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Abstract 
A substantial and rapid transition to solar and wind energy resources can help society mitigate climate change. As 
reliance on these intermittent resources grows, additional technologies will be needed to ensure that energy 
demand is met reliably. Options include energy storage, backup generation, demand-side management, and 
transmission expansion. I will describe my recent research that identifies engineering strategies to improve 
technologies that can enable the utilization of renewable energy. First, using multi-decade weather data and 
parsimonious energy system models, we evaluate energy systems that combine renewable resources with storage. 
We identify key drivers of cost and features of storage technologies that can enable cost-competitive generation of 
electricity. We also study how these systems might produce excess energy, and we estimate its temporal and 
spatial characteristics. These results provide insight into how chemical technologies could be designed to effectively 
utilize this excess energy to produce fuels and materials. Second, we investigate the improvement of lithium-ion 
batteries to identify factors that enabled their success, as well as promising strategies for the future. We build 
extensive empirical datasets and develop models of technological change to elucidate the drivers of the rapid 
improvement that was observed for lithium-ion batteries. We then disentangle and quantify the contributions of low-
level mechanisms of cost change, such as increases in cell charge density, and high-level mechanisms, such as 
economies of scale. We examine the contribution of advances in chemistry and materials science. These results 
can inform strategies for engineering research, as well as financial investments and public policies, to improve a 
range of sustainable technologies. 
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