Carbon taxes incentivize the green transition. 
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The argument for using carbon pricing as the central mitigation instrument is simple and compelling: with a price on carbon, polluters have an economic incentive to immediately reduce their emissions. The price signal will trigger both development and deployment of lower- or zero-emitting technologies such as renewable energy or insulating buildings. We discuss the underlying theory in detail in Section 2.1. Another line of argumentation suggests there may be limits to carbon pricing's value. Achieving the objectives of the Paris Agreement requires not just a reduction in emissions of carbon dioxide (CO2), but rather its complete elimination, by about mid-century, from the energy sector (Hoegh-Guldberg et al., 2018). For this, a complete reconfiguration of the energy system, mobility, and of carbon-emitting industry is necessary. To be most helpful, near-term emissions cuts must align with enhancing society's capacity to quickly replace all sources of fossil carbon emissions with other forms of energy (Patt, van Vliet, Lilliestam, & Pfenninger, 2019). Complete decarbonization requires development and deployment, up to full market penetration, of zero-carbon technologies and systems. The literature on technological transitions suggests that the factors influencing the direction and pace of technological change go well beyond differences in costs: through their existing systems of infrastructure and institutions, societies can be “locked in” to using high carbon technologies. This lock-in is exacerbated by economic mechanisms such as decreasing costs (learning) and increasing returns (e.g., network effects), which put new technologies at a competitive disadvantage (Unruh, 2000). Spillover effects mean that markets tend to achieve suboptimal levels of innovation, suggesting that state interventions to increase the rate of innovation, including via learning-by-doing, are needed (Arthur, 1989; Bertram et al., 2015; Fremstad, Petach, & Tavani, 2019; Klitkou, Bolwig, Hansen, & Wessberg, 2015; Romer, 1990). Hence, factors other than relative costs play an important role in the initial adoption and later diffusion of zero-carbon technologies. That would imply that even with changes in relative costs due to carbon prices, market behavior could remain constant, simply because other barriers are present. Policies addressing these other factors could play a large role in stimulating a technology transition to an entirely carbon-neutral one (Geels, Sovacool, Schwanen, & Sorrell, 2017; Patt & Lilliestam, 2018; Rosenbloom, Markard, Geels, & Fuenfschilling, 2020). In short, there are competing theoretical arguments about the effectiveness of carbon pricing for triggering the technological change needed to solve the climate problem: a simple and intuitive argument based on economic incentives and price signals, calling for carbon pricing as the central policy instrument; and a more complicated argument based on the specifics of climate change targets, combined with the mechanisms of technological transitions, suggesting that carbon pricing's value may be limited. Whenever contradictory theoretical insights are present, empirical investigation is critical. Here, we review the empirical peer-reviewed research on the effects of carbon pricing policies on technological change—innovation and investment toward a completely decarbonized energy system, including transport, consistent with the Paris Agreement. In this, we distinguish between different effects. Carbon prices can trigger short-term effects, originating in operational changes in existing assets, such as a switch within a power plant fleet from coal toward gas power (Vogt-Schilb, Meunier, & Hallegatte, 2018). This would reduce emissions quickly, so that the remaining carbon budget is exhausted slower, but it does not constitute the necessary technological change. Of more relevance for full decarbonization, carbon pricing can have longer-term effects, both by triggering investments in new low- or zero-carbon assets (e.g., more efficient airplanes, or new wind farms) or by inducing innovation in new low- or zero-carbon technologies or practices (e.g., private R&D in enhanced solar energy production). In these, the rate of technological progress, and the change rate of emission reductions, rather than the immediate emission level, is relevant (Patt, 2015; Vogt-Schilb et al., 2018). We show that the empirical evidence for the effectiveness of carbon pricing for triggering technological change is on the one hand thin, and on the other hand discouraging. As to the former, there are surprisingly few studies that empirically document a link between carbon pricing and technological change. As to the latter, the few studies that have taken place document emission reductions originating in short-term operational shifts, but find only very minor effects, if any effects at all, on low- and zero-carbon investment and innovation. We thus conclude that the empirical evidence, while limited, in fact contradicts claims for the effectiveness of carbon pricing schemes in promoting the technological change necessary for the full decarbonization aim implied by the Paris Agreement.
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