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Overview
We study the drivers of the adoption of electricity generation technologies between 1970 and 2014 in the lower 48 U.S. states. Since the 1990s, major electricity market restructuring took place in some parts of the United States. We explore the implications of changing from a regulated “cost-of-service” or rate of return system to a partly and fully deregulated market on technology and fuel choices. We find that electricity market deregulation resulted in significant immediate investment in various natural gas technologies, and a reduction in coal investments. However, market deregulation impacted less negatively on high efficiency coal technologies. In states that adopted wholesale electricity markets, high natural gas prices resulted in more investment in coal and renewable technologies.
Methods
To measure the drivers of technological choice we construct a unique database of over 20 different energy generation technologies with annual grid connections and retirements based on EIA-860 data from 1891-2014. We test two alternative dependent variables in an OLS setting with fixed effects. We work on one hand with the natural logarithm of the annual grid connections of specific technologies per state/year (between 1970-2014), and on the other hand with the ratio of the annual grid connection of a technology in state “i”, time period “t”, to the cumulative installed capacity in that state and year. We test several hypotheses, among others, how market liberalization, lagged average natural gas and coal prices before and after market liberalization influence the fuel and technology choice of the power plants built.  We also control for lagged average fuel input prices, lagged average state income, capacity startups and retirements. 
Results 
We find a positive effect of the liberalization of wholesale markets on the construction of natural gas combined cycle technologies, and a negative effect on a wide range of steam coal technologies, however high efficiency coal generators (including fluidized bed plants) are less negatively influenced by market liberalization. The incremental impact of fully liberalized markets is generally not statistically significant. The own price elasticity of natural gas plants is negative and significant for combined cycle generators in non-liberalized markets. In liberalized markets the elasticities are highly significant and more negative for both gas technologies. The coefficient for combined cycles is -1.67 and for gas turbines is -1.92, indicating a very elastic response in investment to gas price changes. Both coefficients are significant at the 1% level. Peak loaders, whatever their fuel, are used very flexibly and have to recover their investments in periods of high demand and therefore, very high electricity prices. In regulated markets with a guaranteed return on investment, this is not the case however. The own fuel price elasticity of coal is negative but not statistically significant for pulverized coal technologies in non-liberalized markets.  In liberalized markets the effect is positive but only significant for subcritical plants at the 10% level. 
The cross price elasticities of natural gas and coal technologies are not statistically significant in non-liberalized markets. The cross price elasticities of coal technologies with respect to the price of natural gas in liberalized markets however show a clear investment substitution towards coal fired baseload generation in case of rising natural gas prices. The combined coefficients vary between 0.91 for supercritical and 1.02 for subcritical technologies and are significant at the 5% level. This would indicate about 1% increase in new coal capacity investment as a response to 1% increase in natural gas prices. 
We find evidence that partly liberalized markets have negatively impacted investments in solar and wind technologies. This makes sense if regulators in non-liberalized regimes drive investment by integrated utilities in renewable technologies. The coal cross price elasticity of both renewable sources is positive signaling substitution, while under wholesale markets solar photovoltaic investments still significantly benefited from increased coal prices, and reverse was true for wind turbines. Also under wholesale markets, a 1% natural gas price increase has resulted in about 1.89% increased capacity into onshore wind turbines. Our results indicate that while market liberalization per se has increased investment flows into natural gas-fired plants, higher natural gas prices under competitive regimes acted to reduce these investments further, as the relative profitability of other generation increased due to higher baseload usage, and higher margins. 
Also, while the average impact of liberalization was negative on coal-fired generators, natural gas prices under wholesale conditions promoted shifting investment from natural gas to other forms of electricity generation. 
Conclusions
[bookmark: _GoBack]We find that electricity market deregulation at the wholesale level resulted in significant immediate investment in natural gas baseload technologies, and in decreased investment in coal technologies, although high efficiency baseload coal generation was less negatively, or not impacted. After wholesale market liberalization, we find that natural gas prices tend to result in reduced investments into natural gas technologies but in increased generation capacity in all forms of coal and wind turbine technologies. Natural gas supply and prices therefore have the potential to significantly shape the power generation landscape of states with wholesale electricity markets in future. 
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