A carbon tax causes renewable energy adoption. 
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A price on carbon dioxide (CO2) and other greenhouse gas (GHG) emissions has long been a preferred instrument among economists and other academics for addressing the threat of climate change.1 The idea is simple: putting a price on carbon internalizes the societal costs caused by consumption of fossil fuels and other activities that emit GHGs. The concept sits firmly in the tradition of Pigouvian taxation, which has been applied to address other “externalities”—from the health system costs of tobacco and alcohol use to the environmental cost of substances that deplete Earth’s ozone layer. The concept of pricing carbon by way of a tax has been gaining traction among economists as an efcient, market-based strategy for reducing GHG emissions in the United States. More recently, the idea has garnered the attention of prominent Republicans and Democrats within and outside of Congress as well as advocates on the left and right poles of the national political spectrum. Regardless of the motivation for pursuing a carbon tax, current and future discussions can benefit from an up-to-date and comprehensive assessment of what such a policy would mean for the US energy system and resulting GHG emissions in the future. This paper is part of a series under the Columbia University Center on Global Energy Policy’s (CGEP’s) Carbon Tax Research Initiative. It provides projections of the US energy system and emissions implications of carbon taxes and associated policy choices2 using RHGNEMS, which is a version of the National Energy Modeling System (NEMS) maintained by the Rhodium Group.3 NEMS is developed and used by the Energy Information Administration (EIA) to produce its Annual Energy Outlook and relied on by Congress to assess the impact of past energy and climate legislation.4 This paper seeks to answer key questions about the impacts of a carbon tax in the United States. First, how responsive are diferent sectors of the US economy to a carbon tax at diferent tax rates? The answer has important policy implications, such as the amount of federal revenue collected under any given tax rate, the likelihood of achieving specified GHG reduction targets, and the potential role of other emission reducing policies. Second, what changes in energy prices, production, and consumption occur under diferent tax rates? These questions are addressed by assessing three carbon tax rate scenarios. Based on this analysis, we make the following key findings: A carbon tax can drive substantial reductions in US GHG emissions in the near and medium term. In our analysis, an economy-wide carbon tax set at $50/ton in 2020 and rising at a real rate of 2 percent ach hieves emission reductions of 39 to 47 percent below 2005 levels by 2030 (figure ES1). Emission reductions primarily occur in the electric power sector. The sector is the most responsive to a carbon price, and, in turn, this is where most economy-wide emission reductions occur. The presence of readily available low carbon substitutes drive emission reductions of 23 to 67 percent in the $50/ton scenario relative to emissions under current policy in 2030. A carbon tax drives large increases in renewable energy production and large declines in coal production. Zero-emitting renewable energy makes up 29 to 41 percent of total US electric power generation in 2030, depending on the tax rate scenario, which represents a two- to threefold increase from 2015 levels. Renewables fill in behind coal generation, which declines substantially in all scenarios. The carbon tax drives a 28 to 84 percent reduction in US coal production by 2030 compared to current policy. Average per capita energy expenditures rise under a carbon tax but do not reach the (inflation adjusted) high levels seen in recent history, even in the highest tax rate scenario. Increases in energy expenditures per capita due to a carbon tax range from 7 to 27 percent relative to current policy in 2030. Meanwhile, per capita energy expenditures during the commodities boom in the run-up to the great recession were even higher. Carbon tax revenue could potentially be large, ranging from $617 million to as much as $2.5 trillion over the first 10 years, depending on the tax rate and technological innovation in the US economy. Decisions over revenue of this magnitude could be contentious. Revenue could be directed to a variety of productive uses, including cutting other taxes, deficit reduction or rebates to individuals. Beyond 2030, a carbon tax at the levels considered in this analysis may not be not sufcient for achieving emissions targets. In the long term, the range of tax rates considered in this analysis will likely be insufcient to reduce US GHG emissions 80 percent below 2005 levels by 2050, absent complementary GHG policies, significant improvements in technologies that can act as direct substitutes for fossil fuels, and/or significantly faster electrification of the transportation, buildings, and industrial sectors than we considered in this analysis. While this paper focuses on the emissions and energy system impacts of a carbon tax in the United States, the results are used in separate analyses of the potential distributional and macroeconomic impacts of a carbon tax, which are also part of the CGEP Carbon Tax Research Initiative series. Eighty years ago, British engineer Guy Stewart Callendar provided the first convincing evidence that emissions of carbon dioxide (CO2) and other greenhouse gases (GHG) from human activity were warming the planet. Today, the body of scientific evidence of humancaused climate change is overwhelming and unequivocal. These changes are imposing a growing economic cost, both in the United States5 and around the world.6 These costs are not paid by the individuals and companies responsible for the GHG emissions behind them, but by society as a whole. One of Guy Stewart Callendar’s contemporaries was an economist named Arthur