; the line for the 12/31/2012 expiration appears
between 2012 half 2 and 2013 half 1. Size measured by nameplate capacity.

For comparison, the bottom two panels of Figure 4 show that the number of projects
beginning operation increases substantially in the months before a PTC expiration and falls
in the months after. Note that the scales of the two panels differ because later years saw
15

more projects. Taken together, the figures show that the changes in capacity surrounding
expirations are primarily explained by changes in the number of projects rather than changes
in their size.

5.2

Increases in input costs

If the cost of building a project is higher when many projects are built concurrently, a
boom and bust cycle will increase total costs relative to a smoother investment pattern.
For example, an increase in demand for wind turbine components may lead to overtime
shifts as factories try to keep up with orders. Or, if wind project testing requires specialized
technicians or equipment, projects developers may need to wait for these resources to come
available.
On the other hand, a significant share of wind turbine components is imported, and the
U.S. makes up a small share of the global market. Bolinger and Wiser (2016) find that U.S.
reliance on imports varies by part, with over 80 percent of components in the nacelle (the
center of the wind turbine) imported and 30-50 percent of turbine blades and hubs imported
(p. vi). The U.S. accounted for only 17 percent of global wind capacity in 2017 (Global
Wind Energy Council, 2018), so sharp increases in U.S. demand may have only small effects
on global demand.
We do not observe input cost data, but a publicly available measure of turbine prices
varied smoothly in the years surrounding the 2012 expiration. A major driver of project
costs is the cost of turbines, and our measure of turbine costs is a global wind-turbine price
index from Bloomberg New Energy Finance. This index falls leading up to and after the
December 2012 PTC expiration, suggesting the U.S. construction boom had little impact on
turbine costs.
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5.3

Rushing to complete construction

Our construction time data only overlaps with the PTC expiration at the end of 2012, and
we find shorter construction times before this expiration. Table 2 shows that projects that
started construction in 2012 had shorter construction times than projects started in other
years. Either rushing or selection may explain this pattern. Developers may have originally
planned these projects for operation in later years, and, when it became clear the PTC
might not be renewed, they rushed to finish these projects in 2012. Another explanation
is that developers knew how long projects would take and only built projects with short
construction times in 2012.

Table 2: Construction times by start date
Construction time

Capacity

Turbines

Start Year

Projects

Mean

p25

p50

p75

Mean MW

Mean No.

2008
2009
2010
2011
2012
2013
2014
2015
Total

20
46
46
42
28
17
17
30
246

11.6
10.4
11.9
12.3
7.0
11.6
13.9
13.3
11.4

8.5
5.6
6.4
8.6
3.5
8.6
8.6
7.6
6.3

10.4
8.0
9.0
12.7
6.1
12.4
12.6
11.6
9.5

12.6
12.6
17.2
14.7
8.6
14.2
19.8
17.3
14.7

56
105
70
82
80
81
77
99
84

34
61
38
39
38
41
36
45
43

Construction time is measured in months; it is the difference between the operating date in the
EIA data and the expected construction start date for the project’s first turbine in the FAA
data. Start year is the year construction was expected to begin on the project’s first turbine.
Since the EIA data is at the month level, we use the 15th of the month for this calculation.

