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Photos (top to bottom): 
(1)  Wind dynamo installed by inventor Charles F. Brush in his Cleveland 

backyard, operational from 1888-1908.  12 kW, 56’ diameter rotor. 
[http://wiki.windpower.org/index.php/Charles_F._Brush] 

(2)  Smith-Putnam wind turbine at Grandpa’s Knob, VT.  Private venture 
produced first megawatt-class turbine in 1941.  [http://www.wind-
works.org/photos/Smith-PutnamPhotos.html] 

(3)  Jacobs wind motors exemplified the small wind plants installed throughout 
the American plains from the 1930s through the 1950s. [http://
www.wincharger.com/jacobs/jacobsphoto.jpg] 

(4)  One of three DOE/NASA MOD-2 2.5 MW Boeing turbines erected at 
Goodnoe Hills, WA in 1980.  [http://en.wikipedia.org/wiki/
File:Mod-2_Wind_Turbine_Cluster3.jpg] 

(5)  Wind farm at Altamont Pass, CA, using “low technology,” rugged Danish 
design.  [http://www.theepochtimes.com/n2/science/wine-turbines-
bats-4075.html] 

(6)  Modern Vestas V90 3 MW wind turbine [http://www.rechargenews.com/
business_area/finance/article197073.ece] 
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Research Questions 
 

History has shown that government policy has a profound effect 
on wind generation capacity.  In addition to policy and market 
drivers, the viability of the wind industry also depends on the 
state of the technology.  This project will examine the interplay 
between policy and innovation. 
 
Innovation Impacts: 
What are the effects of government renewable energy policies 
in the United States on innovations, and on the value of such 
innovations, for the wind industry?  
 
Industry Impacts:   
What are the effects of government renewable energy policies 
on installed wind capacity, wind electricity generation, and job 
creation in the United States?  
 

Theories of Policy Dynamics 
 

How do policy mechanisms incentivize innovation? 
 
“Demand-Pull” 
•  Market characteristics drive innovation 
•  Innovation relies on evolution and iteration to meet needs 

defined by market 
•  Demand-side policies increase private payoffs for 

innovation 
•  Policy Examples:  DoD procurement, PURPA (1978) 

 
“Technology-Push” 
•  Advances in S&T drive innovation 
•  Linear model of research described by Vannevar Bush in 

post-WWII years 
•  Supply-side policies reduce private costs of innovation 
•  Policy Examples:  Manhattan project, DOE/NASA MOD 

program in 1970s-1980s 

Methodology 
 

We will build an econometric model relating wind capacity and 
innovation to a time-series of policy variables and controls.  
Innovation will be measured by patent counts, an approach 
widely used in studies of technology development.  
 
Previous work in this area (Johnstone, Haščič, & Popp, 2009) 
using similar methods suggests that different policy types have 
markedly diverse effects on innovation for different 
technologies.  However, many of these studies suffer from lack 
of precision in defining the relevant technology areas (as noted 
by Braun, Hooper, Wand, & Zloczysti, 2011) or from not 
considering the implementation details of the policies believed 
to have affected innovation (as noted by Johnstone, Kalamova, 
& Haščič, 2010).  In addition, much of the work occurred prior to 
recent developments in the industry; for instance, the 
conclusions regarding induced innovation in Nemet (2009) rely 
on data from the California wind-boom of the 1980s. 
 
This project will use a class- and keyword-based patent search 
to identify relevant patents and an updated policy timeline that 
includes variables such as policy stringency, where possible, to 
address these concerns. 

Historical Examples 
 

(Based on information in Righter, 1996) 
 
Demand-Pull:   
The California Wind Rush, 1978-1986 
•  State and Federal tax credits totaled 50% on wind system 

installation costs 
•  Loan guarantees also available 
•  Led to boom in 1983:  wind farms as tax shelters 
•  12K turbines totaling 911 MW installed 1981-1986 
Bust, 1986 
•  Tax credits expired 
•  Huge reliability problems 
•  Many operators and manufacturers went bankrupt 
•  Incentives did not lead to development of reliable 

technology—everyone was too busy building! 
 
Technology-Push: 
The DOE/NASA MOD Program, 1973-1988 
•  R&D program funded by DOE Solar Energy Research 

Institute and led by NASA; Boeing and Hamilton Standard 
were industry partners 

•  Focus was megawatt-class turbines for eventual 
commercial production 

•  >$285 mil. From 1973-1988 
•  Experimental units failed: were not reliable enough and 

never went commercial 
•  Meanwhile, promise in small and intermediate turbines, but 

little federal interest 
•  Technology-driven policy fought the market. 
 
 
 

Photo source:  http://en.wikipedia.org/wiki/File:Wind_generator_comparison.svg 

Expected Results 
 

Previous work in the renewable energy and related domains 
have found that effectiveness varies across policy type and 
renewable technology (Johnstone, et al., 2009), that demand-
pull policies have little effect (Nemet, 2009), and that 
technology-push policies do affect innovation (Margolis & 
Kammen, 1999; Lee, Veloso, & Hounshell, 2011). 
 
We expect to find a positive effect of policy stringency on 
innovation and that technology-based policy has a stronger 
effect than market-based policy. 

Chart of patent trends in wind 
generator technology from 
EPO database (Dubaric, 
Giannoccaro, Bengtsson, & 
Ackermann, 2011). 
 
Note increased patenting 
activity during periods of 
increasing policy interest. 
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