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Overview

This presentation will focus on the determinants of the cost reductions realized by energy technologies over the past 30-100 years [1-5]. The research considers various factors–such as economies of scale, unit size, and design complexity–to explain the rates of improvement achieved in energy technologies. Using a comprehensive database on energy costs and patents, this research compares the innovation rates of technologies and examines the performance of models of this process. The work uncovers differences in the rates of innovation, and in the predictive ability of models. Photovoltaics (PV) show cost reduction rates that are unmatched by other technologies, and there is a tendency across many technologies for exponential cost improvement and production growth over time. This research is intended to inform technology investment and technology design decisions. From our findings we extract guidelines for policy makers and technology developers, to facilitate continued technological improvement in the future.
Methods

The methods involve the development of a cost and patent database spanning many technologies, and the statistical analysis of the data to compare the rates of improvement across technologies. The research also compares the predictive ability of various cost improvement and innovation models using statistical methods. 
Results

This presentation distills the results from several recent publications [1-6]. The research tests the predictive power of proposed models for cost improvement [3], and uncovers a tendency across technologies for exponential cost improvement and production growth over time, as well as a power law relationship between cost and production. Despite apparent similarities in the underlying drivers of technological innovation across technologies, there are marked differences in the rate of cost improvmement, with PV costs dropping faster than other technologies [2]. These differences in the rate of improvement may be related to design features such as the structure of technology component dependencies [4] and the unit scale of the technology [6]. 
To complete the comparison of the rates of improvement across energy technologies, the research examines innovative activity since the 1970s based on a global energy patent database, the most comprehensive of its kind, built through text search [1]. The research uncovers and explains a recent, major increase in energy patents despite modest research funding. Solar and wind are found to have overtaken patenting in fossil fuels in the past decade. Growing (policy-supported) markets are shown to amplify the effects of research funding.
Conclusions

The analysis, based on new datasets covering changes over time and across technologies, uncovers several common drivers of improvement across energy technologies. The research also identifies fast-improving technologies such as PV and wind. The results can be used to improve cost forecasts (and to quantify expected forecasting errors) of energy technologies and to study the effectiveness of policies and private investment decisions in energy. 
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