Cecil Pigou, who in 1920 argued in The Economics of Welfare that the societal costs of industrial production should be “internalized” through a tax. In the decades since, Pigouvian taxes have been used to address a range of social costs through market forces, from the impact on the public health system of tobacco and alcohol use to the environmental impact of substances that deplete Earth’s ozone layer. Economists and other academics have long argued that a similar approach could be taken to address climate change through a tax on CO2 and other GHG emissions.7 Such a tax would also raise significant revenues. Over the past few years, a carbon tax has garnered increased attention from elected ofcials at both the federal and state levels, and from both the Democratic and Republican parties.8 The Trump administration has broadly dismissed the threat of climate change and is actively rolling back federal GHG regulations. Despite this, some argued that a congressional push for tax reform could provide an opportunity to pursue a carbon tax.9 The theory of change is that a carbon tax could provide revenue to cover the costs of such an endeavor. The enactment of a major deficit-funded tax cut package at the end of 2017, however, suggests the window for such a trade (to the extent to which it ever existed) is likely now closed. Meanwhile, the administration and Congress are advancing infrastructure legislation that, if not also deficit financed, will either require cutting current spending on popular programs or a new source of revenue.10 While some continue to explore how a carbon tax could potentially serve as the source of revenue as part of bipartisan legislative compromise under the current administration, others are considering how a carbon tax could serve as a key component of a Democratic campaign platform in the 2020 presidential elections. While the likelihood or timing of serious congressional consideration of a carbon tax is unclear, there are important design questions policy makers will need to grapple with if such consideration occurs. The first paper in the Center on Global Energy Policy’s (CGEP) Carbon Tax Research Initiative11 identified and discussed these questions in detail.12 This paper analyzes the energy and emissions impact of some of the most important carbon tax design choices. The US energy system is in a state of flux. The shale boom has expanded the role of natural gas, boosted crude oil production to record levels, and put the United States on track to be a net energy exporter. The dramatic reduction in wind and solar costs is transforming the electric power sector. A rapidly growing menu of electric vehicles has the potential to upend transportation and US oil demand. All this makes predicting the future more challenging than ever, let alone predicting how that future will be altered by a carbon tax–driven change in relative prices. If Congress does consider a carbon tax, it will almost certainly ask the US Energy Information Administration (EIA) to analyze its impact on energy production, consumption, prices, and emissions. EIA has been called upon to analyze most major energy and environmental legislation, including previous carbon pricing legislative proposals like the Waxman-Markey bill, which passed the House of Representatives in 2009.13 EIA analysis of any future carbon tax legislation will play a central role in the congressional and public debate over the merits of such a proposal. For its annual long-term forecasts14 and major energy and environmental policy analysis, EIA uses the National Energy Modeling System (NEMS).15 NEMS is a highly detailed energyeconomic model with individual, interconnected modules for macroeconomic activity; coal, oil and gas, nuclear, and renewable energy production; power generation; petroleum refining and natural gas transmission and distribution; and energy consumption in the residential, commercial, industrial, and transportation sectors. Like all models, NEMS has its strengths and its limitations. It is one of the few detailed economy-wide models of the US energy system, and the only such model that is publicly available, fully documented, and with completely transparent modeling parameters and input assumptions. For these reasons, combined with the fact that it will almost certainly be the modeling platform EIA will use to assess any future carbon tax proposal, we selected it for this analysis. Doing so also provides an opportunity to identify areas where the leading government energy model may need refinement to better reflect technology deployment and consumer behavior under a carbon tax, and it complements recent carbon tax analysis produced using other modeling platforms.16 This paper is structured as follows. In section 2, we review recent US GHG trends and project future emissions under current policy. In section 3, we briefly discuss key carbon tax design elements relevant to this analysis and present the analytical approach used in this study. Section 4 discusses the impact of a carbon tax on GHG emissions in diferent sectors and for the US economy as a whole. We explore why some sectors are likely to be more responsive to a carbon tax than others, and why additional GHG reduction policies may be necessary in certain sectors to achieve economy-wide emission reduction goals. Section 5 covers the impact of a carbon tax on US energy production, consumption, prices, and expenditures. Section 6 provides 10-year federal budget revenue estimates under diferent carbon tax rates. We ofer some headline conclusions for consideration in section 7. The energy and emissions outputs from this paper have been provided to the Tax Policy Center and the Baker Institute for Public Policy at Rice University, which will be analyzing the distributional and macroeconomic impacts of both a carbon tax and diferent revenue allocation options, in papers that will also be released as part of CGEP’s Carbon Tax Research Initiative.
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