We next look at the determinants of construction time and find evidence in favor of
rushing rather than selection. As the final two columns of Table 2 suggest, the discrepancy
in construction time for 2012 is not explained by selection on project size. Formal tests show
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that these projects are similar to those in neighboring years in terms of several observable
characteristics including turbine height, designed wind speed, and the region the project is
located in (see Appendix B). Thus, if selection is the culprit, it is selection on unobservable
characteristics.
We next use project-level cost data to look for evidence that rushing increased costs. We
observe installation costs for a subset of projects completed between 2009 and 2012. These
are projects that participated in a temporary federal program where they took a grant equal
to 30 percent of installation costs in lieu of the PTC. To receive the grant, projects had to
begin operation by the end of 2012, so, though they did not take the PTC, these projects
would have similar incentives to begin operation by Dec 31 2012.6 Because these projects
elected the grant rather than the PTC, they are likely positively selected on cost.
In the data, costs are positively correlated with construction times. This correlation is
likely explained by harder-to-build projects, such as a project on a hill, both taking longer
and costing more. Table 3 regresses project installation cost/kW on construction time in
months. We find a positive estimate for the relationship between construction time and costs,
but the point estimate falls as we control for observable project characteristics. Column (4)
suggests there are non-linearities in the relationship between construction time and costs,
but our small sample size limits our ability to estimate the relationship more flexibly.
When we allow the relationship between construction time and costs to differ for projects
starting construction in 2011 and 2012, results suggest that rushing lead to a small increase
in costs. Under the assumption that the effect of unobserved characteristics on construction
time is the same in all years, but only projects started in 2011 and 2012 rushed construction,
the coefficient on the interaction between construction time and starting in 2012 captures
the cost of rushing. The point estimate for this coefficient is -17.4, implying that a three
month decrease in construction time is associated with an increase in costs of $52/kW or
about 2.5 percent. At the lower bound of the confidence interval, the point estimate is -43.4
6

In addition, projects rushing to receive that grant likely explain some of the pre-2012 expiration spike
in investment.
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implying a 6 percent increase in costs for a three month decrease in construction time.

Table 3: Relationship between construction time and installation costs

construction time (mos.)

(1)
12.04
(5.05)

(2)
8.012
(5.242)

(3)
2.34
(3.92)

construction time2

(4)
-15.90
(19.11)
0.65
(0.60)

construct. start in 2011 or 2012

-4.347
(1.130)
0.0110
(0.0038)

-3.86
(1.12)
0.0103
(0.0036)

-3.53
(1.00)
0.0093
(0.0032)

112.22
(190.17)
-17.44
(13.00)
-3.78
(1.18)
0.0104
(0.0037)

X

X
X
X

X
X
X

X
X
X

107
0.264

107
0.456

107
0.463

107
0.467

construct. time X start 2011/2012
capacity
capacity2

-4.07
(1.13)
0.0100
(0.0038)

Region FE
Time trend
Turbine characteristics
Observations
R-squared

107
0.174

(5)
3.67
(4.25)

Dependent variable is cost/kW (mean =2,111 , s.d.=338 ). Construction time is the realized construction time in months (mean=10.1, s.d.=6.3). Construction start in 2011 or 2012 is an indicator
for projects that began construction in those years. Region FE are indicators for the 5 Berkeley Labs
wind regions. Time trend is a second-degree polynomial in the quarter in which construction began.
Turbine characteristics are turbine wind quality class, designed wind speed, rotor diameter, and the
one-year lag of an aggregate wind turbine cost index. Sample includes projects that began operation
in 2009-2012 and started construction in 2008-2012. Robust standard errors in parentheses.

Measures of construction time increase gradually in project size, and this may explain
why we do not see potential expirations distorting project size. For the sample of projects
with non-missing construction times, the mean construction time for projects from 50-100
MW is 8.8 months, while for projects from 100-150 MW it is 11.3 months.

19

6

Heterogeneity by developer size

The average investment response in the previous section may mask heterogeneous responses
by firm type. In this section, we test whether the investment response is the same for large
and small developers. Several characteristics of large developers might make their investment
less sensitive to potential expirations. First, large developers past experience with the PTC
may be more willing to plan projects in the months before a potential expiration. A large
developer’s ability to order wind turbines in bulk, and its established relationships with
suppliers may also help it get projects online more quickly following a renewal of the subsidy.
Although large developers likely face similar incentives to build previously planned projects
before a potential expiration, they may have better information than small developers about
the probability the PTC will be renewed.
To test for whether large developers start building projects more quickly after PTC
renewals, we estimate models of the number of projects constructed each quarter as a function
of if the quarter is within six quarters of a renewal. We do the same analysis for new capacity
constructed each quarter. We define large developers as the three largest developers by
number of projects constructed between 1999-2017. They are Next Era, Invenergy, and
Avangrid, and they account for 27 percent of new capacity and 18 percent of new projects
over the period. For this analysis, we refer to all other developers as ‘small’.
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Table 4: Responsiveness to renewals, by developer size
(1)
Dependent Var.
Developer Subsample
expired
post-renewal

