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Overview

This article describes the development, implementation, and application of an integrated assessment modeling (IAM) framework featuring renewable technology markets with producers engaged in Cournot competition. In contrast to standard IAM formulations of endogenous technological change, such as industry-wide learning curves, this framework captures market forces that influence prices for renewable technology capacity, and therefore adoption and carbon emissions as well. Recent empirical studies have indicated that market structure and competition have had significant effects on wind turbine and solar PV module prices (Bolinger and Wiser, 2011; Nemet, 2006) this century, so capturing these forces in an IAM framework is critical for properly projecting technological, economic, and emissions pathways.
The paper is organized as follows. Section 1 contains a literature review and a summary of the wind and solar PV industries, including recent historical data. Section 2 describes the modeling framework and solution algorithm. Section 3 defines the scenarios designed to investigate how climate policy and inter-firm learning spillovers interact with market structure to affect markups, renewable technology adoption, carbon emissions, and producer profits. Scenario results are presented and discussed in Section 4. The article concludes in Section 5 with a summary of valuable insights for modelers, policymakers, and energy strategists.
Methods
Energy system modeling; linear and nonlinear optimization; game theory.
Results
Competitive markets yield consistently lower markups than concentrated markets, leading to significantly more adoption and lower emissions. Widespread solar PV adoption is a key component of the largest emissions reductions, but this requires substantial price reductions that only occur if the solar PV market is competitive and learning spills over across producers. Whether a leading firm has a profit incentive to facilitate or obstruct learning spillovers depends on the availability of cost-competitive substitute technologies. If such a substitute exists, the firm prefers strong spillovers that help its industry compete against the substitute; if not, the firm prefers weak spillovers that prevent competitors in its industry from seizing market share. The relationship between price and cumulative capacity is endogenous in the modeling framework. Regression analysis of scenario results yields price learning rates which are similar to unit production cost learning rates in competitive markets, but substantially lower – even negative – in concentrated markets.
Conclusions
The results described above demonstrate the importance of accounting for market structure and learning spillovers in IAM formulations of technological change. In general, IAMs with standard learning curve formulations may be overly optimistic about the impact of renewable technologies if their implicit assumptions of competitive markets and perfect spillovers fail to hold over time. Given that most IAM studies will continue to employ standard formulations, the endogenous markups and price learning rates derived in this analysis can be used to parameterize learning rate scenarios and sensitivity analyses to indirectly account for possible variations in climate policy, market structure, or learning spillovers.
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