(2)

(3)

Projects
Small
Large

(4)

Capacity
Small
Large

-8.51*** -0.96 -379.08** -107.68
(1.38)
(0.65) (147.29) (66.44)
-7.82**
0.15 -607.26** -2.89
(3.16)
(0.82) (296.85) (97.15)

expiredXlarge
post-renewalXlarge
large
Mean Dep. Var
Observations

12.8
76

2.8
76

850
76

309
76

(5)

(6)

Projects
Pooled

Capacity
Pooled

-10.67*** -629.71***
(2.11)
(173.35)
-7.51*** -647.11***
(2.37)
(196.54)
11.88*** 772.66***
(2.77)
(231.71)
7.34***
684.08***
(2.51)
(215.42)
-13.21*** -808.48***
(1.88)
(154.82)
7.8
579
152
152

Observations at the quarter by developer type level (2 observations per quarter). All specifications
include a time trend (quarter of operation and its square), and quarter of year fixed effects. Standard
errors in parentheses. Newey-West SEs for columns (1)-(4), heteroskedasticity robust standard errors
for columns (5) and (6). *** p<0.01, ** p<0.05, * p<0.1. Large is an indicator for projects by the
three largest wind developers: Next Era, Avangrid, and Invenergy. Post-renewal is an indicator for
the 6 quarters following a PTC renewal. Expired is an indicator for a quarter where the PTC is
expired. Projects is the number of projects completed that quarter; capacity is the total capacity
completed that quarter. All quarters from 1999-2017.

Table 4 shows that investment by large developers falls by less following a renewal.
Columns (1)-(4) estimate these effects separately for projects built by large and small developers. The large, negative point estimate for post-renewal in column (1) suggests that
small developers are much less likely to build projects in the 18 months following a PTC
renewal. For large developers the point estimate for the 18 months post renewal is close to
zero and not statistically significant. A similar pattern holds for the effects on new capacity
in Columns (3) and (4). Columns (5) and (6) pool the two time-series and directly test that
the coefficient on post-renewal is the same for both large and small wind developers. The
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point estimate of 7.34 for the coefficient on the interaction implies that this difference in
response is economically large.7

7

Political response to Uncertainty

One channel firms might use to minimize the impact of uncertainty is lobbying. Lobbying
might either increase the probability the subsidy will be renewed or give firms better information about this probability. We use data from the Senate Office of Public Records to
examine how lobbying by the three largest wind developers varies over time.
Figure 5: Reported lobbying expenditures by half-year

Reported lobbying expenditures for the three largest wind developers.
Two observations per year, one for the first two quarters and one for
the second two quarters.

Figure 5 provides mixed evidence about lobbying as a means for firms to weather this
uncertainty. For the largest wind developer in our sample, Next Era, lobbying expenditures
peaked in the second half of 2012, immediately before the PTC was set to expire. However,
the next two largest developers have lobbying expenditures that are relatively small and
constant over time. A full exploration of the strategies firms use to minimize the impact of
uncertainty on their operations is left to future work.
7

It is also highly statistically significant; however, the standard errors in columns (5) and (6) are likely
understated because the pooled specification does not allow for the use of Newey-West standard errors.
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8

Conclusion

We examine a well-known case of policy uncertainty and its effects on the wind power
industry. Consistent with what a dynamic investment model would predict, we find that
uncertainty had ambiguous effects on total investment. We find some evidence suggesting
that uncertainty reduced welfare through costly rushing. Yet, we find that the overall effect of
uncertainty on per-unit investment costs for the three channels we consider was likely small.
More interestingly, we find that investment by large wind developers was less responsive to
potential expirations than investment by small developers.
One caveat is that we focus only on the effects of policy uncertainty on short-run construction costs. Uncertainty may have had a bigger impact on the long-run costs of building
wind projects through its effect on U.S. wind manufacturing. This channel by which uncertainty harmed the industry was frequently mentioned in the press surrounding the 2012
expiration and renewal. An investigation of this channel is left to future work.
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A

Matching of FAA and EIA data

We match FAA data to EIA Form 860 data by using wind project name, state, number of
turbines, and latitude and longitude data. We do this matching by hand because the EIA
name can correspond to all or part of three fields in the FAA data. All wind projects in the
EIA data should appear in the FAA data. However, there are many FAA observations for
each EIA observation because the FAA data is at the turbine level while the EIA data is at
the generator level.

B

Projects beginning construction in 2012 vs. all other
projects

Table 2 shows that projects that began construction in the year prior to the PTC expiration
(2012) have shorter construction times than projects that began construction in other years.
Tables 5 and 6 below show that these 2012 projects have similar observable characteristics to
projects that began construction in neighboring years. Table 5 compares projects that began
construction in 2012 to projects that began construction in 2008-2011 and 2013-2015. For
all years, we only include projects with non-missing construction times. The third column
reports the p-value for a test the means of the two groups are equal, and the only statistically
significant differences are for rotor diameter and hub height. As shown in Figure A1, the
size of both increased monotonically from 2001-2017. The difference in means for these two
characteristics falls when we compare projects started in 2012 with those started in the two
neighboring years on each side (shown in table 6).
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Table 5: Construction Start Year Balance - All years
Non-2012 Mean

2012 Mean

p-value

Capacity (MW)

83.9

80.3

0.827

No. of turbines

43.6

38.1

0.525

Rotor Diameter (m)

91.6

97.3

0.019

Hub Height (m)

82.0

85.6

0.011

Wind Quality Class (1-4)

2.3

2.2

0.912

Located in interior

0.51

0.54

0.828

Design Wind Speed (mph)

17.4

18.2

0.219

Observations

218

28

246

Note: Non-2012 Mean is the mean across projects with construction start dates in
2008-2011 or 2013-2015. 2012 Mean is the mean across projects with construction
start dates in 2012. P-value is the p-value for a test that the two means are different.
Capacity is nameplate capacity; Wind quality class is the class for turbines at this
generator per IEC definition; Design wind speed is the design average annual wind
speed for turbines at this generator; Interior region is an indicator for projects
located in the interior region of the U.S. (other regions are Great Lakes, Northeast,
Southeast, West). Observations are no. of projects with non-missing construction
times; these observations are used to calculate summary statistics.
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Table 6: Construction Start Year Balance - Neighboring years
Non-2012 Mean

2012 Mean

p-value

Capacity (MW)

76.7

80.3

0.834

No. of turbines

38.5

38.1

0.971

Rotor Diameter (m)

93.0

97.3

0.055

Hub Height (m)

83.6

85.6

0.235

Wind Quality Class (1-4)

2.3

2.2

0.961

Located in interior

0.48

0.54

0.622

Design Wind Speed (mph)

17.8

18.2

0.620

Observations

122

28

150

Note: Non-2012 Mean is the mean across projects with construction start dates in
2010-2011 or 2013-2014. 2012 Mean is the mean across projects with construction
start dates in 2012. P-value is the p-value for a test that the two means are different.
Capacity is nameplate capacity; Wind quality class is the class for turbines at this
generator per IEC definition; Design wind speed is the design average annual wind
speed for turbines at this generator; Interior region is an indicator for projects
located in the interior region of the U.S. (other regions are Great Lakes, Northeast,
Southeast, West). Observations are no. of projects with non-missing construction
times; these observations are used to calculate summary statistics.
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C

Turbine technology over time

Figure A1 shows that average turbine height and rotor diameter for new projects increased
steadily over time.
Figure A1: Evolution of turbine characteristics

Note: Rotor diameter and hub height are both the average across
projects that began operating in that year. Each project is weighted
equally. Data are from AWEA.
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